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Abstract

Purpose: Contact lens (CL) materials, modalities of wear and replacement, and care systems have
changed considerably since the early studies of CL compliance watreofirducted. Silicone

hydrogel (SiHy) and daily disposable (DD) lenses are now the most popular lenses worn worldwide
and the care systems that are currently available for them have been designed to be straightforward to
use. The purpose of this reseawds to investigate patient knowledge of and compliance with the use

of these contemporary CLs and care products, to determine whetheomphant CL wearers

experience ocular complications relating to lens wear more frequently and are more likely to
dismntinue lens wear, and to try to determine the factors that may constrain or enable patients to

follow recommendations for appropriate lens wear and care.

Methods: There are many ways in which compliance can be assessed in health care. Several different

methodologies were employed during this research:

1 A questionnaire was administered to just over 100 current lens wearers to determine whether
photographic aids would help them to recognize which products they were using.

9 More than 500 contact lens (CL) weravere recruited by their eye care practitioners
(ECPs) and mailed a questionnaire designed to evaluate their compliance with contact lens
wear and care and to determine whether they had experienced any contact lens related
complications which may have @arred as a result of nesompliance.

9 Close to 5000 Current and lapsed CL wearers in Canada were recruited using Facebook to
take part in an on line survey investigating CL wearing experiences during 2008 and

to establish the percentage of particizawvho temporarily and permanently discontinued CL



wear during the period surveyed, the reasons for discontinuation and whether compliance
with lens wear and care may have played a role.
1 ECPs and patients independently completed more than 2000 linkstibgnaires evaluating
their contact lens wear and care. In addition the frequency with which patients attended their
ECPb6s office for eye examinations was assess:¢
relationship between this and their patient s/
1 More than 800 daily disposable contact lens (DDCL) wearers in four countries completed an
online questionnaire designed to investigate how frequently they reused their lenses, the
reasons for reuse and how the lenses were stored between uses.
1 Quantitative (online questionnaire) and qualitative (focus groups) research methods were
used to explore in detail the lens wear and care habits of adapted contact lens wearers in an
attempt to seek a better understanding of what enables and constrains patie@incempth

appropriate lens wear and lens care.

Results: The rates of norwompliance with the wear of contemporary CLs were found to be similar to

those previously reported. Naompliance with recommendations for CL replacement was shown to

be associatediwt h a hi gher rate of CL r el atcut ¢ rfodrl e ms.
reasons of discomfort and dryness with their lenses but the drop out rates were not found to be

different between compliant and roompliant CL wearers. Patients who were 1«wcompliant with

|l ens replacement were found to attend their ECPSH
the most compliant with lens replacement; however, some did report reusing these lenses and sleeping
overnight in them. Focus group participawere able to provide a greater insight into why-non

compliant behaviour occsiin CL wearers with the most frequently occurring themes identified as the



fconsequencesodo t hat rmaempliad with ane orimbre gs@edts oktheir ontaetr e  n o
|l ens wear and the i mportance of receiving Ainstr
and care for their lenses. Most of the themes that emerged from this qualitative research study were

both constraints to, and enablers of, compliance.

Conclusions: Compliance with contemporary CLs and care products remains pooccasgpliant

behaviour can result in serious complications and patients may not always be aware of this. Careful
counseling and education on the risks associated with CL wear isecetpuprovide patients with a

better lens wearing experience and continued successful contact lens wear. ECPs and the contact lens
industry can hopefully apply this greater understanding of why patients fail to wear and care for their
lenses as they shiouandto help them develop strategies and tools to aid compliance and success in

contact lens weatr.
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Chapter 1

|l nt rocucti o

iKeep watch also on the faults of the patients,

prescribedo

Hippocrates.q. 460 BCi c. 370 BG

1.1 Terminology

Although failure to follow instructions by patients is recognized to be pervasive in tregeraent of
many healtkrelated conditions, there has been considerable confusion regarding the terminology that
is most appropriate to describe this concept and many different terms and definitions have been used

to describehis behaviour

Compliance
Thet i tl e of this thesis is APatient compliance wi
contact |l ens wear. o0 The term Acomplianced comes

and therefore to complete an action, transaction, or pg@rabto fulfill a commitment or promise. It

is defined in the Canadian Oxford Dictionargs:

iThe act or an instance of complying: obedi en:
iNecnompl i anced is defined as:
AiFailure to comply, a |l ack of compliance. 0

The mosrelevant definition of compliance in health care is arguably:



iThe extent to which a personés behaviour (in

executing lifestyle changes) coincides with medical or health ad¥ice

The t e+«momih dowasricsteniroduced as an official Medical Subject Heading (MeSH) in

the US National Library of Medicine in 1975.

Adherence

Unfortunately Acomplianced has a negative connot
compl i anced miye afalureonréfusal o complyeadd implies disobedience.

I n sever al health care disciplines the term fAadh

behaviours with respect to taking medication or following a prescribed treatmemhds ¢mm the
Latin word adhaerere, meaning to cling to, keep close, or remain corstentding tothe World

Health Organization (WHOY,the term adherence may be defined as:

AiThe extent t o wh i-w@kingmedipaion Jotowitigsa dilbirellora v i or
executing lifestyle changes, corresponds with agreed recommendations from a health care

provider. 0

This definitionencompasses both interventional and therapeutic treatment regimens and emphasizes

the importance of the relationship between theepatind the health care provider. The main

di fference between these two terms is that adher
treatment process whereas compliance suggests that the patient may only be passively following the

recommendgons given to them by their health care provider.



Concordance

A relatively new term which has started to be used to expahpatientand doctomactions is
fi c o nc o r*8CGomaeraance impliethat theclinician andthe patient should come to an
agreement, as equal partneabput themanagement plathat the patient wilfollow. It has been

defined as:

Concordance is a shared process leading to an agreement between the patient and prescriber
about the aims of treatment and how these are achi@wdprocess enables the patient to

participate fully and to influence the outcorie.

Some concerns have been expressed about this approach héwimeer this may not be possible for
all patients and it is difficult to identify which patients would bérfebm participation in making
these decisions and from an ethical standpoint, a greater emphasis should arguably be placed on the

decisions of thelinician. *°
Persistence

The term fipersistenceodo descri bes ofmapatsorftd er ent par

continueto follow a prescribed treatment for the intended course of therapy:
fiTheduration of time from initiation to discontinuation of therap§'

Persistence is particularly relevant in the management of chronic diseases, wherentagrapy

continue for months, years, or even the person's lifetime. In some respects, an analogy could be made
between contact lens wear and the management of a chronic disease. A person would be classified as
bei ngpdmoinst ent 06 i f reseriptoom or Stdpsetakingeaprescription | | s a p

prematurely.



Terminology adopted for this thesis

An assessment of the various terms used to describe compliance was given by Eginlstein

reported that:

ANo ot her s i n ghhsdbeewavailable aspreferred/sabsstitute for compliance.
Adherence seems too sticky; fidelity has too many other connotations; and maintenance
suggests a repair crew. Although adherence has its adherents, compliance continues to be the

most popular term, for lack ofanytn g bet t er . 0

The majority of publications in eye care and contact lenses use the term compliance to describe
patient behaviour with respect to following prescribed treatment, and for the remainder of this thesis,

the terms compliance and neompliance wil be used.

1.2 Non-compliance in health care

Although noncompliance in health care has been recognized for hundreds sfi{/eas not until

the 1970s that academics first starting investigating the problem afaropliance and possible
solutions. Two prdessors at McMaster University in Hamilton, David L. Sackett and R. Brian
Haynesconducted some of earliest research into patient complianden 1974 they hosted the first
full scale symposium on the failure of patients to comply with therapeutic eegiti Following this
meeting, they conducted some of the earliest research investigating whether compliance could be
improved and reported on a study involvB® hypertensive Canadian steelworket® were not
habitually compliant with their treatment.Half of the participants received extensive training on
monitoring their blood pressure and were given strategies to improve compliance with taking their

medications and half received no intervention. Following six months, the experimental group showed
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a decrease in blood pressure and an improvement in overall compliance while the control group
showed only a modest decrease in blood pressure and a slight worsening of compliant behaviour.
Numerousstudies have been conducted since this time to both nesasacompliance and to
determine how patient behaviour with respect to following instructions and maintaining treatments

can be improved.

1.2.1 Types of non-compliance in health care

Non-compliance can occur at several different stages in the disease priocasstart with a failure

to take part in recommended screening programs or a delay in seeking care when symptoms initially
develop. Patients who have been diagnosed with a condition can-Jeemptiant by missing
appointments, not following instructiorfailing to fill prescriptions, taking incorrect doses of

medication, taking doses at the wrong times, forgetting doses and stopping treatment t5d*don.

Any of these nortompliant behaviours can be intentional or unintentional on the part patieat.

While noncompliance usually refers to patients, it must be recognized that health care providers may

also be norcompliant with standards of caré.

1.2.2 Determinants of non-compliance in health care

In a comprehensive review of the literature, dinleeported on the five main factors that have been
shown to affect therapeutic complian€eThese factors can be described as patientred factors,
therapyrelated factors, healthcare system factors, social and economic factors and disease factors.
Patientcentred factors play a significant role in how compliant a patient may be with their treatment;

these factors include demographics, psychosocial (e.g. beliefs, motivation and attitude), the patient



prescriber relationship, health literacy and gattiknowledge and physical difficulties. The type of

therapy has also been shown to be important, including the route of administration, the complexity of

the treatment, the duration of the treatment period, possible side effects, the degree of behavioural

change that is required to administer the treatment and requirements for storage of the treatment.
Healthcare system factors include accessibility, waiting times, ease of prescription filling and patient
experiences during health care visits. Social amthemic factors including having to take time off

wor k for visits, cost of treatment, and the pat:i
Finally, the type of disease being treated and its symptoms and severity are also major factors in how

compliant a patient may be in their treatment for the condition.

1.2.3 Measurement of non-compliance in health care

Compliance with taking medication can be measured both directly and inditéétbeurate

assessment of compliance is important in order to leetalattribute any change (either improvement

or worsening) to any intervention that may occur. Direct measurement by assessing drug metabolites

or markers in blood, urine or feces may be the most accurate method, but it is not always practical. As

a reslt, indirect measures are more commonly reported in the literature. These can include asking the
patient using interviews, surveys or diaries; tablet counts; and prescription refill dates. Electronic

monitoring with containers that record the frequencytanihg that they are opened have become

popular too?*** These medication eventonitoring systems (MEMS) have been able to confirm

when patients take fAdr-augathoddhiayemced Pmaci mgro V

behaviour to coincide ith follow-up visits to their health care provid&r?®



1.2.4 Prevalence of non-compliance in health care

A metaanalysis of patient compliance with medical recommendations over-gédiiryperiod was
conducted by DiMatted? In this review, DiMatteo reportecompliance to range from 5% to 100%,

with a median level of compliance of 75%. The level of compliance varied according to the type of
treatment, with lower levels for studies investigating compliance with a prescribed diet (60%) than for
health behaviou(70%) and medication (79%). Compliance was also found to vary according to the
condition being treated; sleep disorder treatment (66%) had a similar rate of compliance to treatment
for diabetes (68%) and compliance with treatment for ocular conditions e higher (73%), but

the highest rates were for cancer (79%) and HIV (88%).

1.2.5 Strategies to improve compliance in general health care

A number of different strategies have been employed in an attempt to improve compliance. These
have included furthreeducating the prescribers on the importance of compliance, involvement of the
patient in determining the most appropriate form of treatment, simplifying the treatment regimen and
tailoring it to the individual patient and their lifestyle, the use of ngi@i systems, the involvement

of family members, monitoring compliance and providing feedb'4ék?®

Specific strategies to be employed depend on the condition and type of treatment; however, the role
of effective communication between the health prowider and the patient in improving compliance

has been recognized for some time as one of the most important strategies regardless of the condition
and the treatment methdd> Training health carerpviders in effective communication skills has

also been shown to improve compliance with medications, behavioural treatments (e.g. diet, exercise

and smoking cessation) and/or attending follgawisits.®* A recent metaanalysis reported that the



odds ofa patient complying are 2.16 times higher if the health care provider communicates

effectively and compliance was shown to improve by 19%.

1.2.6 Possible consequences of non-compliance in health care

The personal consequences for patients who areompliant with their prescribed treatments can
range from being relatively insignificant to being life threatening, even with the same medication; for
example, a patient taking a diuretic to control premenstrual fluid retention may only suffer from mild
inconvenence or discomfort if they fail to take their medication, whereas an elderly patient with
congestive heart failure may develop pulmonary congestion and could die if they fail diutatie.

% The implications of norompliance for society should albe considered; these include the cost of
filling prescriptions which are not taken, increased use of health care services to deal with disease
complicationsandthe cost of patient hospitalization and morbidifySeveral attempts have been

made to quaifly the economic implications of necompliance with therapeutic regimens. The most
recent estimate in Canada was that-nompliance with drugs was costing $8 to $10 billion in 2006

and correlated with about 140,000 hospital admissions and 35,000 eaetthgear’’

1.3 A chronological review of soft contact lenses and care systems

Becauseahe vast majority of studies investigating complianeswith the wear and care of soft

(initially hydrogel) lenses and these lenses now represent more than 90% mdesl fiked and worn
worldwide, this review and research will concentrate on these I€fid8a/hile there have been

significant enhancements to contact lens materials since soft lenses were first introduced, the changes
which are most likely to have plad a role in contact lens compliance are the recommendations

which are made for lens replacement by both the manufacturer and the eye care practitioner (ECP).



1.3.1 Soft contact lenses

The first successful hydrogel (peBrhydroxyethyl methacrylate or polyHEMAontact lensvas

devel oped by Otto Wi%*Sditleaseswere initrllyintioducdd inthe eatly9 6 0 6 s .
1970s and are now the most prescribed lens type world{withétially lens replacement was only

felt to be necessary when the lengese either permanently deposited or damaged. It has since been
established that frequently replacing lenses diminishes lens spoilage and complications and is

considered to offer greater safety for contact lens WeHr.

Soon, ensesdegan to belassified according to their replacement schedifi&he term
Afconventional r e pl ac lemeethat abe replaced wihen ¢hdy were damiagedor i b e
when either discomfort symptoms or deposits prevented them from being worn for longer; according

to this modality, lenses wetgpically replaced evergixto2dmont hs. The term Apl ant
r epl acwasetially osed to descridenses thatverechangedaccording to a preetermined

schedule, usuallgit intervals rangig from one to six months; howeyéhis modality has more

recently been associated with lenses that are replaced at intertratseao ssmont hs. @A Di spos a
l ensesdo i s t he reservedifortiehsastwhishexesplannedita béisadrdiedyand

replaced after a single wemagi period, with no cleaning and disinfecting ever taking placthe case

of daily disposable lenses thismuld be aone daytime wearing period and in the case of lenses worn

on extended or continuous wear regimen, lenses could be wdratfoday and ights for periods of

sevento 30 daysdepending on the specific approval for the lenses. Howthetermii d i sposabl e

I e n sseawirequently synonymous with lenses which are removed for regular cleaning and

disinfection and replaced after a periodbokweekto one month



The idea of an extended wear (EW) modality originatetienearly to nd 1970s in the United

Kingdom with high water hydrogels developed by John de Carle; these lenses were able to provide
higher levels of oxygen to the cornaad were therefore prescribed to be worn overnight as well as
during the day**°Preliminary results indicated thtitese lenses were well tolerated, and W
cosmetic use for up to 30 consecutive days was approved by the FDA int88tunately it was

not long before reports of hypoxioflammatoryand infectiousomplications began appearing in

journals, and the safety BW was questioned™>’

Despite these setbacks, higher water content lenses were not abandonedhanmadir contact

lens manfacturerscontinued to developigh water content materials in the early to mid 1980s and
their use for ddy wear rapidly grew>*°* Unfortunately, even in a daily wear modality the lenses
were not trouble free, and deposition and durability iseemited in companietrying to develop
materials that could be replaced on a regular b&$%>Since hthing proved to be too expensive,
new manufacturing nieods were required. ThefiBtd i spbeshébnsd wa senmarkinr oduc e ¢
the early 1980$* Unfortunatelythese lenses could not be reproduced in a satisfactory way to be
commercially successful; however, tieehnology behind thiedevelopment was purchased by
Johnson and Johnson in 1984dresulted in the release of the first true disposable lenses in June
1988 (Vistakon Acuue).Other manufacturer®llowed with their own disposable lenses and the
ultimatedisposable lensecame a reality in August 1994, with the introduction of trst daily

disposable lense®:®°

Thenext major advancement in contact lenses wakathech of a new family of hydrogel materials
based on silicone technology in 1999 Silicone hydroge(SiHy) contact lensewere able to

significantly increasexygen performance compared with conttenal hydrogel contact lensaad
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were initially developed focontinuous wear (CW) for periods of up to one mofittbnce again

though, lenses that were originally designed for one modality quickly switched to aaaith¢ne

majority of SiHy lenses are now worn on a daily wear basis and require appropriate lens maintenance
procedures. Since the inception of this thesis research, SiHy lens materials have been incorporated
into a daily lens wear modalifyf " and reslis reporting compliance for patients wearing these lenses

are reported in Chapter 6 of this thesis.

1.3.2 Contact lens care systems

Contact lens solutions forthe cornerstone afverall care of contact lenses, ffoit full compliance

they are required to besed according to product specific instructiombichgenerally include digital
rubbing andinsing, soaking and lens case hygiene. Over the past 30 years solutions have gradually
evolved towards simpler regimeimsan attempt t@id compliance and improw@nvenience for the
patient.However, it is important to recognize that the majority of early studies were conducted when
care systems were more complicated and to consider compliance rates in the context of the time over

which they were reported and whiproducts were available at that time.

The primary function of a contact lens care system is to disinfect contact $atisésctorilyprior to
their reinsertion and to ensure that the lenses do not act as a vector for the transfer of pathogenic
microomganisms to the eye¥. This microbial efficacy must be balanced with compatibility with the

ocular tissues and the system should be relatively convenient and inexpensive to use.

Some of the first soft lens care systems consisted of a surfactant cledaesadime solution that was
made at home from distilled water and salt tablets and then thermally disinf&Ctemtially,

adapted baby bottle warmers were used to heat the saline solution, but these were later replaced by
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electrical units which pluged into thenhousehold electrical supplinfortunately the homemade soft
lens saline solution was easily contaminated and soon became linked to a series of infections, the

most serious beingcanthamoeba spp”®*

Thermal disinfection soon became reptaby chemical disinfection systems including the popular

three bottle set from Burton and Parsons: Normol (saline), Flexol (storage solution and disinfectant)

and Preflex (surfactant cleaner); the set also came with rewetting drops (Adaffétt&s)s system

was used by the author (KAD) in the late 1970s and is picturedjime1-1. An analogy was often

made between these early soft contact | ens care
were prescribed with aompanying protein removal tablets. The preservatives used in the early

chemical care systems often caused ocular irritatiorhgpdremia principally as a result of the

degradation of the preservative thimerosal, as well as the uptake and releageredaheative

Chlorhexidine from the len&§*®’ In addition to the irritation which could be caused by the

preservatives, the mulsitep, somewhat complicated approach to caring for lenses invited non

compliance.
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Figure 1-1: An example of a contact lens care system from the 1970s

(photograph courtesy of Andrew Gasson)

In an attempt to reduce the ocular irritation from the preservatives that were available at the time,
non-preserved saline rinsing solutionere introduced that were either in a unit dose format or
dispensed from an aerosol to prevent contamination by microorgafifShfaline solutions

preserved with sorbic acid also became pophdaausehey were generally associated with less
irritation on lens insertior’* Unfortunately patients could still be naompliant with the use of these

products.

Hydrogen peroxide (H202) systems were also introduced for disinfection in the ¥oltsse
employ 3% (30,000 parts per million or ppm) hydrogerogide as the disinfectant. Once the lenses

have been disinfected, this peroxide must be neutralized to prevent toxic reactions when the lenses are
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reinserted?® This can either be achieved in a tatep process, where the hydrogen peroxide
solution B replaced by a neutralizing solution for a period of time prior to reinsertion, orsieme
process where the neutralization is initiated, but delayed in time to ensure that a sufficient
concentration of the H202 is maintained for a minimum periochad to allow complete

disinfection.®%®

When lenses which were designedeoreplaced after intervals of tweeeks to onenonth were

introduced in the 1990s, there was a reduction in the perceived value of using a separate surfactant
cleaner. Atthesaen t i me, products were bei Ag od sswe lfoapcd da ntt hs
sequestering agents which helped to remove protein and eliminated the requirement for separate

protein removal tablet§”*®S ol ut i ons started thod baen dl anbaenlye dp aasi ebn
simply followed this instruction, not realizing that a rinse step was still required to ensure adequate
disinfection’®®Rubbi ng and rinsing may only be seen as
patients, but it has actually begmown to be extremely important in removing more than 90% of
microorganisms from the lens, enabling the disinfection prot¥szailing to rub and rinse lenses

has also been reported to be associated with an increased risk of microbial K&ratitis.

Modern care regimens basically consist of a combination of antibacterial agents, surfactants or
wetting agents, chelating agents, demulcents and a number of other agents that primarily assist with

control of pH and osmolalit}f***’

1.4 An historical review of non-compliance in contact lens wear

This represents a review of the literature relating toeampliance in contact lens wear, with an

emphasis on soft contact lenses, up until the preliminary work for this thesis was commenced (2009).
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Relevant publicatins subsequent to this time will be examined in the discussion for the thesis in

Chapter 8.

1.4.1 First studies of non-compliance in contact lens wear

Non-compliance with recommendations for contact lens wear and care is extremely common and was
first reportedm the 1980s. 108,109 Recognizing that the failure to carry out contact lens maintenance
procedures could interfere with successful contact lens wear, Collins and Carney conducted a study in
which they evaluated the compliance of 100 current contact lesr®rgg82 hydrogel lens wearers

and 18 RGP lens wearers) at two university clinics in Australia. 108 The study comprised three parts;
a series of standardized questions relating to contact lens wearing behaviour, lens care and
maintenance; demonstration the study participants of their current care procedures; and subsequent
evaluation of the participantsd clinic records
symptoms which could potentially be considered to be as a result of poor compdindaould not

be otherwise explained (e.g. not attributable to poor lens fit, lens damage etc.). Fourteen aspects of
non-compliance were identified from the standardized questions and demonstrations and these are
listedin Table 11, along with the proprtion of participants reporting or demonstrating each of these

aspects.
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Table 1-1: Incidence of specific aspects of nenompliance

Aspect of norcompliance Patients (%)
Irregular use of daily cleaner 20
Inadequate technique with daily cleaner 29
Irregular use of rinsing solution 5
Inadequate rinsing technique 20
Reusing rinsing solution 2
Irregular replacement of disinfecting solution 18
Irregular use of thermal disinfection 1
Irregular use of péwdic cleaner 3
Leaving lenses too long in periodic cleaner 3
Using daily cleaner after chemical disinfection 9
Using daily cleaner after thermal disinfection 10
Using daily cleaner after periodic cleaner 10
Irregular cleaning of contact lens case 28
Inadequate hand hygiene 16
One or more aspects of naompliance 74

Table eproduced from Collins and Carney, Am J Optom Physiol Opt. 1986.

Overall, 74% of the participants were rRoompliant in one or more aspects and the majority of these
people werainaware that their procedures were incorrect or inadequate. Clinical record review
showed 32% of those who were roompliant had corneal staining which could not be otherwise
explained; 42% had significant lens deposits and 24% had subjective symptoompkance index

was generated for all the participants and this was compared with the signs and symptoms recorded.
A significant relationship was found between the signs and symptoms and the compliance index, and
as noncompliance increased, there wasoaresponding increase in the topakvalencef corneal

staining, surface deposits and subjective symptoms. The length of wear experience, type of lenses
worn, genderand type of disinfection system used, were found to have no influence on the level of

compliance.
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In a separate publication, the authors further investigated the specific aspectsommpiiance that

had been identified and compared these with the incidence of lens wearing problems r&€orded.

Their analysis showed that there was mor@eak staining in participants who irregularly changed

their disinfecting solution, irregularly cleaned their contact lens cases and irregularly washed their
hands; there were more lens deposits for participants who irregularly used a daily cleaner and
irregularly changed their disinfecting solution; however, there were no specific aspects that were
identified for those with symptoms. In this publication the authors reported that there was a lack of
understanding of the function of care and maintenance giuoes by up to 20% of participants but

that this was not influenced by the level of compliance. In addition, between 12 and 23% were unable
to name their care and maintenance solutions and between 4 and 8% were unable to recognize the

solution packages whehey were shown them.

