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Abstract
Purpose—To compare the effects of existing patient awareness of lens-related complications and
underlying risk factors on actual patient behavior during contact lens wear and care practices in
two different clinical study populations.

Methods—Established contact lens wearers (n=281) completed an anonymous written
questionnaire upon presenting to their habitual eye care practitioner in the Dallas-Fort Worth
(DFW) metroplex. Data were analyzed and compared against a second study population which
was comprised of established contact lens wearers (n=152) who were sequentially evaluated
following their routine contact lens examination at the University of Texas Southwestern Medical
Center at Dallas, TX (UTSW). All patients were questioned regarding his or her lens care
practices and knowledge of complications and risk factors associated with contact lens wear.

Results—58% of patients in the general community could identify by name a complication
associated with lens wear compared to 91% within the medical center. The most frequent
complications reported were related to comfort and handling (72%, DFW) and infection (47%,
UTSW). The majority of patients could correctly identify risk factors associated with lens-related
complications; awareness for topping-off solutions, tap water exposure, and hygiene varied
between groups. Overall, 85% of patients perceived themselves as compliant with their lens wear
and care practices. Using a standard scoring model to determine actual compliance, 2% of patients
demonstrated good compliance; however, only 0.4% of patients were fully compliant with contact
lens wear and care practices.

Conclusions—The data reveals some study bias in complication and risk awareness between
populations; however, despite this limitation, a significant proportion of patients exhibited actual
non-compliant behavior despite acknowledged awareness of risk. While most patients consider
themselves to be complying with standard practitioner guidelines for lens wear and care practices,
essentially all contact lens wearing patients exhibit behavioral non-compliance with resulting
increased risk for significant complications.
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Introduction
Non-compliance with practitioner recommended contact lens wear and care regimens
remains a persistent clinical problem. Historically, overall rates of non-compliance with
contact lens wear are routinely cited in the literature as ranging from 40-91%.1-6 Areas of
non-compliance currently under scrutiny include failure to adhere to recommended wear and
replacement schedules,7-9 inadequate lens and lens storage case hygiene procedures10-18,
and exposure to non-sterile water;17, 19 which has also been repeatedly identified as a
significant risk factor for Acanthamoeba infection.20-22 Even with the high rates of non-
compliance reported, the incidence of severe complications associated with contact lens
wear is relatively low and has remained constant for more than three decades regardless of
changes in lens materials and the introduction of daily disposables and no-rub care
solutions.23-27 While there are no definitive studies linking non-compliant behavior with
increased risk of lens-related complications, high levels of lens case contamination leading
to heavy biofilm formation combined with the inappropriate use of currently available
contact lens care solutions are inarguably suspect. In support of this view, a recent report
evaluating the relationship between non-compliance and lens-related adverse events suggest
a potential correlation with an increased incidence of contact lens-related complications
evident among non-compliant lens wearers.8

Current strategies to improve compliance are limited. Patient education is paramount and
has been the gold standard for decades. Recent findings however, suggest that
recommendations amongst eye care practitioners are highly variable necessitating more
effective practitioner educational programs to eliminate this ambiguity.28 Likewise, the
ability to identify and correct non-compliant behavior is confounded by the fact that many
patients are unaware that their behavior practices are non-compliant.1, 29 We recently
investigated the relationship between patient compliance and awareness of risk factors
associated with contact lens-related adverse events.30 Importantly, findings from that work
suggested that awareness of risk did not influence patient compliance within our study
population. One consideration when interpreting those early findings was the potential for
study bias in ascertaining actual awareness levels among subjects within a university
medical center. To confirm and extend those previous findings, in this study we investigated
the relationship between compliance and awareness of risk associated with contact lens wear
in the general community using an anonymous written questionnaire and compared these
results with our earlier findings from direct patient interviews within a University-based
medical setting.

Methods
Study Population

Two clinical populations were evaluated in this study. In the first population, anonymous
self-reported questionnaires were mailed out to 200 randomly selected optometrists within
the Dallas-Fort Worth (DFW) metroplex between June and August 2010. Optometrists were
selected using a random number generator in Excel from an initial mailing list of 500
practitioners within the DFW metroplex. Optometrists were asked to distribute the
questionnaires to 25 consecutive established contact lens wearers at check in prior to their
examination. Office staff were excluded from participating. To maintain anonymity,
optometrists were not asked to review or confirm any patient information following
completion of the questionnaire. Questionnaires were returned via a self-addressed stamped
envelope and each participating optometrist was asked to specify their type of practice with
respect to a private, stand alone facility or a commercial/retail entity. 281 patients aged 18
and above from 17 different optometric practices participated in the study. For comparative
analysis, a second population of patients seen in a university-affiliated health center used in
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a previously published study was also evaluated.30 In this latter study, patient interviews
were performed between June and August 2009. Only data from patients 18 and up were
included in this report. All participants who had worn contact lenses for less than one month
or for therapeutic purposes were excluded from this study. Approval for this study was
obtained through the Institutional Review Board at the University of Texas Southwestern
Medical Center, Dallas, Texas.

