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Abstract
Purpose: Contact lens discomfort continues to be reported as the primary reason
for soft lens discontinuation, regardless of new modalities and materials. The purpose of this analysis of comfort related data from a series of clinical studies was to
review whether there was a difference between symptomatic and asymptomatic
habitual lens wearers’ comfort responses over the course of the day.
Methods: Data from five independent non-dispensing clinical studies were
pooled and analysed. Participants in these studies were assigned to one of two
groups depending on whether they were classified as symptomatic or asymptomatic contact lens wearers according to a modified Subjective Evaluation of
Symptoms of Dryness (SESOD) questionnaire. Masked participants were randomised to wear either a hydrogel or a silicone hydrogel contact lens and their
ocular comfort was rated using a visual analogue scale on insertion and 2-hourly
during an 8-hour period of a single lens wearing day.
Results: Data from 103 participants were used, 58 in the symptomatic group and
45 in the asymptomatic group as determined by the SESOD questionnaire. There
was no effect of lens material on comfort (p = 0.43). However, there was a significant interaction between symptoms and time. The difference in mean comfort
between the symptomatic and asymptomatic group was significant at each time
point (p < 0.05). However, comfort did not vary significantly over the day for the
asymptomatic group (p = 0.87), whereas, there was a significant decline in mean
comfort ratings for the symptomatic group from 84.6  13.2 (S.D.) at insertion
to 73.0  18.5 at 8 hours (p < 0.001).
Conclusions: In our study, changes in contact lens comfort over a day were independent of lens material but not symptoms. Symptomatic lens wearers reported a
progressive decrease in comfort, whereas asymptomatic wearers did not. Therefore, asymptomatic wearers should not be used when measuring contact lens comfort in clinical studies. The exclusion of asymptomatic lens wearers would likely
increase the sensitivity of comfort ratings as a measure in contact lens research.

Introduction
Contact lens discomfort (CLD) has been reported as the
primary reason for discontinuation of soft lens wear.1–3
This is despite the introduction of innovations such as silicone hydrogel materials4 and single use daily disposable
lenses.3 In a recent review of the contact lens literature
some authors reported an improvement in comfort by
changing lens materials while others reported an alternate

effect.5 At best CLD reduces the comfortable wearing time
of the patient, both over the day as well as over the life of
the lens. The use of lubricating drops may help the patient
to sustain wear and/or the patient simply has to tolerate
lens discomfort.6–8
CLD has been such a challenge to the contact lens industry that the Tear Film and Ocular Surface Society (TFOS)
conducted a workshop to review the condition by staging a
discussion platform for clarification of CLD and to
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establish a knowledge base.9 The TFOS International
Workshop on Contact Lens Discomfort developed a definition of contact lens discomfort as ‘a condition characterised
by episodic or persistent adverse ocular sensations related
to lens wear, either with or without visual disturbance,
resulting from reduced compatibility between the contact
lens and the ocular environment, which can lead to
decreased wearing time and discontinuation from contact
lens wear’. The conclusion was that CLD is a poorly characterised condition with little known about its temporal progression.10
CLD is associated with ageing of the lens but it also
occurs over the day of wear.3,11–15 Patients have been
reported to wear their lenses for total wearing times that
exceed their comfortable wearing time.16 It is not unreasonable to suspect that both end of day discomfort and discomfort associated with the lens age would contribute to
patient dissatisfaction from lens wear.11,13 Papas et al.11
demonstrated that lens discomfort towards the end of the
day was not influenced by lens replacement midway
through the day of wear, suggesting comfort decrements
where not caused by changes occurring to the lens but may
be a fatigue like response in neophyte participants. In analysis of a number of clinical studies investigating the performance of silicone hydrogel lenses Truong et al.17
concluded that excessive lens movement, poor fit, detrimental surface characteristics, inferior corneal staining and
the Asian eye were all factors contributing to CLD.
The Centre for Contact Lens Research at the University
of Waterloo conducted a series of contact lens studies
investigating lens comfort over a day of wear. These studies
utilised the same study design but investigated a variety of
different lenses, both hydrogel and silicone hydrogel. The
purpose of the analysis reported here was to assess CLD
over the course of a day from five of these studies that
included ‘successful’ habitual contact lens wearers. From
this analysis it was hoped to contribute additional information to the literature on:

was undertaken. These studies followed similar protocols
with regard to masking, randomisation, lens wearing periods, comfort rating collection and participant recruitment.
In these studies, two different lens types were worn for a
single day over an 8-hour period. Lens fit, vision and physiological responses were monitored as well as the study participants’ comfort rating at insertion and every 2 hours
thereafter up to the 8-hour time point.
The lenses under investigation were approved medical
devices fabricated in either hydrogel or silicone hydrogel
materials. For this manuscript the data relating to contact
lens comfort are reported.
Study participants
For all studies, ethics clearance was obtained through the
Office of Research Ethics at the University of Waterloo.
Participants provided written informed consent before
entering the study. All participants were treated in accordance with the tenets of the Declaration of Helsinki and the
studies were conducted according to Good Clinical Practice
Guidelines. Successful habitual soft lens wearers were
recruited. Habitual was defined as having worn lenses for
more than the 6 months prior to recruitment. Study group
assignment (Figure 1) was based on a declaration that the
participants were able to wear their habitual contact lenses
for more than 8 hours. The participants were stratified into
two groups: Those that developed symptoms relating to
lens wear after 8 hours, the symptomatic group and those
that did not report symptoms relating to lens wear, the
asymptomatic group.
For participant recruitment, the intensity of symptoms
from lens wear was assessed using an adapted version of

Poten al par cipants
Study eligibility:
Successful lens wearers; WT ≥8 hours

•
•

how contact lens comfort changed over a day of wear;
whether the change in comfort could be characteristic
of specific lens materials and;
• whether the change in comfort differed between symptomatic and asymptomatic lens wearers.
To our knowledge this is the first time all of these factors
have been addressed in a single analysis from a pooled data
source.

SESOD
(0–4)

Asymptoma c group
(0–1)

Not
eligible
(2)

Randomised

Symptoma c group
(3–4)
Randomised

Methods
Study design
A review of the data from five studies conducted within a
12-month period at the Centre for Contact Lens Research
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Figure 1. Flow chart of participant review and group assignment.
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the Subjective Evaluation of Symptoms of Dryness
(SESOD) questionnaire.18 The adaptation of the SESOD
questionnaire was within the stem of the question only,
where ‘your contact lenses’ replaced ‘the symptoms of dryness’, see Figure 2.
The SESOD questionnaire was selected as it has been
demonstrated to be an effective screening tool to discriminate study participants.19 The group assignment was based
on the intensity of their symptoms as follows:

•
•
•

SESOD grading of 0 or 1 = Asymptomatic group,
SESOD grading of 2 = not assigned to a study group
and,
SESOD grading of 3 or 4 = Symptomatic group.

Randomisation and masking
For all studies, once participants were classified as either
symptomatic or asymptomatic they were randomised to
wear either hydrogel lenses or silicone hydrogel lenses. Both
the participant and the investigator were masked from
group assignments; Asymptomatic or Symptomatic group
and Hydrogel or Silicone hydrogel lens group (Figure 1).
Comfort ratings
Participants were asked to rate the comfort of the study
lenses using a visual analogue scale, which was then converted to a numerical 1–100 rating, where 1 was very poor
(unwearable) and 100 represented excellent (not aware of
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the lens). After lens insertion, lens comfort was then
assessed every 2 hours for an 8-hour period.
Data review and statistical analysis
Data were collated using Microsoft Excel, with statistical
analyses being performed using SPSS (IBM). A two-way
repeated measures ANOVA was conducted to determine
whether or not there were statistically significant differences
in comfort, with ‘time’ as the within factor, and ‘symptom
group’ and ‘lens material’ as the between factors.
Interaction terms were investigated and, where significant, simple main effects were determined and analysed.
Post-hoc tests of all pair-wise comparisons were conducted
using the Bonferroni test. An a level of less than or equal to
0.05 was considered statistically significant. Finally, error
bars in figures represent the 95% confidence intervals
(1.96 9 S.E.).
Results
Data from 103 participants were eligible for analysis. Fiftyeight participants formed the symptomatic group and 45
formed the asymptomatic group, as determined by the
SESOD questionnaire. Participants were then randomly
assigned to wear hydrogel or silicone hydrogel contact
lenses, Table 1.
All participants completed the study by wearing the
assigned lenses over the 8 hours on the study day, with
comfort ratings (1–100) successfully recorded following

Figure 2. The adapted SESOD questionnaire.
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Table 1. The distribution for study participants between lens material
and their Symptomatic and Asymptomatic study groups

Total (n)
Hydrogel material group (n)
Silicone hydrogel material
group (n)

