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ARTICLE

Clinical Investigation of Flat Pack Toric Contact Lenses and
Wearer Attitudes to Environmental Impact

Neema Ghorbani-Mojarrad, Ph.D., Lindsay Rountree, Ph.D., Louise Terry, Ph.D., Heather Bruce, B.Sc. (Hons),
Emily Hallam, B.Sc. (Hons), Louise Jolly, B.Sc. (Hons), Neil Retallic, B.Sc. (Hons), and Katharine Evans, Ph.D.

Objectives: To investigate the performance of a novel flat pack toric daily
disposable contact lens compared with traditionally packaged toric lenses in
a randomized, crossover study. Environmental attitudes to contact lens wear
were also explored.
Methods: Habitual contact lens wearers were recruited to wear a hioxifilcon
A (Miru 1 day Flat Pack Toric, Menicon, Nagoya, Japan) test lens and a
control lens: either nelfilcon A (Dailies AquaComfort Plus, Alcon, Geneva,
Switzerland) or etafilcon A (1-Day Acuvue Moist, Johnson & Johnson,
New Brunswick, NJ). Objective lens performance was assessed at fitting,
and participants wore lenses in a randomized order for three consecutive
days. Subjective measures of lens performance (comfort, vision, and han-
dling) were then assessed by a questionnaire, with further questions on
overall lens preference and environmental perceptions.
Results: Objective measures of lens fit were similar for the test and control
lenses, except for distance VA which was better with the control lenses
(P,0.05; difference of two logMAR letters). End of day comfort was
greater with the test lens, but this did not reach significance. Both lenses
demonstrated similar scores for overall satisfaction. 87.5% of participants
indicated the environmental impact of contact lenses to be important/
extremely important to them, with 100% of participants identifying the flat
pack packaging as having a smaller environmental impact.

Conclusion: Overall, the lenses used in the study performed to similar
levels. Environmental credentials are important to contact lens wearers,
which may contribute to overall lens preference.

Key Words: Toric contact lenses—Contact lens comfort—Soft contact
lenses—Environmental awareness.

(Eye & Contact Lens 2023;49: 475–482)

A systematic review conducted in 2018 estimated a global
prevalence of astigmatism in adults (typically defined as

$20.75DC in at least one eye) of 40%.1 Within the United
Kingdom population, this seems to be slightly higher, estimated
to be 47% monocularly and 24% binocularly.2 An international
survey revealed that there has been a continuous increase in toric
contact lens prescribing over the past 20 years, likely because of
the increased accessibility and increased parameter ranges in soft
toric contact lenses.3 This trend is also apparent in the United
Kingdom; this increase in toric lens fitting is accompanied by a
decline in the proportion of soft spherical-only fits, leading to the
number of toric contact lens fits overtaking spherical ones in
2020.4 This is beneficial to patients as studies indicate improved
visual acuity and contrast sensitivity when fitted with toric con-
tact lenses.5–7 More recently, a study comparing subjective and
objective measures of visual performance with digital devices in
astigmatic patients trialing toric and spherical lenses of the same
material found that participants preferred the comfort and vision
with the toric contact lenses.8

Dumbleton et al.9 investigated contact lens drop out in a retro-
spective sample of over 4,000 lapsed wearers, and while discom-
fort was cited as the most common cause, poor vision and issues
with lens handling were also common causes of lens discontinua-
tion. Toric contact lens wearers are more likely to discontinue lens
wear compared with spherical lens wearers, with comfort and
vision problems being factors in discontinuation.10

Despite this, most contact lens studies examine spherical contact
lenses only, and there are very few that look at the relationship
between vision and comfort in soft toric contact lenses.11 One such
study found that any reduction in visual acuity may increase the
symptoms of ocular discomfort, and both were related to overall
satisfaction in lens wear.11