Study Procedures
Participants were given an anonymous self-reported questionnaire and asked to complete
twenty-two questions for information on their demographics, contact lens usage, care
practices, perceived overall compliance, and their knowledge of contact lens-related
complications. To determine perceived compliance, patients were asked the question: Do
you think you are compliant with your contact lenses? To assess knowledge and history of
contact-lens related complications, patients were first asked, on a scale from 1 to 5, with 1
being very uncommon to 5 being very common, to rate the occurrence of contact lens-
related complications. Patients were subsequently asked whether they could name a contact
lens-related complication and whether they had experienced a contact-lens related adverse
event. To determine actual compliance, patients were questioned on their behavior practices,
including method and frequency, using a forced choice design strategy. Actual compliance
was ascertained using a compliance scoring model. To determine awareness of risk, patients
were queried on ten behaviors routinely evaluated as critical factors in compliance as well as
risk factors for contact lens-related adverse events1, 3, 6, 11, 18, 23, 27, 31-36 as to whether they
increased, decreased, had no effect or were unsure of the effect on the risk of having a
contact lens-related complication. Consecutive patients were questioned in both study
populations to eliminate any selection bias. Participation was voluntary and those who did
not complete the questionnaire were excluded.

Statistical Analysis
For the purpose of this study, perceived compliance was defined as whether or not the
patient identified themselves as compliant with their contact lens care. Actual compliance
was defined based upon a compliance score and was then grouped into one of three
categories similar to a previous study by Morgan et al.35 As reported in a prior publication,
the compliance score was calculated for the UTSW population using the number of positive
behavior responses divided by the total number of behaviors analyzed.30 As comparisons
were made between populations, only the 8 behaviors investigated in both data sets were
included. A correct response was identified as “yes” or “no”, frequency of the behavior was
not included in the initial phase of the study. In the DFW self-reported questionnaire,
responses were assigned a score of 0, 1 or 2 depending if the response was considered non-
compliant “0”, partially compliant “1” or fully compliant “2”. For both populations, sleeping
in lenses was considered compliant only if the patient reported that extended wear had been
prescribed by their eye care practitioner. A patient was considered to have good compliance
when receiving a score of 90% or better. Average compliance was defined as receiving a
score of 70 – 89% and poor compliance was defined as 69% or below. For univariate
analysis, Chi-square or Fisher's exact tests were used to investigate if there were significant
differences in categorical variables between groups such as risk factor awareness (does a
factor increase, decrease, have no effect or are not sure on risk of having a contact lens-
related complication) and patient behavior or perceived compliance and behavior. Analysis
of these findings was completed using two levels of behavior (correct response noted as
increased or decreased versus the incorrect response which included no effect and not sure).
Student's t-tests were used to examine if there were significant differences in continuous
variables between two groups (such as age and contact lens wearing years). Statistical
significance was set at p<0.05.
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Results
Demographics of both patient populations are listed in Table 1. There were 281 respondents
from the DFW self-reported questionnaire group and 152 respondents included from the
UTSW patient interview. Of the respondents from the DFW group, 258 (92%) were from
private or stand alone practices. The remaining 8% (23 respondents) were from optometry
clinics in retail settings. The educational profile of the DFW group consisted of 89 (32%) of
respondents having completed 1-3 years of education past high school, 93 (33%) had
completed 4-5 years of college, 56 (20%) had completed 6 or more years, while 34 (12%)
had not received any education past high school. Three percent did not specify. Educational
data was unavailable for the UTSW study population. There was no difference between
gender or type of lens wear between groups. The majority of respondents were soft lens
wearers; 2.8% reported wearing daily disposables. Lens material and modality of disposable
lens wear (2-/4-week) was not included in this study. The DFW population was slightly
younger (p<0.004) compared to UTSW and had correspondingly shorter years of lens wear
experience (p<0.001).