The first report of a study investigating compliance with contact lens care in North American was by
Chun and Weissmart:' In the study, three criteria were used to assess the history of compliance in

50 patients (29 hydrogel lemgearers and 21 RGP lens wearers). These criteria were (1) always
washing hands before lens manipulation, (2) using an-epgkoved care system in an appropriate

manner and (3) wearing lenses only on a daily wear schedule for lenses not approved byftire FDA
extended wear, or for periods of less than 30 days if the lenses were approved for extended wear.
Overall, 60% of the daily lens wearers were considered compliant, however this varied considerably
between those who were experienced lens wearers (3&hase who were new to contact lens

wear (72%). Younger patients (ages 10 to 30) and older patients (over 50 years) were also found to be
less compliant. No differences were found in the rates of compliance for those in hydrogel versus

RGP lenses.
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Sincethe late 1980xxtended wearHW) of disposable hydrogel contact lenses had been gaining
popularity amongpatients and ECPs. The first study specifically investigating compliance with
instructions for énses worn on aBW basis was conducted in 1988 Compliance with this

modality was found to be poor too and 27% of the-ommpliant wearers in this study were unaware

that they were doing anything wrong.

1.4.2 Types of non-compliance

A number of ways in which contact lens wearers could becoampliant withtheir wear and care
procedures was reported by Collins and Carney and summarized previously in-Tallertact

lenses and care systems have progressed since the first compliance studies were conducted and the
main aspects of necompliance which may bassociated with a greater risk of corneal infection or
inflammation are now considered to be: inappropriate hand washing prior to lens hantiiig;

failing to clean (rub and/or rinse) lens&%;**topping up or rausing disinfecting solutiort**"’

failure to clean and/or replace contact lens cd$®ssing tap water either directly or indirectly

(showering or swimming) with lense's?'%2

sleeping while wearing lenses when this has not been
specifically recommended?® and wearing lenses ftwnger than recommended before replacement.
17 One ofthe first studies which specifically looked at compliance with planned lens replacement

was conducted by Phillips and PrevatféThe patients taking part in this study had been instructed

to replaceheir lenses at intervals of six months or less, but were not wearing what were referred to at

this time as fAdisposabl e | -weekserdess).( with repl aceme
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1.4.3 Measurement of non-compliance

Reporting the level of nenompliance with comtct lens wear is complicated and depends largely on

the method of assessment, the aspects of compliance assessed and the criteria used to determine non
compliance. Recognizinipe difficulties in assessing compliance with contact lens care compliance,

Turner et al proposed a method to assess compliance in contact lens wearers which they claimed

could be adapted for different types of care regin@i?°Their first publication in 1993 described

the method when applied to the assessment of complianca witirogen peroxide system, which

was popular at this time (AOSepti°The manufacturersé6 instructions
use of a separate surfactant cleaner and a saline rinse to be used after cleaning and after disinfection,

prior to lens isertion. In their study, three separate elements were assessed: subjective comfort; the

way the system was reported to be used; and a laboratory assessment of the pH and residual amount

of hydrogen peroxide remaining after disinfection. Only 1% of pagitipwere found to be fully
compliant with the regimen; however, many fsteps
compliant i n tchoingpldstandy berhda viimaumr 6 was assigned |
to Ashake t heidor oado mtsahcatk ilneggn st hcedass cas e-upsmudy har do

using the same methodology, the authors reported a slightly higher compliance rate (9%) with a

multipurpose care regimelf’fonce again though, i n tefeiddernsnedudy 25
to be i mportant for compliant behaviour and it w
complianto, when their actions may not have been

clinicians.The so c-abdhpldi &&areparted in these studiesere strict adherence to
multiple steps was required to achieve full compliance, underlines the importance of keeping the

scientific, clinical and Aar evhdnrehdind tieediteratgepect s of
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The majority of studies investigating contact lens compliance have used eithrepsetifor paper

guestionnaires to evaluate the wearersoO6 behavi

Morgan utilized the Internet to conduct a contansleompliance study in seven European countries.
127.128\10re than 1400 contact lens wearers completed abasbd survey about their lens wear and
care procedures and their communication with
was inplemented in which a green response indicated that the wearers was fully compliant with the
procedure being evaluated, and amber response indicated a moderate levalarhplisnce that

could result in a problem if it were to occur frequently, and aesponse which corresponded with

either very norcompliant behaviour or repeated actions of-nompliance. A total of 14 steps were

evaluated and overall only 0.3% of the daily wear respondents and 2.7% of the EW respondents were

fully compliant with all14 steps. The highest level of compliance was reported for using the correct
solution; a moderate level of compliance was reported for wearing lenses for no more days than
recommended, not wearing lenses overnight unless recommended, hand washing @nd tepa

care solution; the lowest level of compliance was reported for napping while wearing lenses,

replacing the lens case, cleaning the lens case and checking expiry dates.

1.4.4 Prevalence of non-compliance

Because of the many different ways in which 1wompliance in contact lens wear can be assessed,
reporting on the overall prevalence is difficult and it is not surprising that the rates reported vary so

dramatically. In an attempt to summarize the prevalence otaompliance that has been reported

from when the early studies were conducted up until the preliminary work for this thesis was initiated,

a table has been generat&dlfle 13). This table does not include the rRoompliance rates with
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regpect to swimming in lenses becausgy two studies has/specifically reported on this and the

rates varied from 20% to 56% of respondetffs-*°
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Table 1-2: Prevalence of norcompliance (%)

Author(s) Year | Overall Hand Daily Rinsing Disinfection Case Enzyme Longer Overnight Lens Follow-
hygiene cleaning care cleaning wear wear replacement | up visits
time
Collins & 1986
Came)}os,llo 74 16 29 20 18 28 3
Chun & 1987 60
Weissmafr!
29
Sokoletal™ | 1990 | g 14 32 52 78 56
: 31
Collins et at 1993 31 22 or 15 0-4 95
Phillips & 1993
Prevad&* 68 3 5
25
Turner et &f 1993 o1 28- 86 16- 50
;iigford et 1993 87 50 72
;@f?ﬁn et igg? 3-50 22-23 2971 47 77140 3-7 20- 32 65 11 39
Coopersmith | 1997
&Weinstock® 31-38
136
Ky etal 1998 24 5 257 43 35
06 Do nén el 2004 . . .
Efronts’ 1671 37 671 37 971 19 3 25-28 3-7 16
38
Yungetal™ [ 2007 [ 4, 35 35 40 12 65 38 22
27,128
Morgart 2007 1 997 28 30 86 35 40- 60
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1.4.5 Comparisons with other types of therapeutic treatment

Patient compliance has been widely studied in ophthalmology and in particular in the treatment of
glaucoma®****°Non-compliance with glaucoma treatment has been reported to be between 25% and
50%.° The first paper to compare patient complianith contact lens wear with compliance with a
form of therapeutic treatment, was published in 1480his review considered contact lens care to

be analogous to chronic diseases with minimal symptoms that required some sort of alteration to the
patenbs daily routine. The example of glaucoma the
complacency were given as possible reasons forcnompliance and a similarity between the expense
and complicated nature of the treatment for glaucoma and the camnfact lenses was suggested.

In addition, it was postulated that just as a patient being treated for glaucoma may not notice a
difference when they did not follow their treatment regimen appropriately, a contact lens wearer may
not have any symptoms ifefy failed to care for their lenses exactly as they had been instructed. This
review article stressed not only the importance of the optometrist giving instructions to their patient,

but also the rapport between the two for ensuring continued compliance.

1.5 Determinants of non-compliance in contact lens wear

1.5.1 The Health Belief Model

In 1990, a well recognized psychological modelling was used for the first time to explore factors
which may determine patient compliance with contact lens Wéame Health Bekf Model (HBM)

had already been used in public health research for some time when this study was cdfitiitted.
In this model, patients with a particular medical condition are thought to behave according to their
individual beliefs relating to the coitibn. Patients will first consider how susceptible they consider

themselves to contracting the condition, how severe they consider the condition to be, what the
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benefits may be of preventing them from contracting the condition and what reasons orthasriers
may face to prevent them from contracting the condition. The HBM hypothesises this decision
making process in these four dimensions and an adaptation to this model made by Sokol et al is

reproduced irfFigure 1-2. **°

[ Medical condition

)

[ How susceptible am 1? ]( ——————————————— Qusceptibility

~—

Benefits

g
o

Are there reasons not to? ]<— == Barriers

Compliant Behaviour ]

}29

v v
[ Non-Compliant Behaviour

éf

Figure 1-2: Components of the Health Belief Mode

The key element of this study was the inclusion of a series of statements in the survey that was

completed by 50 contact lens wearers. These statements winatal on their level of importance

to the participants, from being fivery important?o

Afundeci dedd. A positive association was found
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care practitioner (ECP) insirtions (susceptibility); lack of concern over ruining their lenses

(severity); lack of a sense that a lens hygiene routine can prevent complications (benefits); and media
influence, the amount of effort required to take care of lenses and the costazt tems care

supplies (barriers). The authors concluded that the HBM was an effective model for exploring
compliancerelated behaviour and that unfavourable beliefs from each of the four dimensions of the
HBM were represented in the responses of theaoompliant participants. They also reported that not
every belief in the model waonsidered to be equally significant by their patients, and the concern
that correlated positively with necompliant behaviour was a concern for ruining their lenses. +orty
six percent of participants were judged to be1ompliant in the study in that they followed all the
guidelines but two. When evaluating specific aspects ofcoompliance, 32% did not clean their

lenses appropriately, 52% did not use an enzyme cleat¥érfdiled to wash their hands prior to
handling their lenses, 78% wore their lenses for longer than recommended and 56% did not have a

regular schedule for followp visits.

The HBM was also used #sbell et alwhen theyconducted a study involving 100AEdisposable

lens wearers-** The definitiono f A ¢ o mihdt waaused ie this study related specifically to the

use of an EW lens wear modalidthough9 0 % of parti ci pants were cl ass
because they reported by telephone sythat they replaced their lenses at intervals of no more than

the recommended period o weeks, 62% removed atiten reinserted the same pair of lenses

during this period, whic<bmpbubdtbedepraiddeatednt ¢
mainenance procedures that they reported to have used. Interestingly, although the HBM was also

applied in this study, no significant differences were found between the compliant aconmgliant

groups in this study.
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1.5.2 Patient perceptions

Donshik et al condued a survey in which they investigated the knowledge, attitudes and practices

with respect to lens wear and care of 111 current contact lens wé&rgsst of the respondents to

the survey considered contact lens complications to be relatively corbatayer 60% were unable

to name a specific problem that may occur. The respondents were also asked whether they considered
a number of activities to be associated with either an increased risk or decreased risk of a

complication occurring and the resudie shown irfmable 13. While some of the results are not

surprising, it was particularly interesting that some respondents thought that using fresh solution,
refilling the solution in the lens case, replacing the lens case and washing their hands actually
increasedheir risk of developing a complication. In addition 10% thought that rinsing their lenses

with tap water decreased their risk and 13% thought that it had no effect. The respondents were not

specifically asked about cleaning their cases in tineey.

Table 1-3: Perceptions of risk factors

Activity Increases risk (% Decreases risk (%) No effect (%)
Sleeping in lenses 85 2 5
Sharing lenses 84 4 5
Wearing time longer than recommend 81 4 6
Replacement longer than recommend 78 5 8
Swimmingwith lenses 75 2 14
Using fresh solution 17 72 2
Refilling solution in lens case 17 69 5
Rinsing lenses with tap water 69 10 13
Replacing lens case 15 68

Washing hands 27 55

Reproduced from Donshik et al, Eye & Contact Lens 2607
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1.5.3 Patient instructions and clinician interactions

In 1987 the FDA started to express interest in compliance of contact lens wearers and conducted a
survey ofDW andEW contact lens wearerS® The main areas of necompliance which were

recognized were: poor hand hygée lack of case hygiene, wearing lenses for longer than
recommended, lack of follow up care and improper solution use. The survey also found that patients
frequently reported not having been given any recommendations or instructions with respect to caring
for their lenses, or if they had received some information, they showed confusion about what they
reported that they had been told. This supports the finding of Davidson and Akingbehin who found
that patients forget from one third to one half of what @u@ytold at medical appointments within

minutes of leaving the officé®

A contact lens compliance study was conducted in 1990, which specifically investigated the
relationship between cliniciansé i ntagon,per sonal C
satisfaction and compliance with care and maintenance instruclo@siestionnaires and interviews

were used to show that the quality of the contac
substantially influence patient outcomes anatggtions. Shortly after this, Collins et al designed a

study to investigate the effect of lens care system instructions on the rate of initial compltance.

Novicelens wearers used three different care systems (each according to the instructioes jpsovid

the manufacturer) for periods of two weeks, in a randomized order; prior to this, all the subjects were
initially adapted to lens wear while using a tatep hydrogen peroxide system. The subjects were
concurrently participating in a monovision stuatyd were therefore more mature than subjects

previously investigated in contact lens compliance studies. Good compliance with disinfection

procedures was demonstrated with all three systems (96% or better), but compliance with daily
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cleaning was slightower (851 91%); there were no differences according to which system was
used. Compliance with case cleaning was lower (75%) and did vary according to which system was
being used; the instructions for case cleaning also varied from a daily rinse atodedweekly rinse

and dry or simply an occasional rinse. Compliance with hand washing was found to improve during
the course of the study from an initial low rafer8% to a higher rate at the end of the study of 97%.
The authors concluded that when patigestart to initially wear lenses, hand washing and case
cleaning appear to be the aspects with which they are least compliant. Regular monitoring and
reinforcement of instructions should be conducted in order to improve compliance and minimize the

risk of adverse events that may occur as a consequence of poor compliance.

Many of the early studies investigating compliance with contact lens wear were conducted in

specialist clinics at universities and hospitals. In an attempt to evaluate complianceenets g

population, a study was conducted in the UK in the early 1990s in which more than 200

asymptomatic patients, originating from many different practices, were initially interviewed regarding

their habitual lens care procedures and then sauiple wee evaluated once again following re

instruction regarding appropriate lens maintenance metfidsweighted scoring system was used

to classify subjectsd compliance. Only 13% were
mai ntenanceaj r®2%omadi @hce and 55% had Apoord cor
reported aspect of nesompliance related to inappropriate case care (72%); this was followed by

poor hand hygiene (50%). Age and sex were not found to be factors influencing compliarferend t

were also no differences between subjects who were working and students. Some differences were
found between RGP and soft lens wearers, but these could be attributed to the different procedures

required for the care of these different lens types. @ga@ subjects who had been wearing lenses
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for longer were more likely to be nanmompliant, as were subjects who wore their lenses longer each
day. All subjects received a-teief session at the conclusion of their interview. Three months after
the orignal survey was conducted, a ssdimple of nofcompliant subjects (46 subjects) were
contacted by mail and asked to complete a survey which incorporated the same questions as were
asked in the original interview, and the responses were scored usinggthal eveighting system.
Eighty-three percent of the subjects responded and the authors reportedribfxtiction of this

popul ation had raised the | evel of Afairo compl:

In a study involving children aged 11 to 14 nbet al were able to show that after six months of soft
contact lens wear, 85% the children were able to correctly identify the purpose of he lens care
solutions that they were using; 90% knew that they should be cleaning their lenses each day; and 96%
understood the lens disinfectiolf® They suggested that the reason for the high levels of compliance

and understanding were most likely related to the intensive instructions and demonstrations which

were given to the children prior to being dispensed thittir lenses.

A later study was conducted to determine whether compliance with contact lens wear could be
improved when written information was given in addition to oral instructiéhighe type of

instructions provided was determined according to theltefrom a prior written and oral
comprehension test; subjects who performed better in the oral portion received only oral instructions
and subjects with higher scores in the written portion received both types of instructions. Overall
compliance was repted to be greater than 80%, but no difference was found in the compliance rates
of the two groups. Drawing conclusions from these results is somewhat difficult however since the
study design was not able to take account of other possible differencegbeis two groups of

individuals.
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1.5.4 The role of product cost

The cost of treatment has been found to be an important barrier to compliance in other areas of health
care. ™It is interesting, however, that when treatment is provided at no cost tattaetpthere may

be no improvement in compliance when compared with patients who are required to pay for the
treatment** A shortterm prospective study was conducted in the United Kingdom to compare the
compliance of subjects who were required to payftil costs for their contact lens supplies with

those who only made a nominal paymeérftin this study a comparison was made between the
calculated volume and number of products which should have been used ovemarittuperiod

(prorated for part the wearers) and this was compared with the actual quantity used for each of the
products. No differences were found in the level of compliance between the two groups of subjects
either by direct measurement or indirect assessment requiring demonstrétios adre procedures

by the subjects.

1.5.5 Demographics

In most of the studies investigating compliance with general health care, no association between
patient demographics and compliance has been f8tidthe contact lens literature there are

conflicting reports regarding whether patient demographics can be considered determinants of
compliance with recommendations for lens wear and care. While no studies have been able to show a

ERM121321%%0me studies haveported an association with

difference in compliance according to s
age. Both younger (less than 30 years) and older (greater than 50 years) have been reported to be less
compliant in some studie§:**°others have not been able to show a differefie&*

Socioeconomic background,wdhtion and occupation have also not been found to be relevant with

respect to norwompliant behaviour-*#*2°1324Eyxperience with lens wear however does appear to be
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important, but once again this is reported to have been a factor-congliancem some studies,

111,132but not Other51.29'133’147

1.6 Strategies to improve compliance with contact lens wear

1.6.1 Prospective studies

A study was conducted in the 1990s in the UK, which was designed to specifically assess the effect of
a Acompl i ancset reantheagnycoe menntl evel s of compliance in
period.******|n this study 80 current soft contact lens wearers were fitted with monthly replacement
HEMA lenses (Medalist 38, Bausch + Lomb, Rochester, New York, USA). All dshjere masked

with respect to the study purpose and design (being advised that the study was evaluating a new brand
of contact lens), and were randomly assigned to one of two groups. The first group simply attended a
basic dispensing visit at which theyere given their lenses and a supply of the study care system

(ReNu multipurpose solution, Bausch + Lomb, Rochester, New York, USA) along with the
manufacturer 6s pvisitsswera schetuted after twb wekelds, athvee months, six

months and 12nonths. At all visits sufficient supplies of lenses and care system were provided to last
until the next scheduled visit. The second group received extensive instruction at their initial

dispensing visit which included a checklist to follow, presentatf@aammplications poster and

discussion of the possible adverse events that could occur as a result of not complying with
appropriate lens wear and care instructions, and they all were required to view a video describing
appropriate use of the care regim&he second group were also asked to read and sign a contract
describing the instructions for care and maintenance and the goals of successful lens wear. They

attended visits at the same intervals as the first group and the instructions that they lyattehestn
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the dispensing visit were reinforced once again up untihiteemonth visit. Thesix and 12 month

visits were identical to those for the first group of participants. At the final visit, all subjects

completed a questionnaire regarding thewmledge and understanding of the contact lens care and
maintenance regimen that they had been prescribed and were asked to demonstrate how they cared for

their lenses. A masked investigator assigned scores for each aspect of compliance assessed.

The overdllevel of norcompliance ranged from 3% to 50%% which was somewhat lower than had
been reported for previous compliance stud@#\imost 40% of the subjects failed to attend one or
more scheduled visiduring the study, but there were no differentetween the two groups.
Interestingly, no significant differences were found between the two groups in the compliance scores
generated from the demonstration or the questionnaire, with the exception of hand washing; subjects
who were not exposed to thempliance enhancement strategy were significantly less compliant

when demonstrating this procedure to the investigatti®verall, while 78% reported always

washing their hands prior to handling their lenses, only 60% were judged to have washexhtir h
thoroughly in the demonstrations. Fedgven percent of the subjects reported-cmmpliant

cleaning procedures (rubbing and rinsing) and knowledge of how the care system worked was poor
with only 46% being able to explain this adequately. Sixtg percent reported that they wore their
lenses for longer than the recommended daily wearing time; however, there is no report of how many
wore their lenses while napping or sleeping overnight. Eleven percent wecem@tiant with the

monthly replacemerdgchedule. Several possible explanations were given by the authors for why there
were no differences in compliance as a result of the compliance enhancement strategy; these included
the relatively simple care system and replacement schedule which werthagaadyision of free

contact lenses and solutions for the duration of the study, the high proportion of subjects who were
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either students or employees of the university at which the study was conducted, the design of the
compliance enhancement strategy éhe indirect methods of assessment which were used during the

study. They also discussed the possible effect of simply taking part in a study which has been shown

to affect behaviour and performariceOf t en r ef erred t o ascartobcer A Hawt ho
when subjects are taking part in an experiment or studyntfiddual attentiormay biasthe

response and lead to a change in their behaviour or a perceived improvement in a c&tidfition.

A second study investigating the effect of a coampte enhancement strategy was conducted more

recently.**® In this study compliance was assessed prior to intervention, along with an assessment of

mi crobi al contamination of the subjectsd habitua
percentof the subjects were judged to be rmympliant in that they failed to carry out at least six of

the 15 aspects associated with lens care and maintenance which were assesdad pentgnt

showed microbial contamination of their habitual lenses amaissories. All subjects were re

educated on all aspects of lens care and maintenance and then followed for a 12 month period during
which one randomly assigned group received arsglew exercise by email after 3 and 9 months

and in person at the 6 mith follow up visit (test group); the other group simply attended a 6 month

follow up visit (control group). At the Xghonth visit the compliance was once again assessed and the
subjectsd |l enses and accessor i esmpliaeceimegravedffoor mi cr
both groups at the end of the-tr®bnth period, but the only difference between the two groups that

was significant was a greater improvement in case cleaning in the test group when compared with the
control group. Microbial contamitian decreased slightly too, to 38%, but this was not significant

and there were no significant differences between the two groups. The authors concluded that simply

taking part in the study resulted in an improvement in compliance, likely as a restiaatizorne
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effect, but that the only significant improvement as a result of the compliance enhancement strategy

wasan improvement in the lens case cleaning procedures

1.6.2 Compliance enhancement models

Predicting and enhancing patient compliance with comgastwear has proven to be challenging.

Regardless of this, compliance enhancement models have been proposed in an attempt to improve
compliance among contact lens wearers. The first model was proposed by Efron iT°Hey.

model comprised four compents of principles and guidelines for: (1) The clinic or office and the

ECP, (2) the patient, (3) the advice that is given and (4) the contact lens industry. A decade later,
Donshik also proposed a model to engage, educate and empower patient complisafeectintact
lenswear’®**Thi s fimodel 6 has five components: (1) Pati
involvement, (3) safer care regimens, (4) education of ECPs, patients and legislators and (5) the

importance of conducting further research into thesea of contact lens complications.

1.7 Possible consequences of non-compliance with contact lens wear

Non-compliance with recommendations for appropriate contact lens wear and care has been shown to

be associated with several undesirable consequences foedners.

1.7.1 Contact lens deposits

In the early study conducted by Collins and Carf{é}*°participants who were necompliant with
correct procedures for cleaning and disinfecting their lenses showed higher levels of lens deposits. An

increase in proteideposition was later reported by Michaud and Giasson in study participants who
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were asked to intentionally wear their daily disposable oriswek replacement lenses for intervals

of up to 30 days™®

1.7.2 Ocular surface changes

Failure to change disinfectirgplution, irregular cleaning of contact lens cases and irregular hand
washing were also found to be associated with an increase in corneal staining by Collins and Carney.
108,119\ oncompliance with care systamse and failure to replace lenses on scheatate found to be
factors contributing to corneal staining in hydrogel lens wearers by Nichols®t\Michaud and

Giasson were able to show an increase inélergty of upper conjunctival papillae, upper lid

conjunctival hyperemia, and limbal congestin eyes which had been wearing lenses for longer than

would normally be recommended®

1.7.3 Subjective symptoms

As nonrcompliance with lens wear and care increased, Collins and Carney were able to shown an
increase in the subjective symptoms reportechbir subjects'®*°®In a survey of over 100 patients
conducted in 2002, Jones and Dumbleton were also able to reporotiedtaquentreplacemenof
lenseswas associated with better quality of vision and enhanced comfort at replacement, more stable

vision throughout the day and reduced dryn¥3s.