In addition, the environmental impact of contact lens wear has
started to draw interest from the contact lens industry, because of the
use of predominantly synthetic plastic materials. Initially, environ-
mental impact was explored in the academic literature with differences
in lens modalities that is, daily versus monthly disposable,12 and the
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potential impact that perceived environmental impact could hypothet-
ically have on patient lens choice.13,14 Reports stated that the overall
environmental impact of contact lenses is relatively small compared
with other sources of domestic waste; however this report did not take
into account manufacturing and distribution.12 Recent interest has
accelerated due to more frequent news and media reports relating to
the environment. This, coupled with the increase in daily disposable
lens use, and subsequent increased single use plastic in blister pack-
aging, has brought this matter to the fore.3 Although daily disposable
lenses produce more waste, and have a greater potential environmental
impact,12,13 it has been reported that reusable contact lenses do not
substantially reduce the relative environmental burden of contact lens
wear as much as initially expected when peripheral factors and their
accompanying lens care systems are accounted for.15,16

In light of the greater public interest in environmental affairs,
contact lens manufacturers have begun to implement new strategies
to reduce their environmental impact. This includes contact lens
recycling schemes within the United Kingdom and United
States15,17,18 and plastic-neutral partnerships.19

One manufacturer has developed packaging that removes the need
for plastic casing within blister packs. Miru 1 Day Menicon Flat Pack
(hioxifilcon A) comes in a bifoil “flat pack” design, made of
polypropylene-covered foil on both sides, with minimal plastic and
saline in comparison with typical lens blister packs. The design allows
the packaging to be just over 1 mm thick, flattening the lens within the
blister and resulting in an 80% reduction in packaging on average.15

Although this design may be more environmentally friendly, it is
unknown whether it impacts on lens performance or lens handling
when compared with contact lenses supplied in traditional blister
packs. In this study, the performance of the Miru 1 Day Menicon
Flat Pack Toric (hioxifilcon A) contact lens was evaluated both
through objective and subjective means, in comparison with
similar lenses available on the market. In addition, ease of lens
handling and participants’ opinions on the importance of the envi-
ronmental impact of contact lens packaging were also evaluated.

METHODS

Study Protocol and Study Lenses
The study was approved by both the School of Optometry and

Vision Sciences Research Ethics and Audit Committee at Cardiff
University and The Research Ethics Committee at The University of
Bradford and followed the tenets of the Declaration of Helsinki.
Informed consent was obtained from all participants before enrol-
ment in the study.
This was a prospective, single-masked (participant-masked),

randomized, crossover study over two sites in England and Wales.
Participants were asked to wear the Miru 1 Day Menicon Flat Pack
Toric lens (Menicon) and either a 1-Day Acuvue Moist for
Astigmatism lens (Johnson & Johnson) or a Dailies Aqua Comfort
Plus Toric lens (Alcon), in both eyes for a period of three consec-
utive days. The control lens was selected at random, unless the
participant habitually wore one of the control lens options—they
were then assigned the other control lens. No participant habitually
wore the test lens, ensuring that both study lenses were new to the
participant. Wear order was randomized (determined by coin toss).
A minimum 24-hr wash-out period, where no contact lenses were
worn, was required before wearing each study lens.

Lens specifications for the lenses used in this study are
summarized in Table 1. Contact lens packaging was over labeled
to mask participants from the brands of each lens.
Participants were recruited using email lists and posters placed

around Cardiff University and University of Bradford campuses,
inviting anyone interested in participating to contact the study team
directly. Where possible, notices were placed in locations to try and
recruit from the wider community, in addition to the university
populations. A participant information sheet was sent to those who
were interested, inviting them to contact the study team again once
they had read and understood the information. Potential partici-
pants were encouraged to ask any questions they may have, which
were fully answered before recruitment to the study. If a potential
participant chose to volunteer, written informed consent was
provided before the commencement of any study tests.
Data collection occurred between February and August of 2021.

Owing to the ongoing COVID-19 pandemic at the time, in person
attendance was kept to a minimum; participants attended one
appointment to assess the fit of both lenses and receive study
instructions. All subsequent communication with participants took
place remotely, unless symptoms were experienced which required
further examination.