There was a difference between the perceived frequency of contact lens-related
complications between groups (p<0.001). Specifically, respondents within the UTSW group
perceived lens-related complications to occur more frequently than DFW respondents. The
responses are summarized in Table 2. Likewise, in the group that perceived lens-related
complications as more common, a greater number of respondents were able to identify a
complication by name (p<0.001). The predominant complications reported were related to
comfort and handling issues and infection. The proportion of respondents identifying
comfort and handling as a complication when compared to infection also varied between
groups (p<0.001). Awareness of lens-related complications did not appear to be driven by
past history, as there was no difference in the number of positive responses to having had a
complication between groups (p=1.000).

The majority of patients expressed awareness of the risk associated with sleeping in lenses
and replacing lenses less frequently than recommended by their eye care practitioners. When
questioned about solution usage, differences were seen both between and within groups.
Specifically, within the DFW group, there was a significant difference between respondents
reporting awareness on the importance of always using fresh solution compared to
respondents reporting awareness of the risk of topping off their solution in the lens case
(p<0.001). Swimming or participating in water sports, tap water exposure and showering
also indicated areas where awareness levels were not optimum, with only 2/3 of the study
population associating swimming, water sports and tap water as risk factors for contact lens-
related adverse events and an even lower number of respondents correctly identifying
showering while wearing lenses. The findings are summarized in Table 3.

Similar to our previous report, the majority of patients in the metroplex described
themselves as compliant with their contact lens wear and care practices (p=0.955 compared
to UTSW), despite low levels of good compliance. A comparison of perceived compliance
versus actual compliance for each population using a scoring model is detailed in Table 4. A
distribution of the individual non-compliant behaviors performed is listed in Table 5. Water
exposure was the most frequent non-compliant behavior reported. Not included in this list is
showering while wearing lenses, which was reported to occur at variable frequency by 85%
of lens wearers. Calculation of the number of wearers that performed one or more non-
compliant behaviors is shown in Figure 1. The median number of actual non-compliant
behaviors out of the eight behaviors evaluated was 4.
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Discussion
The results from this study indicate that the overwhelming majority of contact lenses
wearers demonstrate a reasonable level of knowledge with respect to compliance with
practitioner recommended wear and care procedures. This was particularly evident with
respect to overall lens usage, the importance of using fresh solution on a daily basis and
regular lens case replacement; however, this study also revealed three areas where education
outside a medical center population may be lacking: topping off solutions, tap water
exposure and hygiene. All of these have been previously identified as modifiable risk factors
for contact lens-related microbial keratitis.20-22, 26 The latter of the three, hygiene, while
statistically significant is not likely clinically significant, as most patients acknowledged the
need for and importance of hand washing before lens handling. Moreover, the difference
between populations is likely reflective of care given in an institutional medical setting,
where hand washing is consistently re-enforced in patient examination rooms and lavatories.
The response to topping off solutions however, warrants future studies, particularly given
that this behavior has been previously implicated as a key factor in a recent outbreak of
contact lens-related fungal keratitis37, 38 and is currently listed on the FDA website as an
important contact lens care warning to patients.39 This also indicates a huge disparity in the
understanding and perception of lens care cleaning regimens, as 90% of patients indicated
the significance of using fresh solution daily, but failed to recognize the importance of
removing pre-existing solution prior to adding new.

Exposure to water during contact lens wear or during cleaning remains has been repeatedly
indicated as a significant risk factor for Acanthamoeba infection.20-22 While historically the
incidence of Acanthamoeba keratitis is relatively low during contact lens wear, these
infections are often devastating and can result in substantial vision loss if not identified early
and allowed to progress to stromal disease.40 In this study, water exposure was broken down
into three categories which included swimming or participating in water sports while
wearing lenses, the use of tap water for lens cleaning, and wearing lenses while showering.
Showering while wearing lenses was recently implicated in the Chicago area Acanthamoeba
outbreak following changes in municipal water disinfection standards.41 In this study, only
one third of the patients queried correctly identified showering as a risk factor. While
swimming and tap water scored much higher, only two thirds of the patients, regardless of
study population, were able to correctly identify either as a risk factor for a contact lens-
related adverse event.