1.7.4 Complications

A number of complications can occur as a result ofe@mpliance with contact lens wear and care

but undoubtedly the most serious is keratitis, and in particular microbial keratits. Aasafdg1,
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Wilson et al were able to establish a link between poor compliance with care regimens and corneal
infection.*® They were able to culture the same serotype of Pseudomonas from the contact lens

saline solutions that had been prepared from didtiNater and sodium chloride tablets as had been
culturedfromt he pati entso6 corneal wulcers. All of these
homeprepared saline as either a wetting agentdegp, eyebathpr afterit had been used for
thermaldisinfection of their contact lensds.a study conducted at Moorfields Eye Hospital in the

late 1980s, aignificant association wdsund in patients presenting with sterile keratitis (infiltrates)
andcontact lens hygienand contact lens case contaation, particularly for daily wear soft contact
lenses'®® A separate study conducted at a similar time at Wills Eye Hospital, also found a frequent
association between contact lens wearers presenting with corneal ulcers and contaminated lens care
producs and/or improper lens care procedur&8in a study evaluating complications with daily

wear disposable lenses, Garwood showed that the incidence of corneal infection was ten times greater

when the lenses were not cleaned and disinfetiad.

Shortlyafter this,Matthews et al reported on the results of a-@as#rol study in which they

guantified the relative risk of keratitis in daily weard EW disposable lens wear by examiriages

of keratitis presenting to an eye hospit&i Patients preseinig with keratitis completed a

guestionnaire evaluating their habitual lens wear and care procedures. Compliance with lens
replacement and instructed hygiene was found to be relatively good a@ibngear patientsbut

less prevalent among EW wearerse Buthors concluded that poor hygiene and disinfection system
failure may, in part, account for the higher rate of keratitis in these patients. Stapleton et al conducted
another study soon afterwards investigating the risk factors for developing kératitisoup of more

than 200 contact lens keratitis patients as compared with a group of contact lens wearers presenting
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without complications™®’ A multivariable logistic regression analysis showed that the type of
disinfection system and its frequencyusie were associated with both microbial keratitis and sterile

keratitis in daily wear users.

More recent studies have reportedrareased risk of 1.5 times for developing microbial keratitis

and two times greater faeveloping sterile keratitis in pantswho fail to wash their hands prior to
handling their lense$'**%®|t has alsdeen shown that rubbing and rinsing contact lenses can play a
role in reducing the risk of microbial keratitis, suggesting that contact lens wearers who fail to carry
out this important step are at a greater risk of developing microbial ker&fiti/hen patient§i t o p
upo their solution rather t hanncanpletgpcontattkedsy r epl ac
disinfection can occuthis may present a significansk for infection and in both the recent

outbreaks of Fusarium keratitis and Acanthamoeba keratitis, topping up soluticizing$o be
associated with greater risk for infectidff*"°Poor case hygiene has also been associated with a
greater rislof microbial keratitis’?*and this, along with failing to replace cases at regular intervals,
has been shown to be associated with a build apbidfilm in contact lens cases over tiraad the

build upmay make patients more likely to develop kemtifi*"2

1.8 Rationale for thesis

1.8.1 Preliminary work

Much of the early work investigating compliance and contact lens wear was conducted prior to the
introduction of silicone hydrogel lenses and the more widespread use of daily disposable lenses. In
2009, tle Centre for Contact Lef®esearch (CCLR) conductédo studies that were designed to
specifically investigate compliance with replacement of silicone hydrogel and daily disposable
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contact lenses in the United States and Cart4tf&® The author of thishesis (KAD) was primarily
responsible for the concept and design, the acquisition and compilation of the data, and the data
analysis for these studies. KAD was also the first author for thrdse dbur resulting manuscripts;
however these were complaleorior to registration in the PhD program and therefore it is not
appropriate for them to be included as experimental chapters in this thesis. These manuscripts have
howeverbeen included Appendix B(with copyright permissions) in order to provide teader

with further relevant background for this thesis. A brief summary of these studies is also provided

here.

The aims of the studies wereo &ssess current recommendations for replacement frequency (RF) of
SiHy and DDCLs; to determine compliance witle manufacturer recommended replacement

frequency (MRRF) and to evaluate contact lens care and to investigate the reasons for non
complianceECPs in the United States (US) and Canada who chose to take part in the studies were
asked to invite the next Zfatients wearing DDCLs or SiHy lenses to complete a survey evaluating

their contact lens wear and care procedures. If a patient declined, the next eligible patient was then
asked.The surveys were confidentially completed by the patients and then seatedrimelope

provided to them, on which the ECP was required to record the lens type, their recommendation for
RF and the lens powers. The ECP then returned all the completed surveys (in their sealed envelopes)
to the CCLR. Both the ECPs and the patieakénig part in the study retained anonymity from the

CCLR.

A total of 1,654 surveys from the US and 578 from Canada were eligible for analysis. DDCLs
accounted for 16% of the lenses worn by the US respondents and 18% of the lenses worn by the

Canadian respalents. Fortyfive per cent of US respondents wore tweek replacement SiHy
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lenses as compared with 35% of Canadian respondents; and 39% of US respondents-morghone
replacement SiHy lenses as compared with 47% of Canadian respondents. ECPs recoiRfende

which complied with the MRRF more frequently with DDCLs and-oranth replacement SiHy

lenses than with twaveek replacement SiHy lenses. In general, the patients recognized the

importance of replacing their lenses on schedule, with 78% of wealgsthitountries rating this to

be either Aextremely i mport ant dheyhave Beemgiddodb ant 0 .
may be quite different. Patients were less compliant with RF than ECPs for all lens types investigated.
Patients were most ompliant with RF when wearing DDCLE8% US and 87% Canada) and least
compliant when wearing twaveek $Hy lenses (48% US and 50% Canada). More than half of those

not replacing lenses when recommended reported that this was simply because they forgtzywhich

to replace their lenses. The use of a reminder system to improve compliance with RF was supported,
with the suggestions of either a cell phone reminder system or establishing a constant day of the week

being the most fawsed methods for prompting reggement.

Better communication between the patient and the ECP appeared to facilitate greater compliance with

RF; the majority ofpatent s f el t that it was either #Ai mportar
explain the replacement schedule in detait,this proportion was significantly higher in those who

were compliant with lens replacement when compared with theompliant group. A similar

difference was found in the responses relating to the importance of explaining the risks associated

with non-compliance between the compliant and4gompliant wearers. One particularly interesting

finding in the studies was that a much higher proportion of compliant patients claimed that they

foll owed their recommended r e prpketeeoniidemdeinshethedul e

ECPO, when c¢ ompemplaht patientsithis supperts thevoassertion in the general
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health compliance literature that effective communication and a positive relationship between the
patient and the health care prdotier can result in improved compliané&***A much higher
proportion of the compliant wearers agreed with

repl acement schedule because it | eads to fewer p

Compliance with contact lensie was also assessed to some degree in these studies. Specific contact

lens care procedures such as hand washing, rubbing and rinsing and the use of new solution each day
were not evaluated, but respondents were asked how important they thought itkan tbeir

lenses every day; a higher proportion of the compliant respondents responded that they considered
this to be Aextremely i mpor t andcompliantwediersmport ant 0
Cleaning cases was consiodebrye dnotroe bteh afine x5t0r% noefl yr ei
countries, but only half of the SiHy wearing respondents reported replacingdbesat intervals of

three months or less.

Another area of neaompliance which was investigated in these studies was sleepingghtevhile

wearing contact lenses. Nineteen percent of the Canadian participants and 32% of the US participants
reported sleeping while wearing their lenses occasionally, frequently or constantly. Although this

could not be directly compared with recomrmations that may have been made by their ECPs, both

of these figures are considerably higher than the proportion of lenses being specifically fitted for
overnight lens wear at the time that the studies were conducted (6% Canada and 7% US).

Interestingy 12% of Canadian and 17% of US DDCL wearers reported overnight lens wear. Not only
were the materials which were available in DDCLs at the time not suitable for overnight wear, but

also these lenses are designed for single use only and should be rehibeezhd of each wearing
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day and discarded. These patrticipants could therefore be considered to be displaying two types of

noncompliant behaviour.

The study participants who were wearingusable SiHy lenses were also asked to rate their

subjective condrt and vision in the morning, evening, when lenses were new and when they needed
replacing. Consistent with findings from other studt€® superior subjective performance, in

terms of both comfort and vision, was reported at the beginning of theng/@ariod compared to

the end of the day. Subjective comfort and vision ratings were also higher when lenses were new
compared with when they needed to be replaced. It was particularly interesting to find that when the
subjective performance of lensesmway patients who were compliant with the MRRF was

compared with those who were not compliant, the comfort and vision ratings in the evening and when
the lenses needed replacing were somewhat higher for the compliant wegandiess of the
replacemeninodality thathad beermprescribed for thenilhis finding supported the early work of

Collins and Carney who reported an increase in the subjective symptoms reported¢ampdiant

wearers and the previous work by our grexith conventional hydrogel lees 103110161

In these studies we were unable to find a difference in compliance according to sex, years of
experience with contact lens wear or degree of ametropia; however we did find a higher level of non
compliance with lens replacement in youngeavers and in those who were wearing toric lenses.
Interestingly, we also found that a higher proportion of participants who did not have spectacles with
an up to date prescription were roompliant with replacement of lenses according to

recommendationthat had been given to them.
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1.8.2 Objectives and Importance

At the time that this area of research for this thesis was conceived, no studies had been conducted to
specifically evaluate the compliance of patients with respect to the wear and care of lertsatypes t
were being worn by a rapidly increasing proportion of the population. In 2012, more than half of the
lenses worn world wide and approximately two thirds of lenses worn in Canada and the US were
made from SiHy materials, and one third of the lenses worfdwide were DDCLs*®*%* While

some of the earlier studies on compliance in contact lens wear had evaluated compliance with the
wear of tweweek and onenonth replacement lenses, these had almost exclusively been conventional
hydrogel lenses, and ntudies had specifically looked at compliance in SiHy and DDCL wearers.

The main objectives for this thesis were: to further investigate a number of different aspects of non
compliance; to determine how frequently raympliant lens wearers experienced echtens related
problems; to determine whether noompliant lens wearers were less successful and therefore more
likely to discontinue from lens wear; and to evaluate whether there was a difference in the frequency
with which compliant and nenompliantlens wearers visited their ECPs for eye examinations. In
addition, one study was designed to specifically investigate, for the first timeonguliance with

DDCLs and to determine whether this varied between several countries. Finally, a unique study was
designed which employed both quantitative and qualitative research matteogidore in detail the

lens wear and care habits of contact lens wearers attempt t@ain a better understanding of what

constrains and enables patients to follow recomnterdafor appropriate lens wear acate.

1.8.3 Notes for the reader

Since this thesis comprises a series of six manuscripts that were generateah&ds joased in North

Americaand Europe, a consistent format for spelling is not possible. Canadian speafiirntion
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has been used for the introduction and discussion chapters and a mixture of US and UK spelling
conventions is used for Chapters 2 to 7 that is consistent for the journals in which these hawe been
are to be publishe&imilarly different abbreiations may be used for the same words, dependent

upon what was used in the original manuscript; for example, sometimes SH is used for silicone
hydrogels and other times SiHy is used and both DD and DDCL are used for daily disposable contact
lenses. All he abbreviations used are documented in the list of abbreviations at the beginning of the

thesis.

In the Pllowing chapter of this thesa preliminary study is presented, which was designed to
determine the proportion of contact lens wearers who know lethaiand lens care products they are
using. The study also investigated how helpful photographic aids dandmntact lens wearete
recall which products they are using. It is particularly important in any studies investigating
compliance with contadens wear and care that the products that a patient is using are accurately
reported. The findings from this study were extremely helpful for the design and conduct of

subsequent studies conducted for this thesis.
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Chapter 2

Do Contact Lens WeamamustikndwmeWwhatr eP Us

This chapter is published as follows:

Ability of patients to recall contact lens products and enhancement of recall using photographic aids
KathrynA. Dumbleton, Mike Woods, Craid. Woods, LyndonV. Jones, Desmond Fonn

Centre for ©@ntact Lens Research, UniversityWhterloo, Waterloo, Ontari@anada

Contact Lens & Anterior Eye 2011;34:22801 Reprinted with permission

Concept / Recruitment  Acquisition Analysis Write-up /
Design of data publication
Dumbleton Y Y Y Y Y
Woods M - Y Y Y -
Woods C Y - - - Y
Jones - - - - Y
Fonn Y - - - Y
Figures: 8
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2.1 Overview

Purpose: To determine the proportion of soft contact lens (CL) wearers who are able to recall their
habitual products (lenses and care system) correctly from memorig andluate the value of using

photographic aids (PASs) to improve recall.

Methods: 103 soft lens wearers attended 2 visits to investigate their habitual CL product use. At the
first visit they were asked to recall which products they were using andotiaemtify their products

from PAs. They returned for a second visit with their products for confirmation.

Results:51% correctly reported their lens brands from memory alone, which improved to 87% with

the use of the PAs (p < 0.001). 41% correctly regubtheir habitual care system from memory alone,
which improved to 80% with the use of PAs (p < 0.001). Females were better at recalling care system
brand names than males (49% versus 27% correct
experiencewt h t heir habitual CLs had better recall

versus 27%, p = 0.014).

Conclusion: Less than 50% of contact lens wearers were able to recall the names of their habitual
lens and lens care products correctly from mgmPAs improved this recall significantly for both

contact lenses and contact lens care systems.

45

t

l



2.2 Introduction

Contact lenses are worn by approximatEs million people worldwidé Each year there are

publications in the literature reporting theatdle breakdown of lens typesrn by these

individuals®® These data are generally collected from eye care professionals (ECPs) prescribing these
lenses and are therefore considered to be a relatively accurate representation of the contact lens types
being currently worn. However, when patients are asked about the contact lens types that they wear,
either by an ECP or in a survey, it is not known how accurate their recall of the brand names is,
particularly if they do not have the packaging materialstfeir contact lenses with them at the time

they are asked. In two recent studies conducted at the Centre for Contact Lens Research, the lens type
worn, as reported by the patients, matched that reported by the prescribing ECP for 66% of
participants in Caada and 74% partjsants in the United Stat&3In a separate stugy86% of

participants were able to name their current care system, however in this case they were responding to

the question from their homes and would therefore be able to check Kagipacbefore responding.

Accurate identification of products used by patients is of great importance in most areas of health
care, and this is particularly the case for the use of medications. Memory aids in the form of
medication pictures and lists halveen used with success to evaluate past hormone and oral
contraceptive use and also to enhance recall cfaspirin. norsteroidal antinflammatory in

patients who had experienced acuitst imyocardial infarctiod® To our knowledge, a study has not
been conducted to specifically investigate the ability of patients to recall habitual contact lens
products and the possible enhancement of recall using photographic aids. The purpose of this study

was to determine the proportion of soft contact lens weavho are able to recall their habitual
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products (lenses and care system) correctly from memory, and to assess the value of using

photographic aids to improve recall.

2.3 Methods

Ethics approval was obtained through the Office of Research Ethics at theditpioEWaterloo

before commencement of this study, and the study was conducted following the tenets of the
Declaration of HelsinkiThe study comprised two visits, both conducted on campus at the University
of Waterloo.Since the aim of the study wasdetermine the proportion of wearers who could

recognize their contact lens products, prospective participants were not told the purpose of the study
until after their eligibility had been confirmed. Initially the prospective participants were simply
askedf they would like to participate in a study in which they would be asked a series of questions
about the use of their contact lenses and lens care products. Informed consent was obtained from all
participants at the first study visit prior to enrollméeFtie participants were primarily recruited either

on the main University campus or at the School of Optometry, when they were attending for an

unrelated reason.

Participants were considered eligible if they were current soft contact lemsaoke or dayl

disposable) wearers at least 17 years old and had purchased their contact lenses in Canada.
Employees of the School of Optometry, optometry students and graduate students were not eligible to
participate. Specific appointments were not scheduled fdirtteisit, which was conducted at the

time that participants agreed to take part in the study, so that they were unable to check their contact
lens products prior to attending or to bring their products with them. Informed consent was obtained

from partcipants prior to enrolment in the study.
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At the first visit, participants were asked to complete a series of questions regarding their habitual
contact lenses and lens care system; they were then presented with a series of laminated photographic
aids fran which they were asked to identify their habitual products. Participants were asked to return

to the Centre for Contact Lens Research (CCLR) at the School of Optometry for a second visit and to
bring their products at this time. The investigator recottlechames of the habitual products and

compared these to the products initially reporfigte participants were then exited from the study.

Correct recall of a product from memory required

name (i.e. the nanterand provided had to be sufficient to allow an eye care practitioner to determine

the AAexacto product). As an example, AAcuvue OAS
AAcuvueo was not correct; fAOpti Freerre®Rbdbyil eni SHO o
AfOpti Freed was not correct. For toric | ens weare
itorico were required in order to be considered

Where relevant, data analyses were conducted using Statistica 9.0 (StatSoft Inc., TulBat®©#re
presented as mean * standardiakgon or as frequencies. A twsided difference between two
proportions test was used to compare frequency |

all analyses.

2.4 Results

One hundred and twenty participants were recruited and enrolledstuthe 103 completed both
visits. The data reported are for these 103 participants only (65% female, 35% male). The mean age
of the participants was 23 years (median 21 years, ranging from 17 to 55 years)}sEigintyercent

of the participants were stants (none from the School of Optometry).
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2.4.1 Contact Lenses

Figure2-1 shows the frequency distribution of the lens brands worn by the study participants as
confirmed at the second visit. Thhlesstbantheagstudyy fiot h

participants (22 brands worn by 25 participants).

35

30 1

25 A

20 A

15 4

Number of participants

Figure 2-1: Lens brands worn grouped by manufacturer.

At the first visit, 51% of the participants correctly reported the lens ltedhey were wearing
(compared to the packages that were brought in at the second visit). The remaining 49% either
incorrectly reported the lens type that they were wearing (26% of total participants) or indicated that
they did not know the name (23%total participants). There was no difference in the proportion of
participants who correctly reported their lens type by gender (42% of males correct versus 58% of

females correct, p = 0.243), but there was a difference with respect to the amountlaétitne lens
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brand had been worn (27% correct for O 12 months

= 0.014).

When participants were asked to identify their lens brand using the photographic aids, 87% of
participants correctly identified theenhses, which was a significantly greater percentage than found
by recall alone (p < 0.001). Six percent of the participants were wearing lenses that were not
displayed on the photographic aids and so they were excluded from the photographic aids analyses.

The participant responses are summarizdelgare2-2.

100%

80%
2 M Didn'
2 60% - Didn't know
.% ® Incorrect
£
S 40% - 87 O Correct
k]
X
°© 51

20% 1

0% T

Recall only (n=103) Photo cards (n=97)

Figure 2-2: Correct recall of lens brand versus recall with photographic aids

Participants wearing Johnson & Johnson Vision Garses had the most accurate recall (without the
photographic aids) of their lens brands (47 wearers, 72% correct), followed by Cooper Vision wearers

(12 wearers, 51% correct) and CIBA Vision wearers (31 wearers, 45% correct), with the least
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accurate redbby Bausch + Lomb lens wearers (9 wearers, 22% correct). These data are presented in
Figure2-3. Johnson and Johnson Vision Care lens wearers had significantly more accurate recall than
Bausch + Lomb lens wearers (p = 0.004) andACiBsion lens wearers (p = 0.016). All other
comparisons were not statistically significant. Of those participants wearing lenses manufactured by

other companies (n = 4), two recalled their lens brand name incorrectly and two responded that they

did not krow.
100%
80% -
3
< H Didn't know
2 60% -
.E B Incorrect
©
o
S 40% - OCorrect
X 72
51
20% o
22
0% T T T T
Bausch + Lomb CIBA VISION CooperVision Johnson & Other
Johnson Vision
Care

Figure 2-3: Correct recall of lens brand by manufacturer

Overall, only 21% of participants were able to correctly name the manufacturer of their contact
lenses. Twentfive percent answered incorrectind 54% said that they did not know. These
responses varied by lens manufactuFrégijre2-4). Participants wearing Cooper Vision lenses were

the least able to name their lens manufacturer and gave significantly fewer correct redpamse

51



participants wearing lenses manufactured by Bausch + Lomb (p = 0.005), CIBA Vision (p < 0.001)

and Johnson & Johnson Vision Care (p < 0.001).

100%
80% T
60% H Didn't know
EIncorrect
40%
O Correct
20%
22 23 26
8

% of participants

0%
Bausch+ CIBA VISION CooperVision Johnson & Other
Lomb Johnson
Vision Care

Figure 2-4: Correct recall of lens manufacturer name

2.4.2 Care System

Ninety-one percent of participants were using a contact lens care s¥geme2-5 shows the
frequency distribution of the lens care systems used by the study participants as confirmed at the
second study visit. Nine partpants were wearing daily disposable lenses and did not use a care

system.
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Figure 2-5: Contact lens care systems grouped by manufacturer

At the first visit, 41% of the participants correctly reported theenafrtheir habitual lens care system

(compared to the packages that were brought in at the second visit). The remaining 59% either

incorrectly reported their habitual lens care system (32% of total participants) or indicated that they

did not know the namef the system (27% of total participants). There was a significant gender

difference in the proportion of participants who correctly reported the name of their lens care system

(27% of males correct versus 49% of females correct, p = 0.040) but theme difference with

respect to amount of time that the care system h

40% correct for > 12 months use, p = 0.617).

When participants using a care system were asked to identify their lens care systeheusing t
photographic aids 6% were using care products that were not displayed on the photographic aids and

they were excluded frotte photographic aids analys&sghty percent of the remaining participants
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using a care system correctly identified their prasifiom the photographic aids, a significantly

higher percentage than from initial recall (p < 0.001). The participant responses are summarized in

Figure2-6.
100%
80% 1
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Figure 2-6: Correct recall of lens care system versus recall with photographic aids

Participants using CIBA Vision lens care systems had the most accurate recall (without photographic
aids) of the name of their products (20 users, 90% correct), followed by AMO users (8 users, 50%
correct) and Bausch + Lomb (28 users, 29% correct), with the least accurate recall by Alcon users (32
users, 21% correctlsigure2-7. Participants using CIBA Vision products had significantly more
accurate recall than participantsing Bausch & Lomb products (p <0.0001), Alcon products (p <
0.0001) and AMO products (p = 0.022). A further 30% of Alcon users were able to recall that they

used AOptifreed but did not state whether it
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other differences were not statistically significant. Of those participants using generic care systems (n

= 6), two correctly recalled the name of the lens brand, three were incorrect and one responded that

they did not know.

100% -
80% T
2
c
S 60% -
(8]
£
s 90
5 40% T
xX
50
20% A
° 29 33
21
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Bausch+ CIBA VISION Alcon AMO Generics
Lomb

Figure 2-7: Correct recall of care system brand by manufacturer

H Didn't know
E Incorrect

O Correct

Overall, only 16% of participants were able to correctly name the manufacturer of their habitual

contact lens care system. Twelve percent answered incorrectly and 728eiddiat they did not

know. These responses varied by lens manufacteirgure2-8). Participants using Bausch + Lomb

care systems most commonly named the manufacturer of their care system correctly (36% correct)

and gave a signifamtly higher number of correct responses than participants using Alcon (p = 0.004),

CIBA Vision (p = 0.016) and AMO (p = 0.047) products.
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Figure 2-8: Correct recall of care system manufacturer name

2.5 Discussion

The results of this study confirm that contact lens wearers are frequently not able to recall the names
of their contact lens brands or care systems. Only half of the study participants were able to recall the
brand names of their habitual contact Esxf'om memory, and the proportion was even lower with
respect to correctly recalling the brand name of their lens care system. In general, female participants
were better able to recall brand names than male participants, but this difference wasistidgltat
significant for the care system. It was interesting that participants who had worn their lens brand for
one year or more were better able to recall the name than those who were newer to their products.

This differentiation could be related to Iy less time (and therefore fewer opportunities) to re
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purchase lenses and become familiar with brand names. No comparisons by age were possible in this

study as so few older wearers participated.