Study Procedure
The initial screening appointment was undertaken remotely,

where a series of questions were asked to assess general and ocular
health to ensure study eligibility. Participants were aged between
18 and 40 and did not have any systemic disease and/or medication
known to affect visual performance. They were experienced soft
contact lens wearers who wore contact lenses at least 5 days per
week, and at least 8 hour per day. Participants had no history of
significant ocular problems. Participants were asked to provide
their most recent spectacle (within the past 2 years) and contact
lens (within the past year) prescriptions. Participants’ refractive
errors were within the range +2.00DS to26.00DS, with cylindrical
component between 20.75DC and 21.75DC (axis 180°625° or
90°) in each eye. Study lenses were selected in the nearest available
prescription to the participant’s habitual lenses and in accordance
with the manufacturers’ fitting guidance.
At the fitting appointment, distance visual acuity was confirmed

as +0.10 logMAR or better in each eye, with a difference of #0.20
logMAR between right and left eyes. Ocular health was confirmed
by slit lamp biomicroscopy and corneal topography before lens
fitting. Participants then inserted a randomly selected pair of over
labeled contact lenses (lens A). Participants were not given any
instructions regarding the orientation of the lens on insertion. The
fit of the lenses was assessed on the eyes using slit-lamp biomicro-
scopy and the simplified recording scheme to quantify aspects of
lens fit.20 The simplified recording scheme allows for quantifica-
tion of the contact lens fit, with negative and positive integers
ranging from 22 to +2, with 0 being the optimal lens fit, to
describe lens position, movement on blink and the push up test.
After these fitting measures were collected, lens orientation was
measured 5 min after insertion and time to reorientation was as-
sessed after manually rotating the lens 45° nasally and temporally
in the right eye. Distance and near visual acuity were assessed after
10 min of wear. After these measures were collected, the lenses
were removed and the same procedure was repeated for lens B.
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If the fit of both lenses was deemed acceptable, participants were
given three pairs of lens A and three pairs of lens B. If the fit of the
control lens was deemed unacceptable, the fit of the other control
lens was also assessed. If the fit of the test lens or the fit of both
control lenses was deemed unacceptable, the participant was
withdrawn from the study. Participants were instructed to wear
lens A over three consecutive days, for at least 8 hr on each day,
following their usual pattern of wear. If any nontolerance issues
occurred, participants were advised to cease wear and contact a
study investigator. Participants who habitually wore reusable
contact lenses were advised not to store or reuse any of the study
contact lenses.
At the end of the 3-day lens trial, participants completed a short

questionnaire by Jisc online surveys (www.onlinesurveys.ac.uk),
recording their experiences of comfort, quality of vision, and lens
handling on a 10-point Likert scale, where 1 indicated the worst
possible score and 10 indicated the best possible score, that is, the
higher the score given for the question, the better the overall expe-
rience. Participants also recorded their wearing times, and at the
end of each questionnaire, an optional, free text box was available
for participants to add any comments that they wished to, about any
aspect of the lens.
After a wash-out period of at least 24 hr, where no contact lenses

were worn, participants were instructed to wear lens B following
the same instructions. At the conclusion of the study, participants
were asked to indicate their overall preference for lens A or B and
state their preference for lens packaging. These questions had
response options of “strongly prefer lens A,” “prefer lens A,” “pre-
fer lens B,” and “strongly prefer lens B.”
After participants had submitted their answers regarding lens

preference, they were asked four supplementary questions regard-
ing their opinion of the environmental impact of contact lenses in
general and of the study lenses in particular:

“In your opinion, the environmental impact of contact lens
wear is”

Low Medium High

“In your opinion, what priority should contact lens manufac-
turers give for the environmental impact of their products?”

Low Medium High

“How important to you is the environmental impact of contact
lens wear?”

Very Unimportant Not Important
Important Very Important

“In your opinion, which of the lenses you trialed would have
the smaller impact on the environment in terms of waste pro-
duced?”

Lens A Lens B

Environment-related questions were asked after submission of
all other questionnaires to avoid biasing participant responses with
other questions about lens packaging. For the same reason,
participants were not made explicitly aware that their opinions of
environmental impact were to be asked as part of this study in any
of the communications. In contrast to previous questions, these
responses were not associated with the participant’s study ID and
as such were anonymous. It was anticipated that this would encour-
age participants to be completely honest in their responses. Partic-
ipants were advised of this before submitting their responses.
Participants received a token payment after completion of the

study as compensation for their time.