Symptomatic
group

Asymptomatic
group

58
29
29

45
24
21

insertion and then at 2, 4, 6 and 8 hours of lens wear by all
participants.
Comfort ratings
For the comfort rating data the assumptions for use of
repeated measures ANOVA were checked and it was found
that the assumption of sphericity was violated, as assessed
by Mauchly’s test of sphericity, (v2 = 145.3, p < 0.001).
Therefore, a Greenhouse-Geisser correction was applied
(e = 0.60).
The results of the repeated measures ANOVA for the comfort ratings as the dependent variable are reported in
Table 2.
There was no significant main effect of lens material
(p = 0.43). However, there was a statistically significant
interaction between symptom group and time (p < 0.001),
as evident in Figure 3. An analysis of the simple main
effects and pairwise comparisons showed a statistically significant difference between the Symptomatic and Asymptomatic groups at each time point (p < 0.01), from lens

Table 2. Results of the repeated measures ANOVA for comfort over time,
with between group factors of ‘symptom group’ and ‘lens material’
Source of
variation
Time
Time 9 Symptom
Group
Time 9 Lens
Material
Time 9 Symptom
Group 9 Lens
Material
Error (Time)
Symptom Group
Lens Material
Symptom Group 9
Lens Material
Error (Symptom
Group 9 Lens
Material)

646

Sums of
squares

Mean
square

df

F

p

3819.8
2282.1

2.4
2.4

1589.9
949.9

15.4
9.2

<0.001
<0.001

112.2

2.4

46.7

0.5

0.67

376.4

2.4

156.7

1.5

0.22

24 564.6
16 872.3
314.6
93.3

237.9
1
1
1

103.3
16 872.3
314.6
93.3

34.4
0.6
0.2

<0.001
0.43
0.66

48 503.2

99

489.9

Figure 3. The comfort ratings for both the asymptomatic participant
group (A H+SH) and the symptomatic participant group (S H+SH) with
the lens materials combined.