The photographic aids developed for the study signifigamtproved recall from 51% to 87% for
contact lens brand names and from 41% to 80% for contact lens care system brand names. This
improvement is similar to that reported in a study evaluating the use of a pictorial memory aid in the
recall of past hormonese, where the display more than doubled the number of women who recalled

both the name and the dosf their therapy correctly

It is of interest that participants were better at recalling the product names of some manufacturers than
others, although ghould be recognized that there was not an even distribution of wearers across
products and that some products were worn or used much more frequently than others in the study
population. In the case of contact lenses, the highest correct recall wasnsori@hJohnson Vision

Care products and in the case of contact lens care systems, the highest correct recall was for CIBA
Vision products. The frequency of lens replacement (i.e. dailyweekly or monthly), and therefore

the frequency with which partggants saw their lens packaging, was not taken into account but may
play a role in the ability of lens wearers to recall their product names. In general, participants were
not good at naming the manufacturers of their products. Only 21% of wearers wedterabte the
manufacturer of their contact lenses; there was very little difference in the recall of the main
manufacturers, with the exception of Cooper Vision, which was named correctly by only 8% of
wearers of these lenses, despite more than half & tearers correctly recalling Cooper Vision
product names. Only 16% of participants were able to correctly name the manufacturer of their

contact lens care system, with the best recall by Bausch & Lomb users at 36%.
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Increasingly contact lens wearers aveghasing their lenses from a number dfedlent sources,

including the hternet. In one recent study, up to 22.5% of college students reported making an
internet purchse for their contact lenséSMost online contact lens suppliers provide photograyihs

the lenses which may assist wearers in their purchase, but it is nevertheless still a concern that some
wearers may inadvertently make an incorrect purchase as a result of inaccurate recall of their current
lens brand(s) and that this is an area ofocmmpliance relating to lens wear which could have

negative consequences. Purchases for contact lens care systems may be made from a number of
sources and while it is expected that wearers will recognize their current brand when they see it on the
store shi, confusion may still occur and a switch to a different brand is possible. In previous studies
conducted at the CCLR, 27% of patients in the United States and 31% of patients in Canada reported
having changed their care system recently, however in tharehalf the cases this was as a result of

arecommendation by their ECP

It is important to reiterate that this study was designed to try to accurately assess the ability of contact
lens wearers to recall the names of their products when they diccedtear@rior warning that they

would be asked to do so. The accuracy of this recall was confirmed at a second study visit, at which
participants were asked to show their habitual product packages to the study investigators. It is also
important to recogniz that the study design had some limitations. The study was conducted on a
university campus and the majority of participants were university students. The results may have

been different for an older and broader demographic group. Regardless, thesteswdty support

the use of photographic aids when asking study participants to report their habitual contact lenses and
lens care products. These aids could take the form of laminated cards, such as those used in this study,

or could be available for wiéing on the internet. This study only assessed current lens wearers; it was
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not possible to determine how well photographic aids would help lapsed contact lens wearers in
recalling their product names; however, it is anticipated that they should helpéalsgree for these
individuals and may therefore be useful in studies investigating this group.

2.6 Conclusion

Less than 50% of contact lens wearers were able to recall the names of their habitual lens and lens
care products correctly from memory. Photogragitoduct recognition cards improved this recall

significantly for both contact lenses and contact lens care systems.
Funding

This study was funded by a grant from CIBA Vision, GA, USA.
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Chapter 3 describes a study that was conductedainiate the relainship between compliance with
replacement frequen@nd the prevalence of contact lenslated problems inlggone hydrogel

(SiHy) wearers.
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Chapter 3
The Relationshi-foBpt waaneNand -Cont ac

Rel ated Probl ems

This chapter is published adlaws:

The relationship between compliance with lens replacement and contaliged problems in

silicone hydrogel wearers
Kathryn A. Dumbleton, Craig A. Woods, Lyndon W. Jones, Desmond Fonn
Centre for Contact Lens Research, UniversityMatterloo, Wéerloo, OntarioCanada

Contact Lens & Anterior Eye 20134:2162227 Reprinted with permission
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3.1 Overview

Purpose: To evaluate the relationship between compliance with replacement frequency (RF) and

contact lens (Clyelated problems in silicone hydrogel (SiHy) wearers.

Methods: 501 SiHy wearers from 7 optometry offices completedreys regarding their lens wear
and any CL related problems which they may have experienced in the preceding 12 months. File

review was subsequently conducted at their optometry offices to confirm the information provided.

Results: 49% of respondents wemwearingwo-week replacement (2WR) and 51%emonth
replacement (1MR) SiHy | enses. 6 7% wore their
recommended RF ( MRRF) and 60% for | onger than
The mean RF was 2.6x tMRRF for 2WR and 1.5x for 1IMR wearers (p<0.001) with median values

of 31 and 37 days respectively. 23% reported signs or symptoms consistent with potential
complications relating to CL wear. This rate was significantly higher for wearers who were non
comgiant with the ORRF than compliant wearers (26% versus 18%, p = 0.028). It was also higher for
those multipurpose solution users who reported never/almost never rubbing and rinsing their lenses

when compared with those who did this every night (2@¥sw 17%, p=0.007).

Conclusions:Two thirds of the SiHy wearers did not comply with the MRRF and 2WR wearers
stretched the replacement interval of their lenses to a greater degree than 1MR wearers. Failing to
replace lenses when recommended and failing tomdbriase lenses were associated with a higher

rate of patienteported CL problems.
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3.2 Introduction

Silicone hydrogel (SiHy) contact lenses are now the most widely prescribed soft lenses worldwide,
accounting for 39% of new soft lens fits in all countriembined and 70% of new sofnk fits in the
United States Since the introduction of SiHy lenses, many of the hypeoadated problems

associated with conventional hydrogel lenses have beeniaigaliminated®’ However, other
complications do stilbccur periodically, including cases of corneal inflammation, infectrh
mechanical disruptiafi*? While many studies have investigated the impact of lens replacement
frequency on contact lens complications in conveafitidrogel lens wearet™® this has not been

extensively evaluated in silicone hydrogel lens wearers.

Unfortunately, many patients are not compliant with respect to their contact lens wear and care, and
this may result in a higher occurrence of contact-tefated complicatins inthese individuals®™

One of the most commonbkgported areas of nesompliance in SiHy contact lens wearatels to

lens replacemerit® Yeung et al have recently published the results of a study conducted in two
university dinics in the United Sta&?® In their study, the relationship between compliance with lens
replacement and contact leredated ocular complications in wearers of both conventional and

silicone hydrogel lenses was evaluated. Although Yeung and colleagues found no differémees in t
average number of complications experienced between patients who were compliant with the
manufacturers recommended replacement frequency (MRRF) and those who were not, they did report
a trend for patients who replaced their lenses more than threeotierethe MRRF (the least

compliant patients) to have more complications than patients who were compliant with the MRRF.

The aim of this current study was to primarily investigate whether contaatdited complications

that occur in reusable SiHy weasare related to compliance with recommendations for replacement
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frequency (RF) from the manufacturer and from the prescribing optometrist. The study was also
designed to evaluate other areas of-nompliance with contact lens wear, specifically relatmg

contact lens cleaning and disinfection and contact lens case care.

3.3 Methods

Ethics approval was obtained through the Office of Research Ethics at the University of Waterloo
before commencement of this study, and the study was conducted following tseofehe

Declaration of Helsinki. Seven optometry offices in Southern Ontario, Canada (including the
University of Waterloo School of Optometry Clinic) were invited to participate in the study. The

offices were chosen to be representative of the diveskigmographics in the area (large cities,
industrial urban areas, high technology cities, university community and rural areas) with the
expectation that the offices would be accessed by patients from many differing socioeconomic
groups. Each office vgaasked to identify contact lens patients who had been wearing SiHy lenses
which had been dispensed from their office for at least twelve months and to invite them to participate
in a study investigating contact lens related complicatibhe patients wer selected in reverse
chronological order. Optometry offices were instructed identify eligible patients who had attended
their office in the month prior to the start of the study first and send invitations to these patients first.

If sufficient patients cold not be identified from this group, they were instructed to review the

records of patients attending the office in the month prior to thisneitations were sent out by mail

from each of the offices in groups of approximately 50 per week. The espomere monitored from

each office and invitations were stopped once the target enrolment had been reached for an office (50

to 100) or for the all the offices combined (500).
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The invitation packages were sent from the offices by mail and included mleteefrom the office,

a letter of explanation from the Centre for Contact Lens Research (CCLR), a questionnaire and a

|l etter of consent giving permission for the pati
Patients who chose to participétethe study were asked to complete the questionnaire and to return

it along with their signed consent letter to the CCLR. Participants were sent a gift card for completing

the study questionnaire following receipt of their completed study questionnaitefggaed consent

letters.

The questionnaire included sections on demographics, the lens type(s) worn and wearing patterns, the
recommended and actual RFs, the contact lens care system used and the lens care procedures
employed and report(s) of any cortteemns problems which had resulted in interruption of normal lens
wear during the preceding 12 month period. Up to three problems could be repodiéalr eaclone

the patients were asked to describe the nature of the problem, the actions that wefia¢hlding

visits to their optometrist or some other health care professional) and the resolution of the problem.
Participant eligibility was confirmed after receipt of completed study questionnaires and on review of

the corresponding participant optonyetecords by a research investigator from the CCLR (KAD).

Where relevant, data analyses were conducted using Statistica 9.0 (StatSoft Inc. Tulsa, OK). Data are
presented in tables as frequency distributions. Where appropriate, the 95% confidence artervals
also included. A significanc e wilhehisduaraestsbdhg= 0. 05

used to compare differences in proportions.
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3.4 Results

3.4.1 Questionnaires Received

The seven optometry offices taking part in the study sent out a tdt&#29 invitations to participate

in the study. Five hundred and thifiye completed questionnaires were returned (44% of the total
sent), but only 501 were eligible for inclusion. The reasons for ineligibility included the consent form
not being complied, the patient being 16 years old or younger, the patient not being a current SiHy
lens wearer and the patient not having worn SiHy lenses for at least one year. The overall response
rate was 41% (ranging from 28% to 55% for the seven offices takingqhghg study) and the

number of responses received from each office ranged from 57 to 86.

3.4.2 Patient Demographics and Contact Lenses Worn

The brands of lenses worn by the patients completing the questionnaire are lisbtBi1. The

brand names were obtained from the patient questionnaire and confirmed from the record review.
Forty-nine percent of the lenses worn had a MRRF of two weeks (2WR) and 51% had a MRRF of
one month (1MR). Toric lenses were worn by 14.6% of all patientsnattifocal lenses were worn

by 7.4% of all patients.

The contact lens prescription for each of the patients was determined from the record review. Ninety

three percent of patients had a myopic contact lens prescription, with a m8af9at 2.10 D

(median -3.50D) and 7% had a hyperopic contact lens prescription, with a mean of +3.07 + 1.49 D
(median +3.00D). Contact |l enses were purchased f
They were purchased from an optician or optical store by 2.8%tiehjs and from thenternet in

1.8% of patients.
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The mean age of the patient respondents was 36.4 + 13.0 years (range 17 to 75, median 36 years).
Seventy six percent of patient respondents were female. The average number of years of lens wear
was 14.8 #10.3 years (range 1 to 42, median 12 years) and the average number of days per week that

lenses were worn was 6.1 + 1.6 days (range 1 to 7, median 7 days).

Table 3-1: Distribution of lens brands worn

Number % Lens Type % Group

2WR lenses 245

Acuvue Advance 31 12.7

Acuvue Advance for Astigmatism 17 6.9

Acuvue OASYS 155 63.2 49
Acuvue OASYS for Astigmatism 31 12.7

Acuvue OASYS Multifocal 8 3.3

Avaira 3 1.2

1IMR lenses 256

Air Optix / Air Optix Aqua 116 45.3

Air Optix for Astigmatism 11 4.3

Air Optix Multifocal 2 0.8

Air Optix Night & Day 36 14.1

Biofinity 10 3.9 51
Biofinity Toric 2 0.8

PureVision 29 11.3

PureVision Toric 23 9.0

PureVision Multifocal 27 10.5

Eleven percent okEinses were prescribed for extended or continuous wear (as reported by the patient
on the questionnaire) but only 6% of patients reported wearing times of 24 hours. For the patients
reporting wearing lenses on a daily wear basis, the average daily wéaengas 12.5 + 3.0 hours

(range 2 to 21 hours). Fiftyeven percent of patients reported that their lenses became less
comfortable later in the day; the mean number of hours of reported lens discomfort was 2.4 + 1.4

hours (range 1 to 10, median 2 hours).
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One third of patient s r iewearing thalr lenshsaRiflgne pecgnt never 0
reported that they only napped in their lenses, 9% that they occasionally slept in their lenses, 1% that

they frequently slept in their lenses and 6% thaytslept in their lenses almost every night.

3.4.3 Recommended Replacement Frequency

The distribution of responses for Replacement Frequency (RF) recommended by the optometrist
(ORRF), as reported by the patient on the questionnaire for 2WR lenses and 1MRisdisted in
Table3-2. The highlighted cells represent thoseRIs that were compliant with the MRRF for the

l ens type. ANRO, indicates that no recommendati o

with the MRRF for 73% Btheir prescribing but the percentage was sigaiftly higher fomwearers

of IMR lenses (94%, 95% CI: 9®6%) than wearers of 2WR lenses (51%, 95% CE &B%) (p <

0.001)
Table 3-2: Optometrist-recommerded replacement frequency (ORRF)
ORRF
<1week| 1week | 2weeks| 3weeks| 1 mth 2 mths 3 NR
2WR 0 2.5% 47.9% 6.2% 40.1% 1.2% 0 2.1%
1IMR 0 0 5.1% 0.8% 88.2% 3.5% 0 2.4%

The actual RF reported by the patients, by MRRIgUre3-1) was 37 + 21.9 days for lenses with a
MRRF of 2 weeks (range 10 to 124 days, median 31 days) and 47 + 34.5 days for lenses with a

MRRF of 1 month (range 10 to 365 days, median 37 days). Relative to the MRRF, these mean values

represent 2.6 times theRIRF for 2WR lenses and 1.5 times the MRRF for 1MR lernses{p <

0.001).
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The actual RF reported by the patients, by ORRIgure3-2) was 26 + 15.6 dayfer patients who

reported a recommendation by their optometrist of 2 wgekge 10 to 93 days, median 21 days)

and 45 £ 30.0 days for patients who reported a recommendation by their optometrist of 1 month

(range 17 to 365 days, medi an

40 days).

Rel

values represent 1.8 timége ORRF for 2WR lenses and 1.5 timesMRRF for 1MR lenses {test,

p < 0.00).
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Figure 3-1: Actual replacement frequency reported by patients, by MRRF
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Figure 3-2: Actual replacement frequency reported by patients, by ORRF

An actual RF of more than 17 days (i.e. less frequently than twice a month) was considered to be non

compliant with the MRRF for 2WR lens wearers and an actual RF of more than 34 days wa

considered to be necompliant with the MRRF for 1IMR lens wearers. Overall, 67% of patients wore

lenses for longer than these respective intervals. Theompliance rate for 2WR lens wearers was

82% (95% ClI: 76 86%) and for 1MR lens wearers was 5356% CI: 47- 59%) (p < 0.001). Using

the same maximum intervals, 60% of patients wore lenses for longer than the ORRF with rates of

66% (95% CI: 606 72%) for 2WR wearers and 55% (95% CI:-481%) for LMR wearers (p =

0.012). The primary reason givenfare ar i ng t

replace the

enseso (39%

(30% of 2WR and 22% of 1MR).
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3.4.4 Contact Lens and Contact Lens Case Care

Eighty-six percent of patients weable to give a name for their current lens care solution. Seventy

seven percent of these patients were using a brand name multipurpose solution, 20% were using
hydrogen peroxide and 3% were uspriyate labemultipurpose solutions. Sixtgix percent bthe

patient records reviewed had the name of the pat
records indicated that a brand name multipurpose solution was being used, with the remaining 18%

recording the use of hydrogen peroxide.

Patients usig multipurpose solutions were asked how frequently they rubbed and rinsed their lenses

before storage each night and the how often they topped up their contact lens cases with solution

rather than completely replacing it after use; these results argategraphically irFigure3-3

Patients were also asked how frequently they cleaned and replaced their contact leRggcases (

34 . When asked what they used t oscallwtainondc,eisl1l % a:

responded Atap watero and the remainder either d

O Never

B Occasionally

B Frequently

B Aimost every night

O Every night 1%
@ Most nights

B Once a week

W Never / almost never

78%
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Figure 3-3: Multipurpose solution users reports for rubbing and rinsing lensegleft) and

topping up soltion (right)

OEvery day 01 month
E Most days B 3 months
B Once a week B 6 months
B Once a month M1 year

H Never W Never

Figure 3-4: Reported frequency of contact lens case cleanirflgft) and contact lens case

replacement (right)

3.4.5 Patient Reported Contact Lens-Related Complications

Thirty eight percentofthepai ent s reported one or more Aprobl em
period. In total, 268 problems were reported, with 71% of patients reporting only one problem, 20%
reporting two problems and 9% reporting three problems. Some of the reported problemstwere

considered to be contact leredated ocular complications; these included cases of lost or mislocated

lenses, handling problems, damaged lenses, intermittent dryness symptoms and visual symptoms

which were prescription related (i.e. change in presoriponset of presbyopia). After removing

these problems from the data set, 113 patients (23%) reported problems in which the signs and/or
symptoms were consistent with potential complications relating to contact lens wear. These

complications were categeed as abrasions, conjunctivitis, discharge, discomfort (excluding
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intermittent dryness), eyelid problems, infection or keratitis, photophobia, redness and sudden pain.

The total number and frequency of reports of these complications are presérdabte 3.

Table 3-3: Patient reported problems

Problem Total number Number of % of all
reported wearers wearers
Abrasion 13 11 2.2
Conjunctivitis / pink eye 12 9 1.8
Discharge 5 5 1.0
Discomfort (excluding dryness) 52 44 8.8
Eyelid problems 12 12 2.4
Infection / keratitis 13 12 2.4
Photophobia 3 3 0.6
Redness 21 20 4.0
Sudden pain 6 6 1.2

Patients reporting contact lerslated problems on their questionnaires were not statigtical

significantly different from those not reporting problems, with respect to age (35 versus 37 years),
gender (79% female versus 76% female), years of lens wear (15 years for both), days per week of

lens wear (6.0 versus 6.1 days), hours per day of leas (£3.1 hours for both), spherical component

of the contact lens prescriptiot8(3 D for both), proportion of toric lens wearers (11% versus 16%),
proportion of multifocal lens wearers (12% versus 6%) or proportion of patients who reported that

they slgt in their lenses occasionally, frequently or almost every night (12% versusHédgver,

ahigher proportion of the patients reporting these problems also reported that their lenses became less

comfortable as the day progressed (68% versus 54%, ©€)0.0

A higher proportion of patients who reported tha
their lenses (29%) experienced these more seriouseggifted problems when compared with

patients who reported t htheirlensesgy7%)(p=00We&y Sherer ub bed
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were no differences with respect to fAtopping

replacing contact lens cases (p>0.05).

Lens wear was temporarily stopped for 91% of the problems reported. Thgeamaraber of days

without lens wear was 11.8 £ 19.3 (range 1 to 150), with a median of 5 days per problem. No visit to
an eye care professional or doctor was reported to have occurred in 53% of cases with the remainder
reporting visiting one or more healthre professionals for the probleRidure3-5). When

describing how the problem was solved (one or morelgesactions could be selected®% said

that their lenses were replaced, 38% reported using over the counter drops obsam, 8% said

that they were given a prescription for the problem and 10% said that they simply ignored the

problem.
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Figure 3-5: Visits to health care practitioners made by patients experiencing probias
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3.4.6 Results by Compliance Group

Patients who were compliant with the MRRF were not statistically significantly different from those
who were not compliant with the MRRF with respect to age (36 versus 37 years), gender (74%
female versus 78% female), days peek of lens wear (6.2 versus 6.0 days), hours per day of lens
wear (13.3 versus 13.0 hours) report of decreased comfort as the day progressed (54% versus 60%,)
or proportion of toric lens wearers (15% for both). There was a higher proportion of nalligos

wearers in the group of patients who were compliant with the MRRF compared with those who were
not (11% versus 6%, p=0.8B8and patients who were na@ompliant with the MRRF had worn

contact lenses for significantly longer than those who were ¢antplith the MRRF (15.6 + 10.1

years versus 13.3 + 10.6 years, p=0.019).

There were no differences between patients who were compliant with the MRRF and those who were

not with respect to the proportion rubbing and rinsing their lenses every night (4636 84%), the
proportion never fAtopping offd the case with sol
their case every day (21% for both). However, a higher proportion eformmpliant patients reported

that they either replaced their case catyually or that they never replaced their case, when

compared with compliant patients (37% versus 25%, p7).00

The rate of patient reports of the more significant contact lens related problems was compared
between patients who were compliant with thBRRF (18%; 95% CI: 1325%) and those who are

not compliant with the MRRF (25%; 95% CI: 2B80%). Although a lower rate was observed in the
compliant group, this difference was not statistically significant (p = 0.112). However, a statistically

significart difference (p = 0.B8) was found between those patients who were compliant with the
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ORRF (18%; 95% CI: 1324%) and those who were not compliant with the ORRF (26%; 95% CI:

21- 31%).

3.5 Discussion

This study was somewhat unigue in its approach of colaimgr with optometrists working in
clinical practice to recruit study participants. A much higher participation rate (44%) was achieved
when invitations to take part in the study where

with other compliace studies conducted the CCLR?#%*

The main aim of the study was to investigate how frequently SiHy lens wearers experienced problems
with their lenses over a ofyear period and whether there was a difference in the frequency of
problems in patientwho were compliant, compared with those who werecmnpliant, with
recommended RF. A recent retrospective study investigating the rate of occurrence of contact lens
complications in clinical practices in the United States employeidiaailchart revies

methodology?® Since some contact lens patients may not consult their eye care professional when
experiencing problems with their lenses, relying on file review alone may result in fewer reports of
contact lens related complications and can make coroparizetween compliant and roompliant
patients more difficult. Conversely, relying on patient responses alone can lead to inaccuracies,
particularly with respect to the lens types worn and the care systems used. By employing a study
design which incorpated both a patient questionnaire and a follgufile review, it is believed that

the data collected is more robust and representative of the SiHy wearing population.

Overall, the recommendations made by the optometrists in the study were in agreemt@ wit

MRRF for almost three quarters of the patients, but this level of agreement was much lower for
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patients prescribed 2WR lenses than for patients prescribed 1MR lenses. Consistent with our previous
studies investigating compliance with lens replacemtaetpatients in this study frequently did not

follow the MRRF or the recommendations for lens replacement given to them by their optometrists.

Two thirds of patients reported replacement intervals which were not compliant with the MRRF,

which is somewhatigher than the overall rates of 40% and 44% repantedr previous studie$?*

Once again though, the rate was significantly higher in 2WR wearers compared with 1MR wearers.
Since not all optometristsd r ec otmheeiRBRitwa® ns f or
also important to evaluate the proportion of patients who werenomp | i ant wi t h t heir
recommendation for RF. Overall, 60% of patients wore their lenses longer than their optometrist
recommended and again this was soméwtgher for wearers of 2WR lenses than for wearers of

1MR lenses.

Since the current study was not a prospective controlled study, it is not possible to report on the
incidence rates for contact leredlated complications. The patient questionnaire allofiwethe

reporting of contact lens related problems and symptoms which resulted in temporary discontinuation
of wear and/or a visit to their optometrist or other doctor or medical practitioner. Using this approach
it was hoped that the majority of symptdimaomplications experienced by patients would be

captured in addition to less serious complaints. More than one third of patients did report having
experienced one or more problems with their lenses during the precediggasmeriod. Several of

the poblems reported by patients would not be expected to be related to compliance with RF; these
included lost or mislocated lenses, handling problems, damaged lenses and visual symptoms relating
to prescription issues (under or over correction and presby@épra)mber of the other reported

problems were considered to be more significant; these included abrasions, conjunctivitis, discharge,
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discomfort (excluding intermittent dryness), eyelid problems, infection or keratitis, redness, sudden
pain and photophodi Just under one quarter of the patients reported experiencing one or more of
these more significant problems. The original power calculations that were used for the study design
were based on a naompliance rate of 50%. However, the ranmpliance ratactually found was
considerably higher, at 67%. With this greater disparity in the proportion of compliant compared to
noncompliant patients, a larger sample size and therefore a greater number of patients reporting
problems may be required for thesdeatiénces to become significant. Our results are consistent with
those from the university clinic sty conducted by Yeung et Zlwhere a trend was reported for the
least compliant patients to have more complications than patients who were complighéwith

MRRF.

Demographic differences have been reported between those that experience infiltrates and microbial
keratitis andthose that do ndt*#%%*° |n the current study, no demographic differences were found
between those patients who reported expeitay problems and those who did not. A higher

proportion of patients with problems did however also report that their lenses became less

comfortable as the day progressed.