Statistical Analysis
Data were analyzed with IBM SPSS Statistics v27. The

Kolmogorov–Smirnov test indicated that all outcome measures
were not normally distributed; thus, data were analyzed using the
Wilcoxon signed-rank test. Significance was indicated by a P value
less than 0.05. As participants only wore two lenses, one of which
was the Miru 1 Day Menicon Flat Pack toric and the other was
either a randomly determined Johnson & Johnson 1-Day Acuvue
Moist for Astigmatism or the Alcon Dailies Aqua Comfort Plus
Toric contact lens, data referring to the Miru 1 Day Menicon Flat

TABLE 1. Summary of Lens Specifications (Parameters Listed are Those Available at Commencement of Study)

Miru 1 Day Menicon Flat Pack Toric
Johnson & Johnson 1-Day Acuvue Moist

for Astigmatism Alcon Dailies Aqua Comfort Plus Toric

Material Hioxifilcon A
Hydrogel

Etafilcon A
Hydrogel

Nelfilcon A
Hydrogel

Water content (%) 57 58 69
UV absorber None Class 2 None
Center thickness (mm) 0.10 0.09 0.10
BOZR (mm) 8.6 8.5 8.8
TD (mm) 14.5 14.5 14.4
Power range (D) S: +2.00 to 26.00 (0.25)

26.00 to 28.00 (0.50)
C: 20.75, 21.25
A: 180615 (15), 90
C: 21.75
A: 180

S: +4.00 to 26.00 (0.25)
C: 20.75, 21.25, 21.75
A: 10 to 180 (10)
C: 2.25
A: 180620 (10), 90620 (10)
S: +0.25 to +4.00 (0.25)
26.50 to 29.00 (0.50)
C: 20.75, 21.25, 21.75
A: 180620 (10), 90620 (10)

S: +4.00 to 26.00 (0.25)
26.50 to 29.00 (0.50)
C: 20.75, 21.25, 21.75
A: 10 to 180 (10)
S: Plano to 26.00 (0.25)
C: 22.25
A: 180620 (10), 90620 (10)
S: +4.00 to +0.25 (0.25)
26.50 to 28.00 (0.50)
C: 22.25
A: 180620 (10)

Orientation mark Vertical circular markings at 6 o’clock Vertical single line at 6 and 12 o’clock Horizontal single line at 3 and 9 o’clock
Design Biaspheric dynamic asymmetric stabilisation system Back surface toric eyelid stabilised design Toric back surface, dual thin zone design

S, sphere; C, cylinder; A, axis in relation to parameter availability.

Eye & Contact Lens � Volume 49, Number 11, November 2023 Clinical Investigation of Flat Pack Toric Contact Lenses

Copyright � 2023 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the CLAO. 477

http://www.onlinesurveys.ac.uk


Pack Toric is referenced as the study’s “test” lens, and the other
lenses were combined for comparison and referred to as the study’s
“control” lens.

RESULTS
Forty participants (67% female) with a mean age of 25.8 years

(66.5 years) were enrolled and completed the study. Daily dispos-
able contact lenses were habitually worn by 85% of participants,
and the remaining six participants habitually wore monthly reus-
able soft contact lenses. These six participants were not outliers in
the data, and their inclusion did not affect the statistical signifi-
cance outcomes of any analyses.
The mean spherical refractive power of the participants was

22.43DS (60.87DS), and the mean cylindrical power was
20.97DC (60.31DC). Twenty-seven participants had with the rule
astigmatism, and 13 participants had against the rule astigmatism.
No participant was required to withdraw due to unacceptable con-
tact lens fit, although one participant was refitted with the alterna-
tive control lens for this reason.

Objective Measures

Lens Fit and Vision
Clinical measures of lens fit (movement on blink, push-up test,

and lens centration) were similar for the test and control lenses.
Any differences were statistically insignificant, with identical
median measures of all fit parameters. Distance visual acuity was
better with the control lens compared with the test lens, with a
median and interquartile range (IQR) logMAR acuity of 20.10
(20.06, 20.10) versus 20.06 (0.00, 20.10) (P¼0.037). This
equates to a difference of approximately two logMAR letters
(Fig. 1), so although this was statistically significant (P¼0.037),
it is clinically inconsequential.