Unlike risk factors that contribute to contact lens-related adverse events, the ability of
patients to identify contact lens-related complications outside a medical center environment
was not as strong. Within the medical center, 91% of patients stated they were able to
identify a contact lens-related complication. In contrast to the medical center practice, a
significantly fewer number of patients were able to identify a lens-related complication and
of those that could, the majority of patients identified issues directly related to comfort and
handling, with dryness being the most frequent response among this category. The
difference in the ability of the two populations to identify complications appeared to be a
bias that existed between these groups of patients. This bias was not directed by patient
history, as there was no difference between the self-reported incidence of a complication for
either group. This apparent bias between study populations is likely reflective of both an
enriched population of medically-trained personnel, student trainees, and biomedical
researchers, as well as a high number of patients with significant pathology due to the
referral-based tertiary care nature of our clinic. This includes a high volume specialty lens
practice for patients with pre-existing ocular disease and post-surgical lens requirements
which may be subject to a higher rate of lens-related adverse events.
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While there were marginal differences in the self-reported incidence of complications
between the two groups, comfort and handling remained the most common for both,
followed by infection. Although handling issues are not categorized clinically as a contact
lens-related complication, respondents in both study groups perceived this as one. Likewise,
the high self-reported incidence of infection in this study compared to the actual established
incidence of culture proven microbial keratitis associated with lens wear is also likely due to
patient perception as no diagnostic criteria were used to ascertain whether an event was a
true infectious event. A more likely scenario involves a patient with a red, irritated eye that
necessitated a clinical visit which may or may not have been directly related to lens wear
and subsequently received some form of topical treatment. Regardless of the underlying
etiology of the event, these were perceived by lens wearers as contact lens-related events
and in this study, appeared to have no bearing on their subsequent behavior.

The second important finding in this study lies in the overall impression of both populations
that they maintain good compliant practices, despite overwhelming low actual compliance
scores. This observation was valid for both study populations examined. Significantly,
approximately 85% of patients in both groups, when asked reported they were compliant
with lens wear and care practices. When actual behavior was examined using a binary scale
(yes or no), more than 10% of patients were identified that exhibited good levels of
compliance.30 In contrast, when behavioral practices were stratified by frequency and/or
methodology, the level of actual good compliance rapidly declined to 2%, which more
closely approximates a recent study out of the UK demonstrating levels of compliance
ranging from 0.3% for daily lens wear and 2.7% for extended wear.35 In terms of actual
behaviors, water exposure was the most common behavior reported, followed by sleeping in
lenses, stretching lenses longer than recommended, failing to wash hands or replace the lens
case, and lastly, solution misuse. In this study 47% of patients reported never replacing their
lens case or only replacing their case if given a new case by their eye care practitioner at
their yearly visit. This finding is also in close agreement with a recent study on lens storage
case compliance which found that 48% of patients reported replacing their lenses cases
annually or longer.10

While organisms cultured from the cornea during an active microbial keratitis are often also
recovered from the lens storage case, the clinical significance of regular case replacement in
reducing the incidence of contact lens-related adverse events has not yet been established.
Previous studies have shown that up to 81% of lens storage cases are contaminated and age
of the lens case has been identified as a predisposing factor in microbial contamination with
cases 9 months or older have the highest rate of contamination.12, 42-45 This is in agreement
with studies in our laboratory that support that lens storage cases 9 months or older have
high levels of protein and cellular debris which form a scaffold that enhances Pseudomonas
aeruginosa adherence and subsequent biofilm formation (unpublished data). Biofilm
formation in the lens storage case presents challenges, as currently available multipurpose
solutions have reduced efficacy against heavier, mature biofilms in lens storage
cases.44, 46, 47 While we did not assess cleaning regimens in this study, the need for
practitioners to begin educating their patients on the need for lens case replacement appears
paramount and should be reinforced at each follow-up visit.

A recent report by Dumbleton et al.8 suggests that a relationship exists between poor
compliance with contact lens wear and care regimens and contact lens-related
complications. In this study, when we assessed the frequency of non-compliant behaviors
performed by patients, the average contact lens wearer only performed 50% of the
recommended behaviors and only 1 patient was fully compliant, indicating a compliance
rate of 0.4% in the population. This number is lower than the 2% reported in our scoring
model, but it must clarified that the scoring model which assigned a score of 0, 1 or 2 points
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depending on the frequency of the behavior, considered a score of 90% and above to be
compliant which accounts for this disparity. Given the overwhelming majority of patients
that correctly identified risk factors, a compliance rate of 0.4% indicates that awareness of
risk alone is not a driving factor establishing compliant behavior.