Although more than half of the problems reported by the patients did not reawlisihto an eye

care professional or doctor, lens wear was stopped temporarily for 91% of the reported problems and
the median length of time before lens wear resumed was reported to be five days. This could
represent considerable inconvenience for m@atients, particularly those who reported significantly
longer periods of time without contact lens wear. When a visit was deemed necessary, the vast
majority of patients reported seeing their own optometrist, but a small number either visited another

medical practitioner or had visits to more than one health care provider.
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It was interesting to find that 95% of the patients reported purchasing their lenses from their

optometrist, with only 3% reporting purchases from an optician or optical store andonly 2

purchasing lenses over thetérnet.The low rate of third party andtiernet purchases is most likely

due to the study sample selecfed. e. pati ents who had attended t he
previous yedr If the general contact lens wesg population in Canada had been surveyed, it is

likely that more respondents would have reported purchasing lenses from a thimsgaat/been

reported in one study conducted in the United Sfatésen with a high proportion of patients
purchasingénses from their optometrist however, there was a high rate afamoplianceandit

may be that the purchase source does not influence compliance or titaihmgliance would be even

higher in the general contact lens wearing populabaha separateugdy would be required to

investigate this further

Another important aspect of na@ompliance in contact lens wear is the daily care and maintenance

required for both the contact lenses and the lens storage case. In general, the care system reported to

be used by the patient matched that reported in
failed to be compliant with recommended lens care procedures. Failure to use a rub and rinse step
prior to storing | enses atantdatgieater sk of migctioffbpnd s ol ut i ©
while eye care practitioners and contact lens care system manufacturers are hopefully reinforcing the
importance of patients rubbing and rinsingl aeplacing solution each d&}patients do not appear to

be adlering to this advice. Interestingly, patients in our study who reported that they did not rub and

rinse their lenses were found to have a higher rate efegadiited problems than those who regularly

carried out these procedures.
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Contact lens case hygieisealso extremely important, but more than half of the patients in this study
reported that they cleaned their cases infrequently, if ever. The majority of those who were cleaning
their cases were using tap water to do so, sometimes in conjunctioengtbdre solution or soap.

These figures are very similar to thaseently reported by Wu et.¥lAlso consistent with the results

of Wu et al, a significant proportion of patients reported failing to replace their contact lens case
regularly and in oustudy this was more common in patients who were alsecoopliant with lens

replacement.

3.6 Conclusion

Higher rates of nomompliance with the MRRF were found in this study compared with previous
studies conducted at the Centre for Contact Lens Reseawtyéo consistent with the other

studies, norcompliance was more prevalent for 2WR compared to 1MR silicone hydrogel lens
wearers. In addition, the relative mean replacement interval (actual replacement as compared with
recommended reatement) for lensegcommendetb be replaced after 2 weeks was significantly
longer than for lenses recommended to be replaced after 1 month. This was found to be the case for

recommendations made by both the manufacturers a

Twenty-three percet of patients reported experiencing a significant problem with their lenses during
the preceding ongear period. Patients who were compliant with the ORRF had a lower rate of these
selfreported problems than those who were-nompliant. In order to acecately determine the
frequency with which SiHy contact lens wearers experience contaateletsd complications, a
prospective study design would be required and conducted with a larger sample size over a longer

period of time.
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Chapter 4 describes a study in which current and lapsed contactdaresswcompleted an online
guestionnaire regarding their current lens wear and care practices to evaluate the possible impact of
nonrcompliance with recommendations for lens replacement on discontinuation from contact lens
wear. Contact lenses and caretegss were selected by the participants using photographic aids

which were developed during a previous study which was described in Chapter 2.
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Chapter 4
The Possi bl e Fcnopnapclti aonfc eNoonrn Cont act

Di scontinuati on

This chapter is published as follows:

Thelmpact of Contemporary Contact Lenses on Contact Lens Discontinuation
Kathy Dumbleton, Craig A. Woods, Lyndon W. Jones, Desmond Fonn

Centre for Contact Lens Research, UniversitMatterloo, Waterloo, Ontari@anada
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4.1 Overview

Objectives:Di s cont i nu etuifrabmconact lefisdGL)owmear continuesatfflict the
contact lens industnyfhis study was conducted to determine whether the advent of new CL materials

and designs has impacttak dropout rateand the reasons for discontinuation

Methods: Current anddpsed CL wearers residing in Canada were recruited using Facebook to take
part in an on line survey investigating CL wearing experiences duringi220B0 ando establish
the percentage of participants who temporarily and permanently disconGhuedarduring the

period surveyed

Results 4207 eligible surveys were received (64% female; median age 27 years). 40% had lapsed
from lens wear for at least 4 months; however, 62% of lapsed wearers (LW) resumed wear. There
were no differences between LW and dapsed wearers (NLW) with respect to gender, however

LW were older, started wear when older and had not worn lenses for as long as NLW (all p < 0.001).
More NLW than LW wore SiHy CLs (49% versus 38%, p<0.001) and more LW than NLW wore

daily disposable leses (DD) and hydrogel CLs (24% versus 19% and 22% versus 18% respectfully

p 0.001).Primary reasons for discontinuation were discomfort (24%), dryness (20%), red eyes (7%)

and expense (7%). Compliance with lens replacement was no different between LW and NLW (48%

versus 45%)

Conclusionrs. 23% of those surveyed had discontinuedwidar permanently. The primary reasons

for dropping out continue to be discomfort and dryness. Drdgpates were lower in SiHy wearers.
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4.2 Introduction

Di scontinuation or fdr op o uinmgactthercontactlers mdustint | en s

two separate studies conducted in Canada in the 1990s, between 34% and 51% of wearers reported
discontinuing from contact lens wear for some period of tifEhe most common reasomeported

for discontinuing weawerediscomfort, dryness and the onsévisual problems associated with
presbyopid® However, since these studies were conducted, many new lens materials, modalities and
designs have been introduced to the markejuably the most radical changes have been the

introduction of daily disposde (DD) contact lenses and silicone hydrogel (SiHy) mate'fals.

SiHy lenses have eliminated many of the hypegiated problems associated with conventional
hydrogel lense$™® and improved comfort with these materials has hésn reported in sevéra
studies'**® These lenses may also be prescribed for extended and continuod$3wehich offers

an extremely convenient modality for patients who either prefer a permanent correction of their
ametropia or not to have to clean and disinfect thasde on a daily basis; however, extended wear
shows a higher incidence of microbial keratitis compared to daily wear regardless of lens design or
material®***In a similar way, DD lenses also offer many lifestyle advantages and the ultimate in
conveniene for contact lens wearers; in addition, these lenses have been shown to be beneficial for
patients who suffer from seasonal allerdf&S and other complicationsvhich can result from re

usable contact lens wear including contact lens papillary caijitisc™ In general very few
complications have been reported to occur in DD lens wearers when compared with spectacle
wearers’’ however, serious complications including microbial keratitis can still occur with this
modality, particularly if patients amot compliant with their replaceméhRecently enhancements

have been made to some DD lenses which have been shown to result in improvements i®édmfort
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It is not known whether these innovations in lens materials and modalities have impacteg-the d

rate from contact lens wear or the reasons for discontinuation.

This study was designed to investigate the current rates and reasons for discontinuation from contact
lens wear. The specific objectives of the study wemstablish the percentagéstudyparticipants

who hadtemporarily and permanently discontinuzmhtact lens wear during the qualifying period of

two years (2008 2010), to investigate the causes of discontinuation and to determine whether there
was a difference in the rate osdbntinuation based on lens materials or designs, and compliance

with recommended intervals for lens replacement. It was decided that the study should be conducted
in Canada to allow comparison with the results from the two previously reported Castadiest

Sinceit is possi bl e t hmayactpablysycdessfully retorn 0 Bnsodlae o ut o
terms Ol apsed and/ agratdleap g édh The Baiamoigdesaninglens s e d

wear were also evaluated for the lapsed wearers

4.3 Materials and Methods

4.3.1 Study design

Ethics approval was obtained through the Office of Research Ethics at the University of Waterloo
before commencement of this studghich was conducted following the tenets of the Declaration of
Helsinki. The study comipsed of an online surveurrent andapsed contact lens wearers residing
in Canada were recruited to take part in the survey via the social media website Facebook
(www.Facebook.com). The target sample size was 4500. Previous studies on contact lens
discontinuation have been smaller (approximately 1500 in the most recent Canadiaf), study

however since the current study was conducted online, a larger sample size was possible.
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Prior to completion of the survey, prospective participants were inviteddareanline information

letter and were required to indicate their consent to participate by clicking on a radio button, which
took those prospective participants to the first page of the survey. On this pagesaf preliminary
guestionsvere askeda confirmeligibility. Only Canadian residents who were at least 17 years old,

had purchased contact lenses in Canada between 2008 and 2010, and had worn contact lenses for at
least six consecutive months during this period were eligible to participateldnto be considered a
lapsed weareparticipants were additionally required to have discontinued contact lens wear for a
period of at least four consecutive months during the same time petidtipl®&entries from

identical hternet protocol (IP) addss were not permittetheligible participants were advised that

they did not meet the criteria for the study and were not able to continue with the survey.

The first phase of enroliment involved general advertising on Facebook for both current athd lapse
wearers (17 or older). Age monitoring throughout the study revealed a high initial response rate from
patients under the age of 30 years. A recruitment strategy targeting account holders over the age of 30

years was implemented after two thirds of thelgtparticipants had been recruited.

Lapsed and notapsed wearers completed different versions of the survey. In addition to collecting
general demographics and responses relating to contact lens wear, which were asked for all wearers,
lapsed wearers weesked several additional questions. These were the main reason for stopping lens
wear, whether they resumed wear again during the period of time evaluated, and if so, the primary

reason for resuming lens wear.

The questions relating to contact lensesnwwere asked in a sequence which was designed to aid
selection of the lens type worn. Participants were asked first if they wore rigid (RGP) or soft lenses.

Those responding soft, were then asked if they wore DD lefisese(n s es di sposed of
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eac h d allywerg asked if they were wearing toriclenfesl e si gned t o cpand ect as
if they were weari ng dneuslitginfeodc atlo ocrip Afierefcotc aplr el sebnysoe
responding to these questions, participants were asked tothelecontact lens brand (with the

exception of RGP wearers) from a linked page with photographic aids and names of the possible

products used; i.e., participants selecting DD lenses were only directed to a linked page with images

of DD lenses, etc.. Pactpants who did not make a selection from the product photographs were

asked to manually enter the name of the brand of their lenses.

Participants selectingt@sable soft lenses were also asked to select their contact lens care products

from a linked pag listing images with photographic aids and names of contact lens products available

in Canada at the time that the study was conducted. Once again, participants who did not make a

selection from the product photographs were asked to manually enter th@htma brand of their

care products. All reisable soft lens wearers were also asked whether and how often they rubbed and
rinsed their | enses prior to storage and whether
lens case (i.e., added newlenar e sol ution on top of the previou:
Upon completion of the survey participants were given the opportunity to receive a $10 gift card by

mail if they chose to provide their name and address.

4.3.2 Data analysis

Where relevantjata analyses were conducted using Statistica 9.0 (StatSoft Inc. Tulsa, OK). Data are
presentedintablemmdchartea s frequency distributi owasusedfor si gni f
all analyses witlChi- square tests used to compdifferencesm counts and twaided difference

between two proportions tests when comparing proportional differences between the groups

investigatedStudent #tests were used to compare differences between the two study populations.
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For the purposes of analysiapked wearers includkethose who wergermanently lapsed arldose
who may have resumed weduring the period evaluated. In these casesabgonsessed were

thosefor lenses worn whethese participantfrst lapsedrom lenswear.

4.4 Results

4.4.1 Study participants

In total, 4851 participants completed the online survey. Of these, 4207 surveys were eligible for
analysis. The remaining 644 were excluded for the following reasons:
513 dubious repeats (duplicate address, hames etc.);

142 questionable RGP respondefitnses replaced at intervals of less than three months);

two respondents who were too young to participate (under 17 years) and;

=A =4 =4 =4

two respondents who were ineligible with respect to country of residence (Russia and

Lithuania).
Completed surveys wereaaived from every province and territory in Canada, with the highest

number of responses coming from Ontario (69%) followed by British Columbia (13%).

Sixty four percent (64%) of participants were female. The mean age was 30 years (median 27 years,
rangingfrom 17 to 77 years). Sixty percent (60%, 2512) of the participants were identified as current
lens wearers and 40% (1695) were identified as lapsed wearers. Almost two thirds of these (1049) did
resume wear again during this period, but approximateltrorteof these (333) later stopped once

again. This resulted in a final rate for lapsed wearers of 23% (Big@)e4-1 shows the distribution

of participants and@’able4-1 summarizes the participantrdegraphicsThere were no differences

between lapsed and ndeppsed wearers with respect to gender; however, lapsed wearers were older,
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had started wear when older and had not worn lenses for as long-lapset wearers (all, p <

0.001).

|

4207

Eligible surveys

]

I

646 (15%)

23%—| Never resumed

[

J
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Stopped wear again

J |

Y )
1695 (40%) 2512 (60%)
Lapsed Non-lapsed
1 current wearers
I
1049 (25%)
wear Resumed wear
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333 (8%) 716 (17%)

Previously lapsed
1 current wearers

J

Figure 4-1: Distribution of survey participants

—77%

Table4-1: Survey participantsd demographi
All participants Non-lapsed Lapsed p values
% Female 64.4 64 65 0.555
Currert age (years) 29.6 £10.2 28.7+9.8 30.9+10.6 <0.001
Median age (years) 27 26 28
Age range (years) 17-77 17-77 17-72
Age started wear (year: 20475 19.1+6.3 22.4+£8.7 <0.001
Median age started we:x 18 18 20
Years of wear* 8976 9577 59+6.4 <0.001

* Only includes lapsed wearers with wearing experience of > 1 year
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4.4.2 Reasons for lapsing from and resuming lens wear

Twenty-seven percent (27%) of lapsed wearers reported wearing their lenses for only six months
prior to stopng lens wear; 38% reported wearing their lenses for more than six months up to 12
monthsand 35% reported wearing their lenses for more than one year. For those wearing lenses for
longer than a year before discontinuing, the mean length of wear wa$ 3.ears (median three

years, range one to 35 years).

The main reasons for stopping lens wear (only one response per participant) are dfigueh2
andTable4-2. The reason most frequently giveaswdiscomfort (24%) followed by dryness (20%).
Responses have been separated by age into participants aged forty and younger and participants aged
41 and older. The distribution of responses is similar, except that a higher proportion of the older
participants cited poor distance and near vision, or just poor near vision, than the younger

participants. A higher proportion of the younger participants cited discomfort, running out of lenses,

lenses being too expensive and becoming pregnant.
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Figure 4-2: Reasons for lapsing from lens wear
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Sixty-two percent (62%) of the lapsed wearers (n = 1049) resumed lens wear after the first period of

stopping wear. The most common reason for resuming wear was preferrirapezirance in

contact lenses (32%) followed by preferring the convenience of contact lenses (21%). Fourteen

percent (14%) of those resuming wear said that it was because their eye care practitioner (ECP) had

recommended a different contact lens typertyivo percent (32%) of those who resumed lens wear

discontinued again during the time period evaluated (n = 333) with the primary reasons given once

again being dryness and discomfort.
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Table 4-2: Reasondor lapsing from lens wear

Reason % of lapsed wearers
| experienced discomfort with the lenses 24.4
| experienced dryness with the lenses 19.9
| experienced red eyes when wearing my lenses 6.8
| found that it was too expensive to maintain the lenses 6.8
| disliked or found handling the lenses too much bother 6.3
| ran out of lenses and did not buy any more 5.8
| found caring for the lenses too much bother 5.7
| experienced an eye infection 4.7
I had poor vision with my lenses (distance and near) 3.7
| had seasonal allergies and could not tolerate the lenses as well 3.6
I had poor near vision with my lenses 2.6
| became pregnant and could not tolerate the lenses as well 2.6
My eye care practitioner recommended that | discontinue lens wee 2.5
| had sereyesurgeryto correct my vision 1
Other (only select this if your reason does not fit into one of the ab 3.6

4.4.3 Contact lenses

Forty-five percent (45%) of lenses worn were reported to be SiHy lenses, 21% of lenses worn were

daily disposale (DD), 20% hydrogel (hot DD) and 5% rigid gas permeable (RGP). The remaining

10% of | enses worn were classified as fAunknown s
participants had selected fAsoft o aheseprowvigledl ens typ
and the lens name that they entered could not be definitively identified as a SiHy, DD or hydrogel

lens.

The distribution of lens type worn by group is presentelinie4-3. A higher proportiorof non

lapsed thatapsed wearers reported wearing SiHy lenses (49% versus 38%, p < 0.001) and a higher
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proportion of lapsed than ndapsed weareneported wearing DD lenses (24% versus 19%, p <

0.001)and hydrogel lenses (22% versus 18%, p = 0.001)

Twenty-four percent24%) of participants reported wearing toric lenses and there was no difference
between the lapsed and nlaipsed groups (25% versus 23%, p = 0.461). Twelve percent (12%) of
participants over 40 years of age said that they were wearing bifocal or mulfoees and there

was no difference between the lapsed andlapsed groups (11% versus 13%, p = 0.278). Thirteen
percent (13%) of participants over 40 years of age said that they were wearing monovision lenses but

once again there was no difference betmvthe lapsed versus rtapsed groups (12% versus 14%, p

=0.352).
Table 4-3: Distribution of lens types and materials worn

All participants Non-lapsed Lapsed p values
Silicone Hydrogel 45 49 38 p<0.001
Hydrogel 20 18 22 p =0.001
Daily Disposables 21 19 24 p = 0.001
RGPs 5 5 5 NS
Unknown soft 10 9 12 NS

Thirty-eight percent (38%) of participants reported purchasing their lenses from an optometrist, 43%
from an optician or optical store and 14%ovehe | nternet. Five percent
purchase pattern was similar for all lens types with the exception of RGP lens wearers where the vast
majority purchased lenses from their optometrist. A significantly higher proportion of lapsed wearers

purchased their lenses from an optician, compared witHaqsed wearers (48% versus 39%, p<
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0.001) and a significantly higher proportion of Hapsed wearers reported purchasing their lenses

from the Internet, compared with lapsed wearers (16% versusd2%.001).

4.4.4 Wearing schedules

Overall, 85% of participants reported wearing lenses for daily wear only; 9% reported occasional
overnight wear (wearing lenses during sleep for two to three nights a month); 3% reported frequent
overnight wear (two to threg@ghts a week); and 3% reported extended or continuous wear almost
every night. Significantly more lapsed wearers repoatgdovernight weacompared with non

lapsed wearers (16% versus 13%, p = 0.024); however, there was no significant differenae betwee
lapsed and nofapsed wearers with respect to the average numbeglafs per monttthat they

reported wearing lenses during sleep (5 nights, p = 0.493). The average wearing time reported was
12.3+ 3.1 hours per day (median 13 hours) &Gt 1.6 daygper week (median six days). Lapsed
wearers reported significantly shorter wearing times (£2® versus 12.4 + 3.1 hour)d fewer

days per week (5.8 1.7 versus 5.8 £+ 1.6 dayaf) wear than nothapsed wearers (both p < 0.001).

Fifty-three percent %) of participants reported that they wished that they could wear their lenses
longer.When asked why they could not, 45% of participants responded that it was because their eyes
became dry; 43% because the lenses became uncomfortable; 8% becausestieicaye red; and

4% because their vision was no longer acceptable. A higher proportion of lapsed thapsedn

wearers reported that it was because the lenses became uncomfortable (49% versus 38%, p < 0.001)
and a higher proportion of ndapsed thandpsed wearers reported that it was because their eyes

became dry (50% versus 37%, p < 0.001).
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4.4.5 Care systems

Fifty eight (2%) of the participants wearingueable soft lenses did not select a picture from the
contact lens care systems displayed or givea $gstem name. Of those selecting a picture or giving

a name, 85% reported using a brand name multipurpose solution (MPS), 2% reported using a private
label MPS and 13% reported using a hydrogen peroxide system. There was no difference in the
proportion d lapsed versus nelapsed wearers using a hydrogen peroxide care system (p = 0.110) or
using a brand name or private &IPS care system (p = 0.648)verall, 57% of participants using

a care system reported rubbing and rinsing their lenses with sohéfore storage every night.
Significantly more lapsed wearers reported rubbing and rinsing their lenses every night compared
with nonlapsed wearers (64% versus 53%, p < 0.001). Overall, 41% of participants using a care
system reported topping up theation in their lens case occasionally, frequently, or almost every
night, instead of replacing the solution each day. A significantly higher proportion -¢dpeed

wearers than lapsed wearers reportedertopping up their solution (61% versus 56%,{610).

4.4.6 Replacement frequency

A replacement frequency (RF) of more than one day was considered to-bemplmant with the
Manufacturer Recommended Replacement FrequaMBRE) for DD wearers; a RF of 17 days (i.e.
less frequently than twice a month) wamsidered to be necompliant for lenses with a MRRF of
two-weeks; and a RF of more than 34 days eassidered to be necompliant for lenses with a
MRRF of onemonth. Compliance rates were highest with DD lenses and lowest wiiveeio
replacement leses (pO0.007);overall 46% of the participants were compliant with the MRRF.

Compliance Wth the MRRF was 45% in netapsed wearers and 48% in lapsed wearers (p = 0.053).
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Compliance with the MRRF was higher for SiHy lens wearers than for hydrogel éamera/ (45%

versus 38%, p = 0.002).

Forty-eight percent (48%) of RGP wearers reported replacing their lenses at intervals of 12 months or
less while the remainder reported replacing their lenses at intervals of greater than one year. There
was nho option forecording the exact length of time before replacement when it was greater than one

year and it is not therefore possible to determine compliance with replacement for RGP wearers.

4.5 Discussion

To our knowledge, this is the largestwey conductedo invesigatediscontinuation of contact lens

wear since the introduction of SiHy and DD lenses to the market. Forty percent of participants were
identified as lapsed wearers and had discontinued contact lens wear for a period of at least four
months during the pid surveyed (2008 to 2010). Almost two thirds of these participants did

resume wear again during that same period, but approximately one third of those resuming wear later
stopped once again. The rates for temporary and permanent lapses from lenghecanirent study

are somewhat higher, at 40% and 23% respectively, than those of 34% and 12% respectively, which
were reported in the 1999 stutlin another previous study specifically investigating success in

refitting lapsed contact lens wearers, shertterm success rate was reported to be 7 itwever in

that study lapsed wearers were recruited specifically to determine their success with being refitted
compared to the current study in which participants simply reported whether they had resamed w

during the period investigated.

Almost two thirds of participants were female and the median age of participants was 27 years. There

were no differences between lapsed andlapsed wearers with respect to gender; however, lapsed
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wearers were oldergll started wearing contact lenses ablder age, and had not worn lenses for as
long as norapsed wearers. These differences, although some are only small, are consistent with
those of Richdalet al® The somewhat younger demographic of participantsigsurvey is not

surprising since a social networking website was used for recruitment and participation in the study
required completion of an online survey. The distribution of participant age appeared to be somewhat
biased towards younger wearers whempared with data collected in Canada over a similar time
period as part of the international prescribing sufddywever, it should be noted that the current

study included contact lens wearers who had obtained their lenses from a variety ofaudiruats

just their eye care practitioner. While the majority of participants purchased their lenses from an
optometrist, optician or an optical store, 14% reported purchasing their lenses from the Internet. This
is lower than that reported in a study inkinb college students where the rate reported was 2%.5%

It is interesting that more than half of the lapsed wearers reported only wearing lenses for six to
twelve months before discontinuing from lens wear. Further study of this finding may provide
addtional insight into the reasons for discontinuing from lens wear but was beyond the scope of this

study.

The reasons given by the lapsed wearers for discontinuing wear appear to be very similar in this study
population as those previously reportédiscomfort and dryness were the most frequent reasons,
followed by red eyes, visual problems and expense. The distribution of responses was somewhat
different, however, between presbyopic participants or those who were approaching presbyopia (over
40 years ohge), compared with pgresbyopic or younger participants. A higher proportion of
participants in the older group reported poor vision (either distance and near or near only), while a

higher proportion of those in the younger participants reported ptighieixpense, running out of
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lenses or pregnancy as reasons for discontinuing lens wear. These results are not surprising given the

demographics of both groups of wearers.

The reported wearing time for lapsed wearers of daily wear lenses was signifstemtr each day,

and these participants reported wearing lenses for fewer days each week, compardapsedon

wearers. This finding is perhaps not surprising since the main reason for discontinuing lens wear has

been reported to be discomfort, whicbwd probably lead to shorter wearing times. Over half of the
participants reported that they wished they could wear their lenses longer. The most commonly
reported reasons given for not being-lapsed e t o wea
wea ers and fibecause the | enses become uncomforta
indicate that the | apsed wearer s 0 -lapgethpearersns wer e
and may have ultimately led to discontinuation of lens wesrsed wearers wishing to wear their

lenses longer also reported shorter daily wearing times thatapsed wearers.