Lens Orientation and Recovery
In 80% of test lenses and 95% of control lenses, the orientation

mark was in a position 10° or less of their optimal position
5 minutes after insertion. For both lens types, the median recovery
times were faster after nasal rotation compared with temporal rota-
tion, with the fastest correction seen nasally for the test lens. How-
ever, the recovery times were not significantly different between
the test and control contact lenses (Table 2).

Subjective Measures

Comfort and Wearing times
Wearing times for the two lens types were very similar, with a

median wear time of 8.0 hr per day (Table 3). All subjective
measures of comfort (overall comfort, comfort on insertion, end
of day comfort, and eye fatigue) were higher for the test lens
compared with the control lens. Overall comfort scores are shown
in Figure 2. The magnitude of difference was greatest for the end of
day comfort (median difference of 1.0); however, none of these
differences achieved the statistical significance threshold. Within
the free text comments at the end of the questionnaire, twice as
many participants (eight vs. four) mentioned favorable comfort
with the test lens compared with the control lens.

Visual Performance
All subjective measures of visual performance were higher for

the control lens compared with the test lens (Table 4). These dif-
ferences were all statistically significant, with the exception of
night vision. Ten participants mentioned poor, unstable, or variable
vision with the test lenses in the free text comments.

Lens Handling
Subjective measures regarding ease of insertion, ease of removal,

ease of packaging use, and overall handling were similar between the
test and the control lenses (Table 5). No differences were statistically
significant. Five participants recorded positive comments about the
test lens packaging, with no additional comments about the tradi-
tional blister packaging of the control lenses given.

Overall Satisfaction
Numerical values for the median overall satisfaction score with

the different lens types were identical at 8.00 for the test and
control lens, respectively (Fig. 3).

Correlations of Vision and Comfort Against
Overall Satisfaction
Spearman rank correlation was performed for subjective scores

of vision and comfort against overall satisfaction scores for each
instance it was measured (Fig. 4). Both vision and comfort scores
positively correlated with overall satisfaction, with r scores of 0.50

FIG. 1. Distribution of distance visual acuity for the test and control
lenses. Open circles indicate outliers extending more than 1.5 box
lengths, and asterisks indicate outliers extending more than three
box lengths.

TABLE 2. Recovery Time After Manual Rotation for the Test and Control Lenses Expressed as Median and IQR

Recovery Test Lens (sec) Control Lens (sec) P*

After 45˚ nasal rotation 60.00 (IQR 38.00–116.00) 88.00 (IQR 40.00–137.00) 0.252
After 45˚ temporal rotation 103.00 (IQR 53.00–167.00) 100.00 (IQR 49.00–190.00) 0.936

*Statistically significant result with the Wilcoxon signed-rank test.

IQR, interquartile range.
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and 0.63, respectively. This suggests that, of the two scores, com-
fort was more strongly correlated with overall satisfaction.

Overall Lens and Packaging Preference
On completing the study, participants were asked to indicate

their overall preference for the two trial lenses. Sixty percent
(n¼24) indicated that they preferred the test lens, with four of those
participants indicating a strong preference. Furthermore, 70% of
participants (n¼28) indicated that they preferred the test lens pack-
aging, with 17 of those participants indicating a strong preference.

Participant Attitudes to Environmental Impact of
Contact Lenses
When asked their opinion on the environmental impact of contact

lens wear, 95% of participants (n¼38) reported they believed there
was a medium (50%) or high (45%) environmental impact from daily
contact lens wear. A similar proportion indicated lens manufacturers
should give medium (52.5%) or high (45%) priority to environmental
impact in their contact lens design. When asked which of the study
lenses had the smaller impact on the environment for waste produced,
all participants indicated the test lens for their answer.