One of the primary limitations in this study is the small sample size. While a large number
of practitioners were invited to participate, despite follow-up by the study coordinator, only
17 practitioners returned completed questionnaires. The randomized method of practitioner
selection which encompassed a relatively large area was used to minimize any selection
bias. Regardless of a relatively small sample size, there were detectable differences in
overall patient knowledge of complications and risk awareness between the two populations
evaluated. In agreement with our previous study however,30 there remained a significant
proportion of patients that exhibited non-compliant behavior despite awareness of risk.
While most patients considered themselves to be compliant with lens wear and care
practices, essentially all contact lens wearing patients exhibited some level of non-
compliance. This study identifies potential areas that may benefit from increased patient
education; however, while education alone may stimulate a short term improvement in
compliance, it is not likely to significantly sustain behavior in the long term.11, 48, 49 Non-
compliant behavior continues to hinder efforts to maximize contact lens safety. New
strategies and approaches to effectively modify inherent patient non-compliance are urgently
needed.
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Figure 1.
Frequency distribution of the number of non-compliant behaviors reported in the DFW
population. Only the eight behaviors used in the determination of actual compliance have
been included. The average contact lens wearer is compliant with 50% of the behaviors
assessed in this study. Only 1 patient was fully compliant with all eight behaviors (n=281).
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Table 1
Wearer demographics

DFW
n (%)

UTSW
n (%)

Gender

 Male 99 (35) 51 (34)

 Female 182 (65) 101 (66)

Age (years)

 Mean ± SD 36 ± 14 40 ± 14

 Range 18 - 73 18 - 75

Lens type

 Soft 246 (88) 128 (84)

 Rigid 13 (5) 22 (14)

 Specialty 1 (<1) 2 (1)

 Not specified 21 (7) NA

Lens wear experience

 Mean ± SD 15 ± 10 18 ± 12

 0-2 15 (5) 12 (8)

 3-5 38 (14) 10 (7)

 6-10 80 (29) 29 (19)

 >10 143 (52) 101 (66)
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Table 2
Past history and awareness

DFW
n (%)

UTSW
n (%) p value

How common are contact lens-related complications?*

 1 128 (47) 34 (24)

 2 81 (29) 44 (24)

 3 35 (13) 56 (39)

 4 9 (3) 13 (9)

 5 22 (8) 6 (4)

 Mean score 2.0 2.5 <0.001

Can you name a complication?

 Yes 160 (58) 139 (91)

 No 118 (42) 13 (9) <0.001

If so, what?

 Comfort & handling 115 (72) 50 (36)

 Infection 31 (19) 65 (47) <0.001

Have you had a complication?

 Yes 112 (41) 63 (41)

 No 161 (59) 89 (59) 0.909

If so, what?

 Comfort & handling 70 (63) 23 (37)

 Infection 18 (16) 18 (29) 0.011

*
Grading scale: 1 = very uncommon; 5 = very common

Optom Vis Sci. Author manuscript; available in PMC 2012 December 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Robertson and Cavanagh Page 13

Table 3
Risk factor awareness

Risk Factor DFW
n (%)

UTSW
n (%)

p value

Lens usage

 Sleeping in lenses 257 (92) 141 (93) 1.000

 Replacing less frequently than recommended 225 (82) 138 (91) 0.098

Solutions

 Using fresh solution 248 (90) 149 (98) 0.037

 Topping-off 151 (54) 145 (95) <0.001

Water exposure

 Swim/water sports 170 (62) 106 (70) 0.296

 Tap water 200 (72) 134 (88) 0.008

 Showering 102 (36) NA -

Lens case replacement 228 (82) 126 (83) 1.000

Hygiene 250 (90) 152 (100) 0.004
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Table 4
Perceived versus actual compliance

DFW
n (%)

UTSW
n (%)

P value

Perceived compliance 0.955

 Yes 237 (85) 132 (86)

 No 36 (13) 21 (14)

 Not specified 7 (3) N/A

Actual compliance <0.001

 Good 5 (2) 15 (11)

 Average 36 (13) 80 (57)

 Poor 240 (85) 46 (33)
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Table 5
Non-compliant behavior

Non-compliant Behavior DFW
n (%)

Lens usage

 Sleeping in lenses

  Naps, once or less per week, once or more per week 158 (56)

 Lens replacement frequency

  Few extra days, a week or more longer than recommended 146 (52)

Solutions

 Using fresh solution

  Never or occasionally re-use 79 (28)

 Topping-off

  Occasionally or every night 118(42)

Water exposure

 Swim/water sports

  Occasionally or always 181 (64)

 Tap water

  All water exposure 161 (57)

  Lenses only 25 (9)

  Case only 146 (52)

Lens storage case

 Replacement frequency

  Never or only if Dr. gives new case at yearly visit 131 (47)

Hygiene

 Hand washing before handling lenses

  Never, occasionally or at least with water 139 (49)
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