When a study of this nature is conducted via the
lenses they wear, as well as braradnes, may not be accurate. This study incorporated photographs

of contact lens packaging since photographic aids have been shown to significantly improve lens
wearerso abil ity .Foveralg9soa dof partitipargsiwere wearimgssefidas and d s

5% were wearing rigid gas permeable (RGP) lenses. The proportion of participants wearing RGP

lenses was somewhat higher than reported for Canada in 2010 in the Mdbagamernational

prescribing survey’ however, our study included all weas rather than only patients being fitted or

refit and this could explain the higher proportion. Almost half the participants were wearing SiHy

lenses and 21% were wearing DD lenses; these proportions were slightly lower and higher

respectively when compad with the data from Morgaet alfor Canada from 2018 The
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differences could possibly be attributed to the method of data collection, i.e. an online survey
completed by wearers versus a fitting survey completed by ECPs. It is also possible thaHgome S
wearers did not recognize their packages and somsatgle lens wearers selected a DD package with

a similar name to their actual lens type.

One of the specific objectives of this study was to determine whether there was a difference in the
rate of dscontinuation from lens wear based on lens materials worn, lens replacement schedules and
compliance with recommended intervals for lens replacement. The study showed that a higher
proportion of noAapsed lens wearers were wearing SiHy lenses when codnpételapsed wearers.
While it is recognized that this finding could be attributed to a number of factors, one that should
certainly be considered is that fewer SiHy wearers lapse from lens wear because of greater comfort
afforded by lens materials, whittas been reportéd*®>3|f the overall comfort and end of day

comfort with SiHy lenses is superior to the comfort achieved with conventional materials, this could
well contribute to their overall success with contact lens wear. There have also bdaastg

innovations in lens design and parameter availability in recent years and many of these features are
available in current SiHy lens&%*” Optimal correction of vision for astigmatsand presbyope¥

should also result in lower rates of distonation from lens weatr.

A perhaps surprising finding was that a higher proportion of lapsed wearers were wearing DD lenses.
Despite improvements in comfort reported with some DD leff¢8®Ds are not pescribed by North
American ECPss frequently athey are in many other countri&sThis may be because they are
regarded as the lens of choice for either-tiaré wearers or patients already experiencing problems
with their lenses. These individuals may be more likely to lapse from lens wearst @oakible that

when prospective wearers do not seek contact lens care and advice from an ECP and simply order
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lenses over the Internet without a prescription, the lenses they choose are more likely to be DDs.
Without the appropriate lens fitting and insttion on lens wear and care, these wearers are more
likely to be unsuccessfuNon-compliance with lens replacement for this modality may also play a
role in success with this modality; with increased emphasis on the importance of compliance with
lens replacement a higher success rate may be found in DD lens wefrdrs.time that this study
was conducted, SiHy DD lenses were not in widespread Sanada. It was therefore not possible
to evaluate the combined role of a DD modality with SiHy materfrther study of this group of

lens wearers is required to better understand this finding.

A high proportion of participants wearing all types of soft lenses did not comply wilMRIRE=. In

the current study it was not possible to determine compliaitbehe ECPs recommendations for

|l ens replacement, since only the wearersdé report
lens types that were worn were availalilensistent with previous studies, the compliance rate was

highest for DD wearerand lowest for tweweek replacement wearéers* Although it has been

suggested that contact lens wearers who are not compliant with their contact lens wear and care may

be more likely to lapse from lens wear, no difference was found in this studydartipdiance rate

for lens replacement between lapsed andlapsed wearers. This suggests that-compliance with

lens replacement is not a major factor driving doop from lens wear.

In agreement with the work of Yeumg al,compliance with the MRR®as higher for wearers of
SiHy lenses when compared with wearers of hydrogel I€h3émere are several possible reasons for
this difference. It may be that lens replacement with SiHy lenses is driven by a deterioration in
subjective vision and comfoft The differences in surface deposition with SiHy lenses when

compared with hydrogel materials should also be considered as a possible reason for replacing SiHy
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lenses sooner than hydrogel len§é8 A prospective study investigating subjective and dbjec
lens performance with contemporary lens materials would however be required to further investigate

this finding.

The distribution of care systems used suggest relatively low use of private label care systems (2%);
however, it is possible that the aatpercentage was higher since some wearers of reusable soft
lensesdid not select or name their care system, possibly because it was a private label one for which
there was no picture, and some wearers may have selected a brand name care system because it
looked similar to their private label care system. A higher proportion of lapsed participants reported
topping up their cases with solution rather than completely replacing the solution each day; however,
since this study did not fully investigate conapice with all aspects of lens care, it is not known
whether wearers who do not look after their lenses appropriately are more likely to lapse from lens
wear. Previous studies have shown a higher rate of complications in patients who are not compliant
with lens wear and it is possible that these patients may discontinue lens wear as a result of the

complications’*°

4.6 Conclusion

Despite the introduction afewcontactiens materials, modalities and designs to the market
discontinuation from lens wear contigs to occur at a similar rate to that reported in the 1990s. The
rate does appear to be slightly lower in wearers of $8Hgedut the difference is relatively small

and the introduction of these materials does not appear to have had a profounch effeetpetual
problem of discontinuation of lens weaithough they do seem to represent a step in the right

direction Wearers of SiHy lenses weaitsofound to be more compliant with the MRRF.
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Chapter 5 describes a study which was conducted
States to determine whether patients who werecompliant with recommendations for lens

replacement attended for eye examinations less frequently than patients who were compliant.
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5.1 Overview

Purpose: Eye Care PractitionerECPs)acknowledgehat their patients do not always follow
recommendations for lens replaceméi many may not realize the possible implications for their
offices.The study wasonductedo investigate whethighere is a relationship between contact lens

compliance and the interval between eye examinations.(IEE)

Methods: The study was conducted in ECP offices in the United States. ECPs and patients

independently completed linked questionnaires evaluatingdbetact lens wear and care. Patients

were required to be current wearers of daily disposable (DD) lensesisabke silicone hydrogel

l enses with a manufactur er s MRREa 2weeke @WR)drlir epl ace

month (1IMR).

Results: 2147 questionnaires from 141 offices were eligible. 54% of patients were wearing 2WR,
37% 1MR and 9% DD lenses. Wearers of 2WR lenses were significantly less compliant with
replacementhan wearers of both DD and 1MR lenses (34% versus 74% and 67%<0dD1);

patients purchasing an annual supply were more compliant (55% versus 45%, p<0.001). The mean
IEE was 16 months and was longer for wearers who wereompliant with the MRRF (17.4

months versus 14.5 months, p<0.001). Other factors affecting #e&hausehold income (p=0.030),

insurance (p<0.001), purchase source (p<0.001) and gender (p=0.007).

Conclusions:Patients who were n@ompliant with the MRRF haldnger IEE and were less likely

to purchase an annual supply of lenf&aientsvho purchasetenses from their ECP, had a higher
household income, hayeexaminationnsurance, and were femdiad shorter IEESPatientdailing

to replace their lenses when scheduled were also found to be less compliant with lens care procedures.

ECPs should reforce the importance of all aspects of lens wear and care with their patients with the
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overall aim of reducing possible complications and retaining successful contact lens wearers in their

offices.
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5.2 Introduction

Non-compliance in health cales been a pic of concerrfor many yearsRates of compliance can

vary considerably depending on the type of treatment or intervention; compliance with the use of
longterm medication therapidgms been reported to be between 40% and 50%, with higher rates for

the u® of shortterm medications but much lower rates for compliance with lifestyle changes.

number of factorbiave been reported to contribtenonrcompliancewith therapeutic interventions;

these factorbave beerategorized spati@ntcentered facta; therapyrelated factors, social and
economidactors, healthcare system factors, and disease factdten-compliance with

recommended contact lens wear, care and replacement is extremely common and was first reported in
the 1980s%“ since this timahere have been numerous studies investigatingcompliance with

many aspects of contact lens wear.

While eye care practitioners (ECPs) generally accept that patiagt®enon-compliant with contact

lens wearcareand replacememecommendationghey oftenassume that their own patients are more
compliant than the general contact lens wearing population. In a study previously conducted by the
Centre for Contact Lens Research (CCLR), six private optometric offices showed a similar level of
noncompliance with lens replacemeftr ovi di ng i nformati on on ECPs®d
valuable tool in improving complianaeith contact lens wear and care. It would also be interesting to
determine whether patients who visit their ECPs more frequently fa&ainations are more

likely to be compliant in the contact lens waad care in general. Theain purpose of this study

was to investigate whether there is a relationship between contact lens compliance and the frequency

of eye examinations.
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5.3 Methods

Ethics approval was obtained through the Office of Research Ethics at the University of Waterloo
before commencement of this study, and the study was conducted following the tenets of the
Declaration of HelsinkiLetters of invitation to participate in theusly weresent by the CCLR to
approximately 50@&ye Care Practitione(&CP officesin the United StatedAn office was

considered eligible to participate in the study if the office had a minimum of 1000 contact lens
wearing patients; the office prescribagily disposable (DD) and twaweek and onenonth

replacement silicone hydrogel (SiHy) lensesidg materialsvere subsequently delivered to those

eligible ECPswho indicated that they would like participatean the study

A target of 50 patient parijgants at each office was set for the study. Patients were considered
eligible to take part in the study if they were at least 16 years of age; were existing contact lens
wearers of DD or SiHy Il enses who hadofficeandi ved
were attending the ECG#ffice for a routine full eyexamination on the day that they were asked to
participate. Hgible contact lens wearevgeregiven a letter of explanatidoy their ECPand if they
agreed to participateyereasked to cmplete the patient portion of a twmart questionnairabout

their lens wear and lens caRatiens were instructed to settiar part of thecompleted questionnaire
and return it to the office staff. Patients participating in the study were eligitdedive a VISA®

gift card upon completion of the questionnaire. The ECP then completed a separate part of the
guestionnaire witliletailsregarding the interval between eye examinations, the contact lenses
prescribed and instructions for contact lens wedrcarme for the patient. Both parts of the

questionnaire were coded with a unique number for the office and a participant identification number
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for the patient. This combination of numbers ensured that the responses from the ECP and the patient

were linkedwhen the data were analyzed.

The completed questionnaires, along veithoffice questionnaire in which ECPs reported their office
demographics andr@scribing patterns, were saatan independent dataading centre

(DATACORE Marketing LLC).The data reding centre generaden fir eport cardo for e
ECPs participating in the study detailing the results from their patiemse report cards and the

data from all the patients completing questionnaireesent to theCentre for Contact Lens

Researh (CCLR). The CCLRsentthe rgort cards to the ECP offices anata analysis for the entire
cohortwasconducted by the CCLRhis manuscript reports on the entire data set and not on the

individual ECP report cards.

Where relevant, data analyses wasaducted using Statistica 10.0 (StatSoft Inc. Tulsa, OK}. Chi

square tests were used to compare differences in countev@sdied difference between two

proportions testwereused when comparing proportional differences between the groups
investigatedStudent #tests were usedthere relevaniGeneral linear models were used to analyse

Afdays between eye examso and @Al ens care compli an
(continuous predictor), gender (f/m), insurance (yes/no) and household incoatedgsries). A
significance | evel of p O 0.05 was used for all

than one response was selected by the participant when only one was expected.
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5.4 Results

5.4.1 Questionnaires

A total of 3384 ECP questionnairasda3433 patient questionnaires from 141 offices were received
by the data reading centi@ata from these questionnaineere sento the CCLR and data from
ineligible patients (not current DD or SiHy wearers, insufficient lens type information and/@rsvear
under the age of 1anddata fromquestionnaires for which there were not corresponsi@agons

from both the ECP and the patiewere removed prior to analysiBhe total number of

guestionnaires eligible for analysis was 2147.

5.4.2 Demographics

The awerage number of contact lens patieatteach of the offices wasportedto be2122+ 1202
(range 1000 to 8000T he average proportion of daily disposable lens wearers was repooed%b,
two-week r@lacement wearers 47&hd onemonth replacement weans 44%The participant

demographics are shownTable5-1.

5.4.3 Contact lenses

Information for the lens types wo(right eye only)was tiken from the ECP questionnaifidie lens

brands worn are listed ifable5-2: Lens types war. The Manufacturers Recommended

Replacement Frequency (MRRF) for lenses worn and the ECP recommendations for lens replacement
are shown irFigure5-1. Eighty-five percent (85%) of the spherical componefeases worn were

minus powers and 15% were plus powers. Seventy percent (70%) of patients reported that they
purchased their contact lenses from their ECP, 21% from a discount store, 7% from an Internet
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supplier and 2% from another optical supplier. y~dhtree percent (43%) purchased the
recommended amount for a epear supply, 32% purchased the minimum they could purchase, and

25% purchased more than the minimum but not a full year supply.

Table 5-1: Parti cipant Demographics

Participant Demographics
Age _ 36 £ 13 years
median 34 years (16 to 81 years)
68% female, 31% male
Gender
1% no response
. 14 + 10 years
Yearsin CL median 12 years (one month to 54 years)
Household Income <$20,0(¢ 11%
$21,000 to 40,00( 25%
$41,000 to 80,00( 33%
$81,000 to 120,00 21%
>$120,000 10%
Have Vision care insurance 62%
Insurance covers annual exal 56 % (91% of those with insance)

Seventyfive percent (75%) of patients reported wearing their contact lenses every day. The average
reported wearing time was 143.5 hours (median 14 hours)ith an average comfortable wearing
time of 13.0 £ 4.9 hours (median 12 houiid)e poportion of patients reporting sleeping while

wearing their lenses, and the proportion for which this was recommended by the ECP are shown in

Figure5-2.
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Table 5-2: Lens types won

Lens Name Number reported % by lens type
DD lenses
1 DAY Acuvue 12
1 DAY Acuvue Moist 33
1 Day Acuvue TruEye 26
Biomedics 1 Day 2 9% DD
Dailies / Dailies Aqua Comfort Plus 90
Proclear 1 Day 10
Soflens DD 10
Other 10
Total 7 Daily Disposables 193
Spherical SiHy lenses
Acuvue Advance 199
Acuvue OASYS 635
Air Optix AQUA 191
Air Optix Night & Day 116 63.5% Spherical SiHy
Avaira 27
Biofinity 70
02 Optix 57
PureVision 70
Total 7 Spherical SiHy 1365
Toric SiHy lenses
Acuvue Advance for Astigmatism 55
Acuvue OASYS for Astigmatism 205
Air Optix for Astigmatism 81 20.5% Toric SiHy
Biofinity Toric 61
PureVision Toric 41
Total T Toric SiHy 443
Multifocal SiHy lenses
Acuvue OASYS for Resbyopia 32
Air Optis AQUA Multifocal 65 7% Multifocal SiHy
PureVision Multifocal 48
Biofinity Multifocal 1
Total i Multifocal SiHy 146
Total i all lens types 2147 100%
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Figure 5-1: The ManufacturersoRecommendedRreplacement Frequency (MRRF) for lenses
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Figure 5-2: The proportion of patients reporting sleeping while wearing their lensesnd the

proportion for which this was recommended by theEye Care Practitioner (ECP).
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5.4.4 Interval between eye examinations

ECPs recommended an interval between full eye exams (IEE) of one year for 98% of patients. The
actual mean IERvas 482 days or 16 morstiimedian 420 days or 14 montH&E did vary somewhat

by category of recommended replacememe mean interval for DD wearers was 441 days or 14.7
months (median 401 days), for tweek replacement wearers 492 days or 16.4 months (median 431
days) anddr onemonth replacement wearers 478 days or 15.9 months (median 412 days). The
differences were however only significant between wearers efwgak replacement lenses and DD
lenses (p=0.034) he influence of a number of factors on the IEE is summaniz&dble5-3. The

IEE alsovaried across the income brackets (p=0.030) with a trend towards a greater interval for the

two lowest income brackets.

Table 5-3: The influence of variousfactors on the interval between eye examinations

Factor Mean IEE in Days p value
Gender M 521 F 479 0.007
Insurance covers eye exam Yes 470 No 530 <0.001
Income Varies indirectly with income 0.030
Purchase source ECP 465 Other 522 <0.001
Purchase@nnual supply Yes 485 No 480 0.66

5.4.5 Compliance with lens replacement

The actual replacement frequency (RF) was not always in compliance with the MR&Fers of

two-week replacement lenses were significantly less comB#8t)with the MRRF than wears of
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bothDD (74%)and onemonth replacement lens@7%) (p<0.001) but there was no significant
differencein compliance with the MRRF between wearers of DD andmaeth replacement lenses

(p=0.066). The reasons that the patients gave for wearindehsés for longer than recommended

are shown irFigure5-3.
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Figure 5-3: Patient reported reasons for wearing their lenses for longer than recommended.

The mean age of MRRF complidans wearers was slightly higher (3&23.5 years) than for
MRRF norcompliant lens wearers (34+312.5 years) (p<0.001). The MRRF compliance rate was
similar for females (50.1%) and males (48.3%) (p=0.4Shigher proportion of patients who
purchaed lenses directly from their ECP were compliant with the MRRF when compared with
patients who purchased their lenses from other sources (51.5% versus 44%, p AR

proportion of patients who reported purchasing aye® supply of lenses wecempliant with the
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MRRF compared with those who purchased less than-gearesupply (55% versus 45%, p<0.001).
Compliance with MRRF was also found to increase across five household income brackets and was
significantly greater in the higher income tkat( >$120,000, 60%) when compared with the lower

income bracket (<$20,000, 39%) (p<0.001).

Figure5-4 shows the proportion of patients who were compliant with the MRRF for increasing IEE.
The actual IEE for each of the lens wagrmodalities and for both MRRF compliant and ©ion

compliant groups is shown in Figure 5. The average interval between eye examinations was longer in
the MRRF norcompliant group for wearers of omeonth and tweweek replacement lenses

(ANOVA and Tukey poshoc, p<0.001).
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Figure 5-4: The proportion of patients who were compliant with the MRRF for increasing

Interval between Eye Examinations.
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Figure 5-5: Interval between Eye Examinations (IEE) according to thdvlanufacturersd

Recommended Replacement FrequengvRRF).

5.4.6 Contact lens care

Eighty eight percent of patients using a care system reported using a multipurpose system and 12%
reported using a hydrogen peite system; these were reported by the patient selecting a picture
image of their care regimen on the questionnaire. The frequency of hand washing (before insertion
and removal), rubbing and rinsing lenses and topping up solution are summaiiabdeid-4. The

proportion of wearers always washing their hands before insertion was significantly greater than those
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always washing their hands before removal (p<0.001). The frequency of contact lens case cleaning

and replacement are®hlin in Table5-5.

Table 5-4: Contact lens care

Frequency of hand washing

Prior to lens insertion %

Prior to lens removal %

Every time 70 62
Most of the time 25 29
Never, or Almat never 5 9
Lens Care
Rub & Rinse % Top Off solution %
Every night 29 6
Most nights 19 7
Once a week 13 19
Never, or AImost neve 38 71

Table 5-5: Contact lens case care and replacement

Clean caseén

Every day 19

Most days 13

Once a week 21

Once a montH 25

Never, or Almost neve 22

Replace case %

Every month 15

Every 3 months 21

Every 6 monthg 22

Once a yeal 26

Never, or AImost neve 15

An overall lens care compliance score was caledl&dr each patient using the responses to the
contact lens and contact lens case care questions using the scoring system Slatwebi6. Using

this system, patients could have a minimum score of 0 (extremely poor compdiadae)maximum
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sore of 28 (excellent compliance). The mean compliance score for wearers who were compliant with
lens replacement was significantly higher than those who wereorapliant (7.2 versus 15,4

p<0.001) regardless of the MRRF. Factors affedtirgcompliance score were age and gender. Both

of these effects were small; the correlation between age and lens care compliance score was positive

but low (r=0.20, p<0.001), and the mean score for females was 16.4 compared to 15.5 for males

(p=0.0019).

Table 5-6: Lens care compliance scores

Score / Response

Content of Question 4 3 2 1 0
Hand wash removal | Every time Most times Never / almost nevel
Hand wash insertion| Every time Most times Never / almosnever
Rub and rinse Every night Most nights Once /week| Never / almost neve|
Top off Never Occasionally| Frequently | Every night
Clean case Every day Most days | Once /week | Once/month| Never
Store case* Caps off/down Caps off / up Caps on
Replace cas Every month | 3 months 6 months Every year | Never

* Patients using AQuIif® with a PreGuard® case would be considered compliant if they stored their case with the caps on,
however no patients specifically reported using this care system.

5.5 Discussion

While ECPs may recognize that their patients do not always follow their recommendations for lens
wear, care and replacement, many may not realize the possible implications for their offices. The
purpose of this study was éwaluate contact lens compliance #sdossible role in the frequency

with which patients visit their €EP for routine eye examinations. Compliance issues considered

included lens replacement, overnight wear and lens care. Possible relation of the interval between eye
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examinations to pur@se practice (where and how many), income, and insurance coverage were also

explored.

Just over two thirds of patients taking part in this study were female and the median age was 34 years
so it was felt this was representative of the general contacivksaring populatiofi. The patients

were established wearers, with a median of 12 years of lens wear and the majority wore their lenses
most days of the week, with a median wearing time of 14 hours each day. The majority of patients
were wearing sphericall®y lenses; toric and multifocal designs were worn by 21% and 7% of the
patients, respectively. Only 9% of the patients taking part in the study were wearing DD lenses; this
value is somewhat lower than that reported by Morgaaifor the US populatiomi 2011, but

consistent with the prescribing patterns of the offingslved in the study’ The difference in the

proportion of DD lens wearers in the current study from that reported by Morgan et al may simply

relate to differences in study design anchgke size.

The American Optometric Association recommends intervals of two years for healthy adults aged 18
to 60 but the recommendations by ECPs for contact lens wearers are usually ‘shotttés . study,

almost all ECPs recommendations for their pasievere for an interval of one year between eye
examinations. The mean reported actual interval between eye examinations was however somewhat

longer than this.

Interestingly, the interval did vary somewhat by recommended replacement frequency, with the
shortest interval for DD wearers and the longest interval forweek replacement wearers; the
reason for these differences is not clear, but may be related to the higher compliance with replacement

by DD wearers prompting a return visit to the ECP fagreewed supply of lenses. This is supported
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by the finding that an-compiant weares of lenses with a MRRF of twaweeks and onenonthwere
found toattend their ECP offices for eye examinations at significantly longer intervals than wearers

who werecompliant with theMRRF.

Longer intervals between visits were also found for males than females and for patients who did not
have insurance which covered the costs of an eye examination. The interval between eye
examinations was also longer in patients repgréitower household inconaad patients who

purchased their lenses directly from their ECP returned for an eye examination more frequently than

patients who purchased their lenses from another source.

Consistent with previous studies investigating coamle with replacement of contact lendéshis

study has found that DD lens wearers have the highest rate of compliance with the MRRF, followed
by onemonth MRRF wearers and twoeeek MRRF wearers have the lowest rate of compliance with
lens replacementln this study monthly replacement compliance was not significantly different from

DD compliance.

Previous studies conducted by the CCLR which have investigated compliance with recommendations
for lens replacement have found that ECPs do not always neeodhthe same replacement interval

as the MRRF>#'° This was also the case in the current study. In agreement with previously
conducted studies, patients who were compliant with the MRRF were older thanmpfiant

patients but in contrast to previostsidies, no difference was found with respect to gefidén.this

study however, we found that patients with a lower household income had significantly lower rates of
compliance with the MRRF tharatients in the higher income brackefhis is not ernitely surprising

though; patients who may not have as much disposable income may be more inclined to stretch the
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life of their lenses in order to save monegterestingly, éhigher proportion of patients who

purchased lenses directly from their ECP wempliant with the MRRF. The primary reason given

for failing to replace lenses when recommended was once again forgetting which day to replace
lenses®*'**° but the second most reported reason was to save nidesgite the consistent finding

that fauty memory is the most cited reason for failing to replace lenses on schedule, it could well be
that financial status is the common thread that connects replacement compliance, where and how

many lenses are purchased and frequency of eye examinations.

Sevanty percent of patients reported purchasing their lenses from their ECP and only 7% purchased
lenses from an Internet supplier. These figures may not however be fully representative of the contact
lens wearing population in the US, since this study wadwtird through ECP offices and patients

had to be attending the offices to be eligible to participate; a recent Internet study conducted in

Canada reported that 14% of contact lens wearers had purchased their lenses on thé’internet.

When purchasing coatt lenses, less than half of the patients reported purchasing an annual supply.
Interestingly, compliance with the MRRF was higher in patients who purchased an annual supply
than for those who did not purchase an annual supply; suggesting that havingneeseavailable

may improve compliance with recommendations for lens replacement. A similar finding has also

been recently reported by Schnider and JedrasZtak.