DISCUSSION
In this study, we compared the performance of the Miru 1 Day

Menicon Flat Pack Toric (hioxifilcon A, Menicon) contact lens
against the 1-Day Acuvue Moist for Astigmatism (etafilcon A,
Johnson & Johnson) and Dailies Aqua Comfort Plus Toric (nelfil-
con A, Alcon) contact lenses. Overall, all three lenses performed to
a similar standard, with a comparable level of overall satisfaction
given for both the lenses after wear. As a novel assessment within
peer-reviewed literature, questioning the importance participants
placed on environmental impact revealed that this should be a high
priority among contact lens manufacturers.
Although distance visual acuity was significantly better with the

control lens compared with the test lens, the magnitude of the
difference (2 letters on the logMAR chart) suggests that this is not
clinically meaningful. However, given that subjective quality of
vision was better with the control lens compared with the test lens,
and that these differences between the lenses were often statisti-
cally significant, it may be that high contrast distance visual acuity
is not the best clinical measure when evaluating vision with contact
lenses. Other studies have suggested considering subjective visual

quality with more weight than objective measures of visual acuity
for this reason,21 as the subjective visual loss appears greater than
any high contrast visual acuity loss found. Interestingly, this dif-
ference in vision quality was not sufficient to influence partici-
pants’ overall lens choice, with similar overall satisfaction scores,
and an overall preference for the test lens.
Blink dynamics and lens-lid interaction are reportedly the most

influential factors in determining toric lens stability.22 Although the
toric stabilization design differs between the lenses used in this
study, there was remarkably little difference in the fitting charac-
teristics. Lens orientation recovery after a 45° nasal displacement
was quicker for all lenses compared with the temporal displace-
ment. This may reflect altered blink dynamics and lens lid interac-
tion between the two displacement directions.23 It is worth noting
that the BCLA CLEAR report on evidence-based practice recom-
mends that soft toric lens rotational stability should be assessed
10 min after lens insertion to provide adequate time for the lens to
settle.24 This was not published at the time of study commence-
ment, and therefore, this recommendation was not followed. How-
ever, the results for all lenses used in this study suggest that these
lenses generally stabilized within the 5 min. This result may be
different with silicone hydrogel lens materials, which have a higher
lens modulus than the hydrogel lens materials used in this study.
Although differences did not reach statistical significance, all

subjective measures of lens comfort were higher with the test lens
when compared with the control lens. Although several different
lens properties are likely to influence comfort, very few clinical
assessment properties have been found to reliably predict discom-
fort in the published literature.25 This limits the ability to make
direct comparisons between lenses, as these confounding factors
are inseparable. It is likely that the factors influencing comfort for
each lens in this study are multifactorial, and can include edge
profile differences influencing fitting characteristics,26 material dif-
ferences, and differences in stabilization design and thickness pro-
files27 and identifying the most influential feature is beyond the
scope of this study. Nevertheless, it is worth noting that the flat-
tening of the contact lens due to the packaging design did not seem
to negatively affect subjective comfort or average fitting on initial
fit assessment.
Although superior comfort was suggested with the test lens,

superior visual performance was indicated with the control lens. As
already noted, scores of overall satisfaction were remarkably
similar for the test and control lenses. Interestingly, comfort

TABLE 3. Wearing Time, Comfort, and Fatigue Scores for the Test
and Control Lenses Expressed by Median and IQR

Subjective Measures Test Lens Control Lens P*

Wearing time 8.00 (IQR
7.00–9.00)

8.00 (IQR
8.00–9.00)

0.939

Comfort on insertion 8.00 (IQR
7.00–9.00)

7.50 (IQR
6.00–8.25)

0.350

Comfort at end of
day

8.00 (IQR
7.00–9.00)

7.00 (IQR
5.75–8.00)

0.070

Comfort (overall) 8.00 (IQR
7.00–9.00)

8.00 (IQR
6.00–8.00)

0.242

Eye fatigue 7.00 (IQR
4.00–9.00)

7.00 (IQR
5.00–8.00)

0.789

*Statistically significant result with the Wilcoxon signed-rank
test.

IQR, interquartile range.

FIG. 2. Distribution of overall comfort scores of the test and control
lenses. Open circles indicate outliers extending more than 1.5 box
lengths.