insertion to the 8-hour time point. However, the change in
comfort with time for the Asymptomatic group was not
statistically significant, from a mean of 91.0  9.8 (S.D.) at
insertion to a mean of 90.6  7.8 at 8 hours (p = 0.87).
Whereas, there was a statistically significant decline in comfort ratings for the Symptomatic group, from a mean of
84.6  13.2 at insertion, to a mean of 73.0  18.5 at
8 hours (p < 0.001).
Discussion
The analysis presented here suggests that decreasing contact
lens comfort over the first 8 hours of wear is not related to
material type, hydrogel vs silicone hydrogel. In the literature the view is mixed regarding a comfort advantage
between hydrogel and silicone hydrogel materials.5,20,21
Considering our comfort data combined for both materials it appears that the Asymptomatic group remained
comfortable during the 8 hours of wear as there were no
time dependent differences. However, the Symptomatic
group was different from the Asymptomatic group as their
comfort ratings obviously decreased over the course of the
day. It is important to appreciate that while comfort
decayed during the 8 hours for the Symptomatic group the
rating after 8 hours of lens wear was still reasonably high at
73  18.5. This high score probably reflects the fact that
these participants were able to wear their lenses habitually
in a satisfactory manner. An oddity of this study was the
apparent lower comfort rating for the Symptomatic group
(84.6  13.2) compared to the Asymptomatic group
(91.0  9.8) at the lens insertion time point. Although this
difference was statistically significant, it might not be considered clinically meaningful. Papas et al.22 reported that
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the just noticeable difference between groups needed to be
7–8 points on a similar 1–100 numerical scale.
The decay in comfort in the Symptomatic group did not
occur until after the 2-hour time point, the decay progressing thereafter. Changes in comfort over the day may occur
in several ways including being confined to the end of the
day or a gradual decline over the day. Our data supports a
gradual decline, suggesting that ‘comfortable wearing time’
does not reflect the graded nature of the change in comfort.
Our study suggests a level of discomfort exists in symptomatic lens wearers throughout the day and supports previously reported data suggesting lens wearers persist with
lens wear beyond their comfortable wearing time.16
Some studies investigating lens comfort choose not to
recruit participants by their experience and level of symptoms, often combining habitual lens wearers with neophytes.11,23 The challenge is to create a participant group
that is sensitive enough to demonstrate a difference or be
able to notice a change in their symptoms. An experienced
symptomatic group of lens wearers’ demonstrates substantial change over time compared to an asymptomatic group,
as reported here. If the two groups had not been differentiated, then asymptomatic wearers comfort data would have
dampened the lens comfort rating changes over time and
negated the effect. The results from our study clearly show
the importance of the separation of participants by symptoms. Similarly, the use of neophytes in such studies
requires caution. Naduvilath et al.24 found neophytes consistently reported lower levels of comfort in comparison to
lens wearers. The reasons for the absence of a change in
comfort over time for asymptomatic wearers compared to
symptomatic wearers, remains unclear. Two possible considerations may be that asymptomatic participants either
lack the ability or an awareness to detect change or they
genuinely may not have a change in comfort.
With the majority of lens wearers discontinuing lens
wear due to decreasing comfort towards the end-of-day,
understanding CLD is important. Any approach to understanding CLD needs to consider a variety of factors; Dumbleton et al.3 reported that there was a link between
comfort and over-wearing lenses beyond their expected
life cycle. Papas et al.11,12 focussed on the discomfort
reported over the course of a day by reviewing the impact
lens replacement had on comfort. They concluded discomfort was not related to wearing recycled lenses or
replacing the lens with a new lens during the course of
day but more likely an ocular fatigue response and subsequently reduces the wearing time leading to lens drop-out.
Navascues-Cornago et al.13 suggested that the decline in
comfort over time (12 hours) was more likely due to
changes to the ocular environment rather than a lens
effect. Stapleton et al.25 concluded from their literature
review on neurobiological mechanisms for CLD that it
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was likely multifactorial and complex. Certainly the results
from our study assert that the lens material does not play
a role in changes to comfort ratings, for hydrogel vs silicone hydrogel lenses.
In our analysis we used an adapted SESOD questionnaire in an attempt to produce two participant groups that
were differentiated by symptoms (Figure 1 and Table 1).
The selection of those who graded the SESOD questionnaire as 0 or 1 were considered to be asymptomatic, those
who graded 2 were excluded and those grading 3–4 as
symptomatic participants has been shown here to be effective, or was at least able to successfully create two groups
of participants who utilise a visual analogue scale in a similar way (Figure 2). The data in this study demonstrates
that the adapted SESOD was an effective recruitment tool
to separate symptomatic and asymptomatic contact lens
wearers.
Study limitations
The conclusions drawn in this manuscript may require a
modicum of caution due to some limitations in the data.
While the pooled data were taken from five studies of similar protocol some variance may still have occurred between
these studies, even though the same investigator was used
to collect the data. The data for all hydrogel lens brands
were pooled as were the data for the silicone hydrogel
brands, an assumption being made that each lens material
type behaved similarly, this may not have been the case.
Finally, the data were only collected up to 8 hours of lens
wear and so conclusions regarding what changes may occur
for either study group beyond that could not be derived.
Conclusion
In our study, changes in contact lens comfort over a day
were independent of lens material but not symptoms.
Symptomatic lens wearers reported a progressive decrease
in comfort, whereas asymptomatic wearers did not. Therefore, asymptomatic wearers should not be used when measuring contact lens comfort in clinical studies. The
exclusion of asymptomatic lens wearers will likely increase
the sensitivity of comfort ratings as a measure in contact
lens research.
Disclosure
The authors report no conflicts of interest.
Acknowledgements
The Centre for Contact Lens Research, University of
Waterloo, Canada for facilitating and conducting these

© 2016 The Authors Ophthalmic & Physiological Optics © 2016 The College of Optometrists
Ophthalmic & Physiological Optics 36 (2016) 643–648

647

Temporal changes in CL comfort over a day of wear

C A Woods et al.

studies. Drs Doris Richter and Dominik Papinski for their
significant contribution to the data review and analysis.
This paper was presented in part at the American Academy
of Optometry conference (e-abstract 80115).

15.