When compared with the recommendations regarding sleeping while wearing lenses made by the
ECPs, many patients reported wearing their lenses while napping or overnight beyond what had been
recommended. It is of particular concern that patients are not following the recommendations of their

ECP with respect to this modality, as overnight weah wift lenses, regardless of material basn
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shown to be associated with a higher incidence of micrabidlinfiltrative keratitishan daily wear

1921

Non-compliance with contact lens care is a common and frequently reported{8irethis stuly a
higher proportion of patients reported failing to always wash their hands prior to lens removal when
compared with prior to lens insertion. This finding is interesting and suggests that patients place
greater importance in having clean hands befarg gut their lenses in when compared with

removing the lenses, when they will either be discarded or cleaned and disinfected with the care
system. Consistent with previous studfgéa high proportion of patients reported failing to rub and
rinse theilenses prior to disinfection after each wearing period. While some of these may have been
using a care system where this was not specifically recommended in the package insert or on the
packaging, failure to rub and rinse still represents poor compliattic@wtep that has been shown to
play a significant role in the safe wear of contact len§€SA significant proportion of patients also
reported Atopping offd their contact | ens cases

solution aftereach use, another area of concern with respect to the safety of contact leA&4vear.

There have been several recent publications on the appropriate care for contact lefl§takes.

results from the current study confirm that patients frequéaillyo care for and replace their lens

cases appropriately. For most patients, the methods for case storage while lenses were being worn did
not meet the hygiene guidelines recommended byt with only 12% reporting storing their

case with the wedl facing down and the caps dft** Recommendations for case replacement vary,

but the general consensus is that cases should be replaced at intervals of between three and six
months.?” In the current study only one third of patients reported repldhigigcase at least every

three months.
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Based on the responses to questions relating to compliance with lens care, a score was generated for
each patient wearinggsable lenses. Patients who were compliant with the MRRF had significantly
higher scores &. more compliant with lens care procedures) than those who were not compliant with
the MRRF, regardless of whether they were wearing lenses with a MRRF-oieeks or one

month. This seems to indicate that if a patient iscampliant with respect tone aspect of contact

lens wear, they are more likely to be rmompliant in other areas too and supports the finding of

Carntet althat ahigher risk taking personality style of contact lens weasasassociated with less
compliant behaviour? Other factors which were found to affect the compliance score were age
(younger patients had a lower score) and gender (lower scores for males than females); however, the

correlations were relatively low and may not be clinically meaningful.

5.6 Conclusions

In this gudy we have shomthat wearers of lenses with a MRRF of two weeks and one mdrah
are not compliant with recommendations for lens replaceattarid their ECP offices for eye
examinations at significantly longer intervals than wearers who are compliatt h t he manuf ac !

recommendations for lens replacement.

Additional interesting findings were that patients who purchased an annual supply of lenses were
more compliant with lens replacement, patients reporting a lower income were less compliant with
lens replacement and had longer intervals between their eye examinations and patients who reported
poor compliance with lens care in general were also more likely to fail to replace their lenses when

scheduled.

125



The findings from this study support the cept that practitioners need to continually remind patients
about the importance of replacing their lenses on a regular basis and that cases must be cleaned and
replaced regularly, if they are to maintain optimiumind safé performance with their lenseSCPs

may be able to improve patient compliance with lens replacement by encouraging their patients to
purchase an annual supply of lenses. This may, in turn, result in shorter intervals between eye
examinations. Both of these factors can only enhancel@me of their contact lens patients, with

the overall aim of helping patients to have a better lens wearing experience and retaining successful

contact lens wearers in their offices.
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Chapter 6 describes a survey that was conducted in four countries to investigate compliance with
recommendations for wear and replacement of daily disposable contact lenses. To our knowledge,
this is the largst study of its kind, to date, reporting specifically on compliance with the use of daily

disposable lenses.
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6.1 Overview

Purpose: To investigate compliance with daily disposable contact lens (DDCL) wear and investigate

re-use of lenses according to country and DDCL material worn.

Methods: Optometrists invited eligible DDChatients from their practices to participate in a survey
on DDCL wear in Australia, Norway, the United Kingdom (UK) and the United States (US). Eligible

participants completed an online or paper version of the survey.

Results: 805 participants completate survey (96% online): Australia 13%, Norway 32%, UK 17%,

US 38%. The median age was 38 years; 66% were female. Silicone hydrogel (SiHy) DDCLs were

worn by 14%. Overall9d% were norcompliant with DDCL replacemenfustralia 18%, US 12%,

UK 7% and Norwg 4%. There were no differences with respect to sex, years of contact lens wear
experience or DDCL material (SiHy versus hydrogels). The primary reasondfosre was fit o s av
mo ney 0 Re6se dbPDCLs resutdin inferior comfort at insertion and prito lens removal (p
=0.001).75% reported occasional napping and 28% reported sleeping overnight for at least one night

in the preceding month, while wearing their DDCLSs.

Conclusion: Non-compliance with replacement of DDCLs occurred in all countriessiigated; the

rate was highest in Australia and lowest in NorwayuRe of DDCLs was associated with reduced
comfort. DDCL wearers often reported wearing lenses overnight. It is important for optometrists to
counsel their patients on the importance ofrappate lens wear and replacement for DDCLs in order

to reduce their risk of developing complications.
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6.2 Introduction

Daily disposable contact lenses (DDCLSs) are becoming increasingly popular among patients and eye
care practitioners (ECP)s worldwidé. In addition to the benefits and convenience of a fresh new

lens each day and no requirement for a contact lens care system, this modality of lens wear has been
shown to offer many health benefits when compared with reusable contact I&hsesrior corfort,

vision and relief from allergies have also been reported with the use of DBCLs.

Unfortunately, not all patients wearing DDCLs are compliant with their replacement. In previous
studies conducted in Canada and the United States;aropliance wittDDCL replacement has

been reported to occur at rates between 12 to $8%pwever, the numbers of DDCL wearers in
these studies were relatively low and the figures reported may not be representative of compliance
with wear and replacement of DDCLs ither countries. At the time that these studies were
conducted, silicone hydrogel DDCLs were not commercially availdbfeand compliance rates for

replacement of these lenses has not been investigated to date.

The purpose of this survey was to furtegaluate compliance with replacement of DDCLs since the
introduction ofsilicone hydrogematerials, and to investigate any differences in compliance with the
replacement of DDCL among several countries around the world. The survey was also designed to
investigate the reasons for noompliance; the frequency of overnight lens wear with DDCLSs; the
regular source of purchase of the partiocipantsd
solutionscommonly used during nemreplacement; an estirian of the participants understanding of

the risk of norreplacement; and the reported subjective comfort of DDCLs when theyasede
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6.3 Methods

This survey was conducted in four countries: Australia, Norway, the United Kingdom (UK) and the
US. These aantries were selected because they have different approaches to lens prescribing and
supply® Norway has an extremely high proportion of DDCL wearers (44%e UK also has a

high proportion of DDCL wearers (38%hand it is thought that the vast majgrof patients who are
prescribed their lenses by their eye care practitioner in the UK are linked with a Direct Banking Debit
/ Order; this system allows the eye care practitioner to receive payment for the contact lenses directly
from t he paadountanrégdles inténals &nd is linked to automatardering, and usually
delivery of replacement lenses directly to the patient. Australia also has a relatively high penetration
of DDCL wearers (24%), but probably with a less well developed DirBanking Debit / Order

system. The US has the largest worldwide contact lens market and although penetration of DDCL is
not as high as in many other countries at only I'68%tere are offices where this modality is more
popular and only offices prescrilgirat least 20% of their patients with DDCLs were selected to take

part in this survey.

Ethics approval was obtained through the Office of Research Ethics at the University of Waterloo and
the Research Review Boards at the University of Manchester, Uritgdd and Deakin
University, Australia. The Norwegian Social Data Science Services, Norway was also informed of

this survey. The survey was conducted following the tenets of the Declaration of Helsinki.

The survey was conducted using similar methodotoghat employed in a previous CCLR study, in
which ECPs (optometrists) in one region in Canada identified eligible participants and invited them to
complete a questionnaire on behalf of the CCER the current survey, participation in each

country wasoordinated by a local investigator: Australia (CAW), Norway (BMA), UK (PM and AP)
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and US (KD). Coordination of the entire survey was carried out by the CCLR (KD). The local
coordinator was asked to recruit optometry offices / practices to take pact iande eligible DDCL
wearers from their offices to complete the questionnaire. In Australia, Norway and the USA, ten
practices or offices took part and each practice or office was asked to identify approximately 300
DDCL wearers who would be eligible participate. In the UK, one group, which comprised fifteen
offices with centralized patient records, agreed to take part in the survey and to identify
approximately 3000 DDCL wearers who would be eligible to participate. The survey was conducted

from April to October 2012.

Patients were considered eligible to participate if they were at least 18 years of age; were current
wearers of DDCLs and not any other lens type; had worn DDCLs for at least 6 months; were
currently wearing DDCLs for at least one daylea®ek; and had given implied consent to

participate in the survey at the start of the online questionnaire.

Prospective participants were mailed a cover letter from their optometrist explaining the survey
purpose and procedures and inviting them to com@@le onlineguestionnaireegarding their

wearing experiences with DDCLs. Each participant was provided with a Uniform Resource Locator
(URL) which pointed to the web page describing the survey and allowed participants to give their
permission to particigte. Participants were advised to have their lens packages available when
completing the questionnaire in order to be able to report which lens brand they were currently
wearing. There were two versions of the web page and the online questionnaire simmeiner

English (for Australia, the UK and the US) and one in Norwegian. A paper version of the
guestionnaire was also made available to prospective participants in the US and Australia towards the

end of the surveperiod Participants were provided withcode to enter into the questionnaire that
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identified their country, and practice or office (or group of practices in the case of the UK) at which
they were registered as a patient. A series of preliminary questions were used to confirm eligibility
beforethe questionnaire started. Individuals whose responses indicated that they were not eligible
were advised of this and were not able to continue with the online questionnaire. Further attempts at

entry to the questionnaire were also declined for repeatethkt Protocol (IP) addresses.

The questionnaire included specific questions to evaluate the following:

A Demographic and lens wearing history questions;
A Ranking of various aspects of DDCL wear;
A Selection of current lens brand;

A Regular source of tes supply;

A Method of payment

A Recommendations given for lens replacement;

A Current DDCL wearing patterns;

A Reuse of lenses over the course of the day and if so, method of storage;

A Reuse of lenses for more than one day and if so, for how long atitbthof storage;

A Reasons for reise;

A Frequency of napping and/or sleeping in lenses;

A Comfort ratings for new and, where applicableysed lenses;

A Participantsd® under srepmecedentng of t he risk(s)
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The online version of the questiommawas developed by the CCLR using PHP, an open source
general purpose servside scripting language designed to produce dynamic Web pages. A MySQL
database was used. The questionnaire incorporated forced choice questions, ranking questions and
rating sales. A series of seffopulating questions were also incorporated into the online version,

which were presented according to participants responses to preceding questions.

Compliance with replacement of DDCLs was defined as replacing lenses at arl inkechas equal

to the Manufacturer Recommended Replacement Frequency (MRRF), i.e. reuse of a DDCL on a
subsequent day was considered to beawmpliant. Where relevant, data analyses were conducted

using Statistica 10.0 (StatSoft Inc. Tulsa, OK). Fis(her Ex act tests were used t.
in counts and twaided difference between two proportions tests were used when comparing

proportional differences between the groups investigated. Where appropriate\\Mé@nay U tests

were usedtocompamnp ar ametri ¢ data from two independent

0.05 was used for all analyses.

6.4 Results

6.4.1 Participant demographics and lenses worn

A total of 805 participants completed the questionnaire (7Aherand 35 using a paper vensjp

since only 4% of the questionnaires received were completed on paper, the results from all the
guestionnaires were combined and no separate analyses were conducted from the paper versions. The
participant demographics are showrTable6-1. The median number of years of contact lens wear

was 14 (range of 6 months to fAgreater than 20 ye

at least five years. Sevenrtiye percent of participants reported wearing other lens typestpri
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DDCLs; of these, 6% reported wearing rigid gas permeable lenses, 25#etkaeplacement soft

lenses, 51% onmonth replacement soft lenses, 16% soft lenses with no scheduled replacement and

2% another lens type (corneal refractive therapy lensed,lenses, twanonthly replacement soft

lenses and yearly replacement soft lenses). The median timedoing their current DDCLs was

threeyears (rangenemont h t o A10 or more yearso). Participe
every dasypecats tththeey al i ked the most about DDCLs; t

solutionsdri@gaf euesdibhl@am Ireenses 0.

Table 6-1: Study participants

Number of Age (years)

Celrisy Surveys Mean Median Range ) FAENS
Australia 106 39.7° 134 38 18-70 67
us 303 36.8° 12.8 34 1871 73 70
UK 135 44.2° 12.8 44 1871 78 64
Norway 261 38.0° 10.6 38 18- 69 60
All countries 805 38.8° 12.5 38 18- 78 66

Table 6-2: Lens brands worn
Lens Brand Name USAN Number %
B + L Soflens hilafilcon A 75 9
Alcon DAILIES nelfilcon A 364 45
Alcon DAILIES Total 1 (DT1) delefilcon A 15 2
Cooper Vision Proclear-Day omafilcon A 45 6
Cooper Vision Biomedics 1 &y ocufilcon B 50 6
Cooper Vision store brand Unconfirmed 12 2
Johnson & Johnson Vision CareDhy Acuvue etafilcon A 141 18
Johnson & Johnson Vision CareDhy AcuvueTruEye  narafilcon AB 49 6
Sauflon Clariti 1Day Filcon Il 3 51 6
Total 802 100
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The distribution of lens brands worn is showTable6-2. Not all lens brands were available in all
countries at the time that the survey was conduc
name and lens material, nbté st ore brand name, with the except
brandd | enses, which could not be accurately ide
CooperVision Biomedics lenses (CooperVision, Pleasanton, CA, USA). Alcon DAILIES, DAILIES

All Day Comfort, DAILIES Aqua Comfort Plus and FreshloofDay (Alcon, Fort Worth, TX, USA)

are grouped together, as are Johnson & JohnédaylAcuvue and-Day Acuvue Moist (Johnson

and Johnson Vision Care, Jacksonville, FL, USA). It is most likely that-h@yAcuvue TruEye

(Johnson and Johnson Vision Care, Jacksonville, FL, USA) lenses were narafilcon A in the UK,

Norway and Australia and narafilcon B in the United States; this cannot however be confirmed and
therefore both material types are grouped togelter.lens types for three participants could not be

accurately identified and these are not included in the table, however the results for these participants

are included in the overall analyses. The distribution of lenses worn did vary by country; the mos

frequently worn lenses in the US and Norway were Alcon DAILIES and in Australia and the UK,

Johnson & Johnsorntay Acuvue. Silicone hydrogel lenses (Alcon DAILIES Total 1 (Alcon, Fort

Worth, TX, USA), XDay Acuvue TruEye (Johnson and Johnson Vision Claeksonville, FL,

USA) and Clariti 1Day (Sauflon Pharmaceuticals, Twickenham, UK)) were worn by 115 participants

(14%). Fifty-nine (7%) of participants reported wearing toric lenses, one participant reported wearing

progressive DDCLs and two participaneéported wearing cosmetic tinted DDCLs (each <1%).

The purchase source for participants by country is showalie6-3. A lower proportion of
participants reported purchasing their DDCLS over the Internet in the UK than mallgyshe US

and Norway (p < 0.001, p = 0.012 and p < 0.001 respectively) and a lower proportion of participants
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reported purchasing their DDCLS over the Internet in the US than Norway (p = 0.012). There were
no significant differences in the proportioofsparticipants reporting internet purchase between
Australia and the US (p = 0.156) and Australia and Norway (p = 0.739). The method of payment for

participants by country is shown Trable6-4.

Table 6-3: DDCL purchase source (%)

Country Own ECP  Another ECP  Optical Store Internet Other
Australia 77 1 8 12 2
us 84 2 6 7 1
UK 92 0 6 2 0
Norway 79 2 5 14 0
All countries 83 2 6 9 <1

Table 6-4: Method of payment (%)

Country Credit Direct Cash / Cheque PayPal Other Not asked
card debit

Australia 64 6 8 0 2 20

us 72 8 13 1 2 4

UK 1 98 0 0 1 0

Norway 84 8 3 2 3 0

All countries 63 23 7 1 2 4

6.4.2 Reported wearing schedule

Thenumber of dgs each week that participants reported wearing their DDCLs is shdviguire

6-1. Overall, 59% of participants reported wearing their lenses for seven days per week. A
significantly higher proportion of participants reportedesedays per week in the US and Norway
(64% and 71% respectively) than in Australia and the UK (35% and 41% respectively; p < 0.001).

The mean wearing time each day was 13.8 £ 2.8 hours (median 14 hours, range 2 to 23 hours) but this
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did vary between coun#rs and was slightly longer in the US and Norway (median 15 hours in both
countries) when compared with Australia and the UK (medians of 14 amolut8 respectively, p <

0.001).
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Figure 6-1: Number of daysper week of lens wear by country

Fifty percent of participants reported greater lens awareness as the day progressed. This also varied
somewhat by country with 55% reporting greater awareness in Australia, 53% in the US, 52% in the
UK but only 44% in Nonay. For these participants the mean total wearing time was 13.3 £ 2.9 hours
(median 14 hours) and the mean comfortable wearing time was 9.9 + 3.2 hours (median 10 hours).
The difference between the comfortable wearing time and the total wearing timebyaceahntry; in

Australia this difference w&b hours, in Norway 4 hours, in the US 3 hours and in the UK 2.5 hours.
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The difference in the UK was significantly | ess

because participants in the UK reported the shortest number of total hours wEksn

6.4.3 Closed eye lens wear

Seventyfive percent of participants reported napping while wearing their DDCLs in the month
preceding completing the online questionnaire. The median humber of days for napping while
wearing DDCLs in the preceding month wash@verall, 28% of participants reported sleeping
overnight while wearing their DDCLSs in the preceding month; the proportion of participants reporting
overnight lens wear was higher for participants under the age of 25 than for those 25 years and older
(48% versus 24%, p < 0.00&pd although the proportion varied somewhat by lens type worn, these
differences were not statistically significant. Wtesernight wear was reported, it was for only one
overnight wearing period during the month for 48% of paréints under the age of 25 and for 52%

of participants 25 years and older; there was no significant difference in the number of nights of

overnight wear reported in the preceding month between the two age groups (p = 0.274).

6.4.4 Lens replacement and re-use

Sewenty-six percent of participants reported that a recommendation for lens replacement had been
made by their optometrist, 14% reported not being given a specific recommendation and 10% did not
remember. Of those given a recommendation, only 5 (<1%) repbiseid be for more than one day

(threeresponde@ days, one 3 days ande 7 days).

Overall, nne percent of participants were noompliant with lens replacement and reported
sometimes failing to discard their lenses at the end of the day and réhesimgn a subsequent day

or days. The level of necompliance with DDCL replacement wasufal to vary by countryHigure
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6-2); the frequency was lowest in Norway at only 4%, followed by 7% in the UK, 12% in the US,
with the highesfrequency of rause being in Australia at 18%. These differences were statistically
significant between Norway and Australia (p < 0.001), Norway and the US (p = 0.001) and the UK
and Australia (p = 0.007) but not between the UK and the US (p = 0.08)Sthed Australia (p =

0.14)or Norway and the UK (p = 0.28).
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Figure 6-2: Non-compliance with lens replacement by country

Sixty-four percent of those wearing lenses for more than one day reported thahihegused

lenses for one further day; 27% wore the same pair of lenses for between two and six more days and
seven participants (9% of those reportingise and only 0.6% of all participants) continued to wear

the same pair of lenses for more than week. Three participants reported wearing their lenses for

20 or more days before replacing them (4% of those reportinge@nd only 0.4% of all

participants). The reasons foruse of contact lenses on subsequent days are shdwguie6-3.
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Participants who reised their lenses on subsequent days were able to select one or more of the

reasons given.
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Figure 6-3: Reasons for reuse

Anotherform of noncompliance with single @sDDCLs is the removal of lenses during the day with
reinsertion of the same lenses later on the same day. Eighty participants (10%) reported that they
sometimes did this. A very small number of participants (23 or 3% of all the participants ) reported
sonetimes reusing of lenses on the same day and sometirmasing lenses on subsequent days;

fifty seven (7%) participants reporteduee on the same day but neuse on subsequent days and 53

participants (7%) reported sometimesusing lenses on subsent days but not esing lenses on a
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single day. The total number of participants reportingse of their DDCLs of ankind was

therefore 133 (17%).

Those participants who reporteduse of contact lens wear were asked how they stored their lenses
bewween wearing periods. These results are shovagire6-4 andFigure6-5. When reusing lenses

on a subsequent day, 82% reported simply soaking their lenses and 18% reported rubbing and rinsing

them.

100 m Re-use on dame day m Re-use subsequent day(s)

84

Frequency reported (%)

Contact lens case Glass or china  Contact lens Other
cups or containers  packages

Figure 6-4: Storage methodsetween reuse of DDCLs
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100 - B Re-use on same day B Re-use subsequent day(s)

80

Frequency reported (%)

CL Disinfecting CL Saline Solution in lens Other
solution packages

Figure 6-5: Solution used for storagebetween reuse of DDCLs

645Participantsé perceptions

The participants are asked how important they considered it to be to replace their DDCLs every day,
65% responded fAextremely importanto, 27% fisomewh
i mportanto. Participants were al-ssighlDflistodeth ow muc

the health of their eyes, and if they did consider it to be a risk, what the main risk was. The results are

shown inTable6-5 andFigure6-6 respectively.

Table 6-5: Perceived level of risk associated with reising DDCLs (%)

Country Yes Yes Yes No
Significant risk Moderate risk Slight risk Insignificant risk

Australia 44 28 13 15

us 37 30 20 13

UK 56 27 12 5

Norway 31 30 19 20

All 39 24 17 14
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Figure 6-6: Perceived risk associated with raise of DDCLs

6.4.6 DDCL Comfort

Participantavere asked to rate their comfort on a scale of 0 (very poor) to 10 (excellent) at several
times during the wearg period; when they are first put in, halfway through the wearing day, towards
the end of the wearing time / in the evening and just before lens removal. Comfort was reported to
decrease significantly during a one day period with new lenses (p < Olb@llesults are shown in
Table6-6. Participants who reported that theyused lenses on subsequent days were asked to
additionally rate the comfort of their-tesed lenses when they first put them in and just before
removing then. These ratings were compared with the same time points with new lenses. The

comfort ratings given for the second day with theised DDCLs were significantly lower than those
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with new lenses (p = 0.001, Tukey HSD, all comparisons p < 0.08&¥e redis are shown in

Figure6-7.
Table 6-6;: DDCL comfort ratings (0, lowest ratingi 10, highest rating)
Country NewT on Halfway Later in day Prior to removal
insertion through day

Australia 85+14 8.2° 1.5 6.7° 2.4 6.1° 2.8
us 9.2° 2.0 8.5° 1.5 6.9° 2.2 6.2° 2.6
UK 8.8° 1.3 8.6° 1.6 6.9° 2.2 6.2° 2.8
Norway 8.8° 1.3 8.8°1.4 7.2° 1.9 6.4° 2.4
All 8.9° 1.3 8.6° 1.5 7.0°24 6.2° 2.6

Cument effect: F{1, 75)=11.657, p=.00103
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
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Figure 6-7: Comfort ratings for DDCLs on Day 1 (new) and Day 2 (reused)
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6.4.7 Factors relating to non-compliance with DDCL use

A number of factors were evaluated to determine whether they were related taseeofeDDCLS.

The age andhe numbepf years of contact lens wear was no different between those who were
compliant with disposal of lenses after each wearing day and those who werteaptp=0.553,
MannWhitney U, p = 0.248). There was also no difference according to sef.§26). It was not
possible to determine whether participants who wore their lenses for fewer hours during the day were
more or less compliant with replacement since very few wore their lenses for six hours or less. The
noncompliance with lens replacemdor participants wearing their lenses for fewer days per week

(1 to 3 days) was not significantly different from those wearing their lenses for 4 or more days each
week (10% versus 9% respectively, p = 0.656). Compliance with daily replacement was not
significantly different between silicone hydrogel (CIBA TD1, Acuvue TruEye and Sauflon Clariti
1Day) and hydrogel DDCLs (p = 0.54). Overall, 33% of all participants wereampliant with

DDCL use and reported sleeping overnight and/arsiag their DDCL9N another day.