Eye & Contact Lens � Volume 49, Number 11, November 2023 Clinical Investigation of Flat Pack Toric Contact Lenses

Copyright � 2023 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the CLAO. 479



presented with a stronger correlation to overall satisfaction than
visual quality (Fig. 4). This has also been seen in data from Guthrie
et al.,21 where the correlation of comfort and overall satisfaction
was higher than that of subjective vision and supports data sug-
gesting that comfort is the primary reason for contact lens drop
out.10 This may partly explain why 60% of participants selected the
test lens as their lens of choice when asked for their preference. It
should be noted, however, that overall satisfaction is a multifacto-
rial measure that takes into account visual performance, comfort,
and lens handling. Further research exploring the relationships
between vision and comfort in toric contact lens designs would
help explore this relationship in greater detail.
Ease of insertion and removal showed a slight preference for the

test lens compared with the control lens, although this was not
statistically significant. Interestingly, although the ease of packag-
ing scored slightly higher with the control lens, 70% of participants
indicated that they preferred the flat pack packaging when asked to
make a direct comparison. This preference may reflect the lower
effort required to open the foil blister and/or the need to touch only
the back surface of the test lens to remove it from the packaging.28

Free text comments from participants that favored the flat pack
stated that their preference was due to more convenient packaging,
less mess (presumably due to the reduced volume of saline), and
reduced waste.
This study indicated that patients see environmental impact of

contact lens wear as a high priority, with 95% of participants
believing that daily contact lens wear has a moderate or high
environmental impact. This is an interesting observation, as studies
have previously indicated that the environmental impact of contact
lens wear is comparatively small.12 Participants were habitual con-
tact lens wearers with different prior experiences, lenses worn, and
different wearing patterns, in two different cities. These responses

may indicate a distortion in the perception of environmental impact,
and/or a lack of awareness of the recycling and plastic-neutral ini-
tiatives established by contact lens manufacturers,17–19 suggesting
that more needs to be done to promote these. Given that 39 of 40
participants indicated that manufacturers should consider the envi-
ronmental impact of their products to be a medium or high priority, it
is likely that they would approve of these activities and encourage
further initiatives. Therefore, it is important that patients and practi-
tioners are both made more aware of, and encouraged to take part in,
available contact lens recycling schemes, as not all contact lens
materials or packaging can be recycled in typical domestic recycling
collections.16 Current schemes likely do not address some of the less
conspicuous environmental detriments associated with contact
lenses, such as the impact of shipping lenses with bulkier and/or
heavier packaging. It may be more effective to reduce the amount
of material used and transported, compared with recycling the mate-
rials once used. Of additional note is the importance of perception.
This study indicates that contact lens wearers may overestimate the
environmental impact of contact lenses. As such, the perceived lower
environmental impact of some contact lenses and/or manufacturers
in comparison with others may influence consumer choice, irrespec-
tive of the true environmental impact.
There are a number of strengths and limitations associated with

this study. The randomization and masking of the lenses provided
to the patient and the completion of questionnaires without the
presence of the researchers may be considered as strengths.
Although this decision was related to the COVID-19 pandemic,
participants may be less inclined to feel pressure to respond with
any particular answers. Recruiting over two separate sites with
different demographics also allowed the study to capture the
opinions of a greater range of contact lens wearers within the
United Kingdom, providing a more representative sample.
Limitations of this study include the single in-person appoint-

ment, due to the need to minimize in-person contact. This meant
that assessment of contact lens fit was limited to a single day, with
no opportunity to evaluate lens fit and condition after significant
wear time. It is possible that surface wettability issues and/or
deposition were not captured as a result. In addition, although
attempts were made to mask participants to the contact lens names
and brands by over labeling, it should be acknowledged that this
does not always guarantee full masking. It could have been
possible for participants to identify the lenses if they made the
effort to peel away the over labeling tape. Care was taken to ensure

TABLE 4. Subjective Likert Scores Expressed With Median and IQR of
the Visual Performance of the Test and Control Lenses

Subjective Measures Test Lens Control Lens P*

Vision (overall) 7.00 (IQR 5.00–9.00) 9.00 (IQR 7.00–9.00) 0.002
Distance vision 8.00 (IQR 6.00–9.00) 8.50 (IQR 8.00–9.00) 0.011
Near vision 8.00 (IQR 6.00–9.00) 9.00 (IQR 8.00–10.00) 0.010
Night vision 8.00 (IQR 6.00–9.00) 8.00 (IQR 7.00–9.00) 0.227
Stability of vision 7.00 (IQR 5.00–8.00) 8.00 (IQR 6.00–9.00) 0.008

*Statistically significant result (P , 0.05) with the Wilcoxon
signed-rank test.