References
1. Weed K, Fonn D & Potvin R. Discontinuation of contact
lens wear. Optom Vis Sci 1993; 70: 140.
2. Pritchard N, Fonn D & Brazeau D. Discontinuation of contact lens wear: a survey. Int Contact Lens Clin 1999; 26: 157–
162.
3. Dumbleton K, Woods CA, Jones LW & Fonn D. The impact
of contemporary contact lenses on contact lens discontinuation. Eye Contact Lens 2013; 39: 93–99.
4. Fonn D. Targeting contact lens induced dryness and discomfort: What properties will make lenses more comfortable. Optom Vis Sci 2007; 84: 279–285.
5. Guillon M. Are silicone hydrogel contact lenses more comfortable than hydrogel contact lenses? Eye Contact Lens
2013; 39: 86–92.
6. Nichols JJ, Ziegler C, Mitchell GL & Nichols KK. Selfreported dry eye disease across refractive modalities. Invest
Ophthalmol Vis Sci 2005; 46: 1911–1914.
7. Dumbleton K, Woods CA, Jones L, Richter D & Fonn D.
Comfort and vision with silicone hydrogel lenses: effect of
compliance. Optom Vis Sci 2010; 87: 421–425.
8. Dumbleton K, Woods CA, Jones L & Fonn D. The relationship between compliance and lens replacement and contact
lens related problems in silicone hydrogel wearers. Contact
Lens & Anterior Eye 2011; 34: 216–222.
9. Nichols JJ, Willcox MDP, Bron AJ et al. The TFOS International Workshop on Contact Lens Discomfort: executive
Summary. Invest Ophthalmol Vis Sci 2013; 54: 7–13.
10. Nichols KK, Redfern RL, Jacob JT et al. The TFOS International Workshop on Contact Lens Discomfort: report of the
definition and classification subcommittee. Invest Ophthalmol Vis Sci 2013; 54: 14–19.
11. Papas EB, Tilia D, Tomlinson D et al. Consequences of wear
interruption for discomfort with contact lenses. Optom Vis
Sci 2014; 91: 24–31.
12. Papas E, Tilia D, McNally J & de la Jara PL. Ocular discomfort responses after short periods of contact lens wear.
Optom Vis Sci 2015; 92: 665–670.
13. Navascus-Cornago M, Morgan PB & Maldonado-Codina C.
Effect of three interventions on contact lens comfort in

648

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

symptomatic wearers: a randomised clinical trial. PLoS One
2015; 10: e0135323.
Fonn D & Dumbleton K. Dryness and discomfort with silicone hydrogel contact lenses. Eye Contact Lens 2003; 29:
S101–S104; discussion S115–108, S192–104.
Fonn D, Situ P & Simpson T. Hydrogel lens dehydration
and subjective cpmfort and dryness ratings in symptomatic
and asymptomatic contact lens wearers. Optom Vis Sci 1999;
76: 700–704.
Keir N, Woods CA, Dumbleton K & Jones L. Clinical performance of different care systems with silicone hydrogel contact lenses. Cont Lens Anterior Eye 2010; 33: 189–195.
Truong TN, Graham AD & Lin MC. Factors in contact lens
symptoms: evidence from a multistudy database. Optom Vis
Sci 2014; 91: 133–141.
Simmons P, Vehige J, Carlisle C & Felix C. Comparison of
dry eye in self-described mild and moderate patients. Invest
Ophthalmol Vis Sci 2003; 44: ARVO E-Abstract 2448. http://
www.arvo.org/AM/Abstracts/ARVO_Abstract_Citation_Statement/.
Simpson TL, Situ P, Jones LW & Fonn D. Dry eye symptoms
assessed by four questionnaires. Optom Vis Sci 2008; 85:
692–698.
Young G, Chalmers R, Napier L, Hunt C & Kern J. Characterising contact lens-related dryness symptomsin a cross section of UK soft lens wearers. Cont Lens Anterior Eye 2011;
34: 64–70.
Chalmers R, Hunt C, Hickson-Curran S & Young G.
Struggle with hydrogel contact lens wear increases with
age in young adults. Cont Lens Anterior Eye 2009; 32:
113–119.
Papas EB, Keay L & Golebiowski B. Estimating a just-noticeable difference for ocular comfort in contact lens wearers.
Invest Ophthalmol Vis Sci 2011; 52: 4390–4394.
Dumbleton K, Keir N, Moezzi A, Feng Y, Jones L & Fonn D.
Objective and subjective responses in patients refitted to
daily-wear silicone hydrogel contact lenses. Optom Vis Sci
2006; 83: 758–768.
Naduvilath T, Papas EB & Lazon de la Jara P. Demographic
factors affect ocular comfort ratings during contact lens
wear. Optom Vis Sci 2016; 93: 1004–1010.
Stapleton F, Marfurt C, Golebiowski B et al. The TFOS
International Workshop on Contact Lens Discomfort:
report of the subcommittee on neurobiology. Invest Ophthalmol Vis Sci 2013; 54: 71–97.

© 2016 The Authors Ophthalmic & Physiological Optics © 2016 The College of Optometrists
Ophthalmic & Physiological Optics 36 (2016) 643–648