IQR, interquartile range.

TABLE 5. Subjective Likert Scores of Lens Handling of the Test and
Control Lenses Expressed as Median and IQR

Subjective Measures Test Lens Control Lens P*

Overall handling 9.00
(IQR 7.00–10.00)

9.00
(IQR 8.00–10.00)

0.733

Ease of insertion 9.00
(IQR 8.00–10.00)

9.00
(IQR 7.75–10.00)

0.413

Ease of removal 10.00
(IQR 8.00–10.00)

9.00
(IQR 7.75–10.00)

0.507

Ease of packaging use 10.00
(IQR 8.00–10.00)

9.00
(IQR 8.00–10.00)

0.693

*Statistically significant result with the Wilcoxon signed-rank test.

IQR, interquartile range.

FIG. 3. Distribution of overall satisfaction Likert scores for the test
and control lenses. Open circles indicate outliers extending more
than 1.5 box lengths.
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that overlabels were difficult to remove, and there would have
been minimal incentive for the participants to attempt this as any
participants interested in the brands trialed were advised they
would be unmasked at the end of the study after collecting their
responses. Nevertheless, previous studies have found that partic-
ipants can identify contact lenses by their packaging, even where
over labeling has been used.29

To mitigate potential bias from answers to the supplementary
questions relating to environmental aspects, participants were
advised that their responses would be completely anonymous.
Nevertheless, the phrasing of the questions or optional answers
may have predisposed participants’ answer choices. Further inves-
tigation into contact lens wearers’ expectations regarding produc-
tion of contact lenses and manufacturers’ environmental
responsibilities would be beneficial.
Participants were primarily those without significant contact lens

symptoms, for example, severe dry eye. Asymptomatic contact
lens wearers are less likely to experience changes in lens comfort
throughout the day, whereas symptomatic contact lens wearers are
more likely to experience a decline in their comfort.30 The aim of
this study was to evaluate lens performance in a typical, healthy
cohort of contact lens wearers. Further investigation, with the
inclusion of more symptomatic contact lens wearers, is recommen-
ded and may reveal subtle differences in comfort between lenses
that the current study was unable to identify. Moreover, it may
have been beneficial for participants to trial all three contact lenses,
rather than only one control.

To the best of the authors’ knowledge, this is the first study that
has investigated the environmental attitudes of participants wearing
contact lenses. It is likely that our demographic of younger contact
lens wearers has influenced these findings, as environmental con-
cern seems to be more common in younger individuals.31 How-
ever, the average age of contact lens wearers globally is 31 years
old,3 which is within our inclusion criteria and within one SD of
mean age. Therefore, it is likely that the opinions observed here
regarding the importance of environmental impact in contact lens
wear will intensify in the future. Going forward, it may be bene-
ficial to further examine contact lens wearers’ opinions of the
environmental burden of contact lens wear and how this influences
their preferred choice of lens. Increasing awareness of manufac-
turer initiatives to reduce the environmental burden of contact lens
wear is recommended.
In conclusion, fitting characteristics were similar between the

Miru 1 Day Menicon Flat Pack Toric lens and the control lens.
Although visual performance appeared reduced, there was a trend
of improved comfort with this lens, particularly for end of day
comfort. This suggests that the flattening of the contact lens due to
the flat pack packaging does not negatively affect lens comfort.
Most participants indicated a preference for this lens, suggesting
that visual performance was not the most influential factor in this
decision. Overall satisfaction is a multifaceted measure of several
factors, including vision, lens handling, and comfort, and further
research on satisfaction in toric contact lenses would help the
understanding of the relationship between these variables.
Almost all participants indicated that the environmental impact

of contact lenses is of importance and that manufacturers should be
concerned about the environmental impact of their products.
Practitioners should be mindful of patients’ attitudes to the envi-
ronmental impact of daily contact lens wear and the importance
they place on this, as environmental impact may be a contributing
factor in patients’ lens choice.
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