6.5 Discussion

Participant demographics did not vary between countries with respect to sex, and overall 66% of the
participants completing the questionnaire were female, which is consistent with the proportion of
DDCL wearers internationally.With a median age of 38 years, the participants were slightly older

than the mean reported for worldwide contact lens prescribffithis finding is consistent with the

recent findings of Efron et &f? There was some variation between the countripseyed, with the

youngest participants in the US and the oldest in the UK. Contact lens wearing experience also varied
by country, with the fewest years of lens wear being reported in the US and the most in Norway.

DDCLs were not the only lens type to hdxeen worn by the majority of participants; three quarters
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reported having worn other lens types, with the most common being monthly replacement lenses. The
participants had considerable experience with the DDCL modality, with 85% reporting at least two
years of DDCL wear, although this was not always with the same brand of DDCLs. A higher
proportion of participants from Norway and the UK reported having worn one or more other DDCL
brand than participants from the UK, with the lowest proportion in the bU&sd differences in
demographics are most likely a result of the earlier acceptance of the daily disposable modality in
Norway and the UK, when compared with the relatively later adopters and lower penetration of

DDCLs in Australia and the US>

Participants reported wearing a number of different DDCL brands. Silicone hydrogel DDCLs were
worn by only 14% of participants, consistent with the proportion recently reported internatibnally;
this is probably because these lenses have only been introducedrtaritet relatively recently and

have been available in some of the countries for longer than dtffevery few participants reported
wearing complex design DDCLs, with only 7% wearing toric lenses, which is much lower than would
be expected comparéd what has been reported for all soft lens fits in these countries (23 td37%)
and somewhat lower than the proportion reported worldwide for DDQt.may be that ECPs are
choosing to fit their astigmatic contact lens patients withsable toric sk lenses because of the

greater cost of the toric designs in DDCLs.

The majority of participants in the survey reported purchasing their DDCLs from their optometrist.

This is not surprising, since the sasrovolfiges.lvas con
was however interesting to see that some participants reported purchasing their lenses from another
optometrist, optician or optical store and that nine percent reported Internet purchases. This is higher

than the rate of internet purclegsreported in the previous Canadian study, which recruited
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participants in a similar way (2% but not as high as that reported in other studies using different
methods of recruitment (14 to 23%jIn Australia, the US and Norway, the majority of

participants reported having paid for their DDCLs by credit card. The method of purchase was very
different in the UK, with 98% of participants reporting that they made payments by monthly direct
debit. Using this method of payment, patients provide theik account details to their ECP along

with permission to transfer a set amount from their account to the ECP each month. A fixed number
of lenses (and for rasable lens types, sometimes solutions) are then sent directly to the patient at
regular interves. This method of payment and lens supply is somewhat unique to the UK and may
account for the much lower rate of reported Internet purchases of DDCLSs in this country (2%) in the
survey. Participants in Australia and Norway reported significantly mazeniett purchases of

DDCLs, which is of concern since this method of lens supply has been shown to be associated with
inferior compliance with contact lens wear and care and a higher risk of developing ocular

complications®%°

More than half of all thearticipants reported wearing their lenses for seven days per week, and this
proportion was highest in the US and Norway, with far fewer participants reporting part time lens
wear. The reported number of days per week of lens wear in the UK and Australisoneewhat
different and showed a bimodal distribution with peaks at two and seven days per week; this finding
is consistent with that of Efron and Morgan, but specific differences in wearing time between
countries was not evaluated in their studyn general, participants reported wearing their lenses all
day, however half of the participants did report greater lens awareness as the day progressed; this

finding is similar to that reported for-esable contact lensed.The difference between the tbénd
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the comfortable number of hours of lens wear for these participants varied from 2.5 hours in the UK

to 4 hours in Norway.

It is recognized that contact lens wearers do sometimes nap while wearing their lenses. In previous
studies conducted by the CRLthe proportion of DDCL wearers reporting napping, but not sleeping
overnight, while wearing their lenses has varied between 36% and’ #5%e current survey, 75%

of participants reported napping while wearing their DDCLs. What is more surprishag some

DDCL wearers also report overnight wear with their lenses. In previous studies the proportion of
patients reporting wearing their DDCLs occasionally, frequently or almost every night has varied

from 1217%2 and in the current survey, this propion was found to be even higher at 28%. It is not
clear why patients would choose to wear a lens overnight when it is designed to be discarded after a
day of lens wear. It is possible that some patients simply forget that they are wearing the lenses when
they go to bed and then remove and replace their lenses when they realize this in the morning, or it
may be that they end up wearing their lenses overnight if they are away from home and do not have
other lenses or spectacles with them. This theory mayjgorted by the higher proportion of

younger participants who reported overnight lens wear with their DDCLSs; this younger group have
been previously reported to be more likely to sleep while wearing their IéhRegjardless of the

reason, this is a digrbing finding since overnight wear has repeatedly been shown to be associated
with a higher risk of both inflammation and infection in contact lens we&r&f$ and may in part

explain why DDCL wear has been reported to be associated with a hglh#rmmicrobial keratitis.

2 ECPs would be wise to carefully consider what materials they are dispensing for DDCL wearers
who may be napping and sleeping in their lenses. Several silicone hydrogel options are now available

on the market 11,13>"thes lenses are able to offer significantly higher oxygen transmission than

149



hydrogel DDCLs? however this alone may not be protective against inflammation and infection

when the lenses are worn under closed eye condifft?ig®

Specific recommendatioisor DDCL repl acement were reported to
optometrists by more than three quarters of participants. Only 1% of the recommendations made were

for replacement intervals of more than one day. This is considerably lower than wa$nf@uevious

studies where ECPs were found to recommend longer replacement intervals for four to six percent of

their patients®

As discussed previously, DDCLs offer many benefits to patients; in the current survey, the highest

ranked benefit fromthes pr esented, was that the modality off
Despite this patients did report sometimesising their DDCLs. Reise of DDCLs on either the

same day and/or on a subsequent day was reported by 17% of the participants, withotii9g rep

sometimes removing their lenses during the day and then reinserting them later in the day and 9%
reporting sometimes failing to discard their lenses at the end of each day of lens wear. The primary
reason given for reusiagdDbBLs was fibbl swed mygné
l ensesdo. The pr opusingDDGLs onmafsubsgequent daydid paayrby countrye

with the lowest level of neeompliance with lens replacement occurring in Norway (only 4%) and

the highest in Austradi (18%). The rate of necompliance in the US was the same as has been

previously reported for this country (1298ut the rate for the UK was slightly higher than reported

in a previous study by Morgan (7% in the current survey versus only 3% in tlyebgtitbrgan)

The reason for the difference between the countries may relate to a number of factors, including
differences in behavior, health and risk perception, and is beyond the scope of this survey. One factor

that may be relevant is the relativébyv rate of norcompliance with DDCL replacement in the UK,
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which may be related to the unique method of payment and lens supply in this country, possibly
reducing the incentive for patients touse their lenses. Although some participants reportedee

of their DDCLs, 98% responded that they considered it to be important not to do so and 86% reported
that they perceived there to be some level of risk associated withulse oé§ DDCLSs, principally

feye infectiono.

When lenses were+sed, two thirdef patients reported that they only wore them for one
subsequent day. Participants generally reported storing their lenses in a contact lens case when re
using them, but a number of patients also reported storing the lenses in the contact lens blister
padages. Approximately half of the participantsusing lenses used a contact lens disinfecting
solution, with the remainder using either contact lens saline or the solution from the packages.
Unsuitable methods of lens storage and disinfection-ageel IDCLs have been reported

previously,? and in the same study the blister pack solutions of twenty young adults were cultured
after a worn lens had been replaced in the package and contamination was found for 19 of the 20
study participants? The failureto use appropriate contact lens disinfection solutions to store DDCLs
before they are rased is likely to place these wearers at a significantly greater risk of developing
microbial keratitis*° Unfortunately patients are not always provided with adegedtication

regarding the care of their lenses and the risks associated with theisenisven though these

strategies have been shown to be associated with greater comgfidhce.

DDCLs have been reported to provide improved comfort when comparedawisiable soft contact
lenses?® In the current survey, while participants reported good levels of comfort on insertion of a
new lens, there was still a decrease in comfort reported during the day, which is consistent with that

reported with other lens pes.? ***” Non-compliance with lens replacement of tweek and one
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month replacement lenses has been shown to adversely affect both the end of day comfort and the
overall lens comfort when lenses need to be repldtémthis survey we found bothraduction in

comfort on lens insertion and just prior to lens removal with DDChlsseal on a second day when
compared with the ratings reported on the first day of lens wear. It is not clear whether this may be as
a result of lens spoliation or the abseind the comfort enhancing agents which are incorporated into

the blister package solution of many DDCE%"?

A number of factors that could be related to these of DDCLs were evaluated. No differences in

the rates of nowompliance were found witlespect to the sex of the wearer, the number of years of
lens wear, or the number of days per week of lens wear. The introduction of DDCLs in silicone
hydrogel materials has raised some concern that patients wearing lenses of these materials may be
more likely to reuse their lenses (because of the higher cost of the lenses) but no differences were
found between the rates ofuse among wearers of DDCLs of these materials. The differences in
proportions of participants reporting purchasing their lensek@imternet between countries was
interesting; however, this is probably not directly related to compliance with lens replacement, since
the countries reporting the highest rates of internet purchase were Australia and Norway and these

countries represerddhe least and most compliant countries respectively.

It should be recognized that there are some limitations to conducting a survey of this nature. The
survey was only conducted in four countries and the results from other countries may differ from
thosereported on in this manuscript. Using an online survey can be a problem in that the lens types
that are worn by the participants cannot be confirmed; however the current survey design did at least
ensure that only current DDCL wearers were invited to det@phe questionnaire. In addition, it is

not possible to confirm the actual practices that have been reported by the DDCL wearers taking part
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in the survey. Despite these limitations, the findings make an important addition to the literature
regarding na-compliance with replacement of DDCLs and the frequency with which DDCLs are

worn overnight.

6.6 Conclusion

A similar level of norcompliance with DDCL replacement {use on a subsequent day) was found

in this survey to that previously reported; howeverdlveas some considerable variation in

compliance with replacement across the four countries investigated. No differences in compliance
with lens replacement were found with respect to total length of contact lens wear, sex, days per week

of lens wear or les material.

The primary reason given for-tsing DDCLs was to save money, but simply running out of lenses,

and presumably forgetting to reorder more, was also given. Althoughampliance with DDCL
replacement is much lower than it is forugable las types, any degree of neompliance is a

concern, particularly if lenses are not being appropriately disinfected and stored between lens wearing
periods. Many participants reported using only contact lens saline or the solution from the DDCL
blister pa&s to store their lenses and this may be placing them at a greater risk for microbial keratitis.
It is also important to recognize that some of the DDCLs on the market are manufactured from
materials that have not been tested with contact lens care sy$tengast majority of the

participants recognized that theuse of contact lenses posed some sort of risk to them and the

majority of these participants identified an eye infection to be the type of risk that they were

concerned about.
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Overnight lens war is another form of necompliance with DDCL use and was reported by more

than one quarter of the DDCL wearers; this may also be placing these individuals at a greater risk of
developing an infection. The overall level of rommpliance with DDCL use éruse on subsequent

days and/or sleeping in lenses) was in fact 33%ugeof DDCLs was also shown to be associated

with inferior performance in terms of comfort, both on initial insertion and at the end of the wearing

day.

It is important for ECPs toantinue to counsel their patients on the importance of appropriate lens
wear, care and replacement for all lens types including the ever more popular DDCLs. Continuing
education on the risks of-tese of these lenses should be reinforced at all followisi{s and

methods of lens ordering and supply should be optimized for these patients in order to improve their

overall compliance.
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All of the previous experimental chapters have described quantisatisies designed to evaluate
compliance with contemporary contact lenses and its impact on the continued success of contact lens
wear. This final experimental chapter describes the results of a study in which both quantitative and
gualitative research nfatds were used to further explavly contact lens wearers practice

behaviours which can be considered to be-campliant.
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Chapter 7

Exploring compliance: A qualitative

perspectives
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7.1 Overview

Purpose: Using bothguantitative and qualitative research methdldis papeexploresin detail the
lens wear and care habits of adapted contact lens weaseeksa better understanding what

enables and constrains patient compliamite appropriate lens wear and letere

Methods: The study was conducted in two phases: a preliminary online questionnaire (quantitative
phase), identifying types of naxompliance, and a series of sequentially conducted focus groups

(qualitative phase), exploring constraints to, and ematof, compliance.

Results: 100 participants completed the-time questionnaire; 12 of them also participated in one of
four focus groups. The most frequently reported aspects e¢oropliance revealed were: 1) failure

to replace lenses when schedijl2) inappropriate lens purchase and supply, 3) sleeping while
wearing lenses, 4) use of tap water with lenses and failure to wash hands, 5) failure to clean and
replace cases regularly and 6) inappropriate use of care systems. Using an iterativeapnoicelssy

of At hemesd ascamplaicavwee ientifiedtinithe foous group discussions. The most
frequently occurring themes related to fiegensequencéshat may occur if patients were ron
compliant with one or more aspects of their contarcs wear and the importance of receiving
finstruction® regarding the most appropriate way to wear and care for their lenses. Most of the

themes that emerged during the analysis were both constrmgiatsd enablers of, compliance

Conclusions:This stug confirms frequent types of namompliance while offering a greater
understanding of what constrains and enables contact lens wear and care conplesecéndings
may help eye care practitioners and the contact lens industeyédop strategies arndols to aid

compliance and succefsscontact lens wear.
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7.2 Introduction
Excerpts from two study participants (P2 and P5):
Noone ever tal me what to do with the cases. (P2)
Repl acement is a |ittle r angmomeniP5) whenever

These wices, taken from focus group interviews of contact lens wearers, point to two central drivers

of their compliance: instructions and consequences.

Non-compliance with recommeantions forcontact lens wear, care and replacement was first reported
in the 80s"'* Sincethen,there have been numerous studies investiggtatignt actions with

respect tananyaspects of contact lens wear and the possible implications for patients who-are non
compliant. Some of the consequences ofcompliant behaviour am@ore severe than others. The

less serious effects include deposition on the contact I€ffsemneal stainingt?*and increases in
papillae and hyperemiaWearers who are necompliant have also been shown to report an increase
in subjective symptms, including dryness, inferior vision and comfort at the end of the day when
their lenses are due to be replacded.’ The more serious complications include sterile infiltrates and
microbial keratitis. Infrequent use of care systems has been shwsratdsk factor for both

microbial keratitis and sterile keratitis in daily wear us®as has failure to wash hand$’ Failure

to rub and rinse lenses also carries a greater risk of developing microbial kétatitizoth the

recent outbreaks dfusarium keratitis and Acanthamoeba keratitis, topping up, rather than completely
replacing solutions, was found to be associated with greater risk for infééfitRoor case hygiene

has also been associated with a greater risk of microbial kerattissaoccasional overnight use of

lenses*®
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Unfortunately, norcompliance among contact lens wearers continues to be a problem worldwide,
despitemproved options folensreplacemenand simplified care regimen$!® Several factorsave
been repord to affect compliance in contact lens wealieduding gender, age, magnitude of
refractive error, recommended lens replacement interval and recommended caré®$yJtemate,

the reasons described by contact lens wearers for not following tiseseiions have not been

evaluated to the same degree as the prevalence of this issue.

Research ithe areaf contact lens compliandesbeenpredominantlyguantitative in naturemainly
usingquestionnairébased surveyQualitativeresearchmethodsfor examplénterviewsor focus
groups may offer adifferent perspective angrovide a more comprehensivaderstanding of

w e a r keliefs, &nowledgand attitudesowards contact lens wear and care.

Qualitative research is a method of scientific ing@iommonly used by social scientiét$’t is

usually conducted to find out why individuals do or do not behave in a certain way. The proportions
of people behaving in a certain way are not reported, but rather the underlying motivations to specific
behaviours and attitudes. Fewer participants are involved in qualitative research when compared with
guantitative methods, but each participant is studied more closely. Focus groups, interviews and
observation are used to obtain audiwideo recordings ofanversations andehaviours. Qualitative
research methods are used routinely to investigate compliance in the health care field and there are
several publications which have reported on studies of comphgitit¢he treatment of

glaucom&®?’ To our knowedge, qualitative research methods have not been previouslyoustedy

compliance with contact lens wear and care.

The purpose of this study was to combine quantitative and qualitative research methods to explore in

detail the lens wear and care halif adapted contact lens wearers and to gain a better understanding
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of what constrains and enables patient®low recommendations for appropriate lens wear and lens

care.

7.3 Methods

7.3.1 Study Design

The study was conducted in two phases: a preliminaryegliestionnaire (quantitative phase) and a
subsequent series of sequentially conducted focus groups (qualitative phase). A grounded theory (or
constant comparative method) approaets followed for the focus group phase of the st§dyThis

is a cyclichprocess of data collection, analysis and development of tentative theory, which continues

unt il a point of Atheoretical saturationo is rea
sufficiently Aricho and t hemaxoneeptupefraniewdrkhvehicke s A d e n
should provide informatioas tothefactorsthat informcompliance with contact lens wear and care

from the perspective of the wearer.

Informed consent was obtained from all participants prior to participation in thedomys.
Institutional ethicclearance was obtained prior to commencement of the study.

7.3.2 Sample size and study population

Due to the nature of qualitative research, sample size calculation was not appropriate for this study

and purposive sampling was ugdedarget specific age and compliance grotlps

One hundred current contact lens wearers were recruited for the first phase of the study using Centre
for Contact Lens Research (CCLR) records and ady

Researb Ethics. Two distinct age groups were targeted in the recruitment phase: individuals aged 17
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to 25 (Ayounger groupo) and individuals aged 35
were targeted based on recéntlings from studies investigagy contact lens compliance and

complications reporting that younger contact lens wearers are more likely to-bempliant with

lens replacement, wear and care than older wedErE All respondents completed the first phase of

the study, which waan online questionnaire regarding current contact lens wear and care procedures.
There are no validated questionnaires that assess compliance with contact lens wear but this
guestionnaire was developed using a subset of questions that had been incbimgorptevious

guestionnaires that have been administered in several CCLR studies that involved approximately

7,500 participants’?3* The questionnaire was also piloted with CCLR staff to assess clarity of the

survey instructions and items.

A smaller sirset of the questionnaire respondents was then invited to take part in the subsequent

focus groups in the second phase of the study. Prospective participants for the focus groups were
selected following review of theathfrom the online questionnairessrg ondent s wer e fAr an
beingthe mosttompliantwith all aspects of lens wear and care evaluated in the questionnaire (i.e.

replacing lenses when scheduled, not sleeping in legige),tobeing the least compliant with

respect to all or almost akpects. Two distinct groups were identified from this ranking and the
respondents who were consi der ed tcoo nbpel iflagnetnoe rwaelrley
invited to take part in the subsequent focus groups. These focus groups were schedrdezlysep

because we did not want the roompliant wearers to be silenced by the compliant ones.

Respondents who were considered to be equivocal (i.e. reporting a mixture of compliant-and non
compliant behaviors with respect to their contact lens wearanel were advised by email that they

would not be continuing in the second phase of the study.
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Focus group participants were assigned a unique identifier (P1 to P12).

7.3.3 Study procedures

Two investigators conducted the focus groups. One investigator (AB)dddcis groups; AS has

formal training in the collection of qualitative research @atda professional background in the field

of contact lensedut is not an eye care practitionfihe second investigator (KD) took field notes
duringthefocus group and ensured reliable audio recording. KD foamal optometric training

experience with use of qualitative researchhmdsand significant experienceith research on

compliance with contact lens wear and caids approach to qualitative data colleotand analysis

is referred to in the research literatureas fi nsi der / out s i d**F¥Wilizing this e mi ¢/ e
approach allowdthe research team to take advantageotti optometric understanding and

experienceavhile ensuringhat thefocus group discussions were still able to folltdve thought

procesesof the studyparticipants.

7.3.4 Outline for focus groups

Discussions during the focus groups covered six aspects of contact lens wear and care that have been

13192123381 Thase included lens replacement, lens

recognized to be associated wittop complianc
supply, care system use, storage cases, the use of water (including hand washing) and sleeping or
napping while wearing lenses. The discussion folloaédsic outlinendled the paicipants

through some scenarios relating to their habitual contact lens wear and care protedualditon,
participants were asked about factors which betyer enabler constrain compliance. The order in

which these topicwerediscussedariedfrom one focus group to anothélependent on the

comments and issues raised.
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7.3.5 Data analysis

Where relevant, data from the online questionnaires were analyzed using Statistica 10.0 (StatSoft Inc.
Tul sa, OK). Fi sher 6 s Ex actesineosrtsanduwsided difiereneed t 0 c ©
between two proportions tests were used when comparing proportional differences between the

groups investigated. A significance | evel of p C

An inductive approach using thematic content analysis wastosethlyze the qualitative dat&This
process involves analyzing transcripts, identifying categories and themes within textual data and
bringing together examples of these themes. Consistent with qualitative research methodology, the
analysis began imndéately after the first data were collected and continued throughout the study.
The primary analysis and coding were conducted by KD. AS and two optometric researchers were

also consulted during the data collection and analysis to allow refinement béthatic structure.

In this study, because there are a number of ways in which contact lens wearers can be considered to
be noncompliant with their wear and care, textual data were initially grouped into several recognized
aspects of nogompliance with cotact lens wear (both those identified in the online questionnaire

and others which emerged during the focus group discussions). The data were then coded from the
transcripts by highlighting categories that were emerging from the segments of text. Analyses
subsequently continued by sorting the data into broad themes. Conceptual links were considered to
develop connections or relationships between the themes and their properties. When no further
categories, themes or links were disclosed from the dataatididen collecte@ grounded theory or

explanation of the reasons for noompliance was developed.
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7.4 Results

7.4.1 Questionnaires

One hundred dime questionnaires were complet&ikkty-two were completed by the younger group
(mean age 20.0 2.3 years, 77% feales) and 38 were completed by the older group (mean age
48.5° 8.7 years, 75% females). The responses to the online questionnaire for all respondents are
summarized imable 71 to Table 75. There weresome differences in the distribution of responses
according to age groups. A slightly higher proportion of the younger group reported Internet
purchases, overnight wear, and failure to wash their hands before inserting their lenses, but these
differences wre not statistically significant. A significantly higher proportion of the older group

reported leaving their cases open to dry after inserting their lenses (50% versus 9%, p < 0.001).

Table 7-1:Non-compliance with lens replacement

Recommended replacement interval Number Non-compliance
1 day 16 12.5%
2 weeks 19 63%
1 month 54 52%
Other (e.g. 3 weeks, 3 months) 6 33%
Could not remember 5 N/A

Table 7-2: Lens purchase and closed eye wear

Lens purchase Closed eye wear
Optometrist 54% None 44%
Optical store / optician 32% Only napping 47%
Internet 12% Occasional sleeping 7%
Other 2% Frequent sleeping 2%

164



Table 7-3: Hand washing

Wash hands- insertion Wash hands- removal Wash hands with?
Every time 63% Every time 45% Soap and water 86%
Most times 32% Most times 36% Just water 13%
Rarely 5% Rarely 18% Antibacterial wipes 1%
Never - Never 1%

Table 7-4: Care system use
Care solutions Rub and Rinse? Top off solution?
Hydrogen Peroxide 15% | Every night 39% Never 73%
Multipurpose 66% | Most nights 18% Occasionally 21%
Saline 5% | Once/week 32% Frequently 6%
Solution from packs 5% | Never 11%
Nothing 9%

Table 7-5: Storage case care

Clean case? Clean case with? Caps on or off? Replace case?
Every day 17% | Tap water 67% | On 76% | 1 month 12%
Most days 8% | CL solution | 18% | Off, face up | 14% | 3 months | 40%
Once /week 29% |[Donodot |15% | Off, face 10% | 6 months | 19%

down

Once/month 24% 1 year 18%
Never 22% Never 11%
7.4.2 Focus Groups
Seventeen respondents were consi der edeneratly be

noncompl i ant o.

The

remai ning

67 respondent s

igen

wer e

second phase of the study. The following individuals were invited to take part in the subsequent focus

groups:
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A Nine Agener al | yalscageadpdto2d,nt 6 i ndi vi d

A Ni ne fgemnceorngpllliyanntoon i ndi vi duals, aged 17 to 2
A Eight fAgenerally compliantd individuals, age:t
A Seven fgeoemplignnonindividuals, aged 35 or

An initial series of four focus groups werenducted during October and November 2012. Not all the
individuals invited to take part in the focus groups were able to attend at the times scheduled. Focus
group participants were grouped according to their age and whether they had reported generally
compliant or norcompliant behaviours relating to their contact lens wear. The groups were divided

up in this way in order to facilitate comfortable discussion between the participants and to reduce the
possibility that participants may be hesitant in distwygstheir contact lens wearing habits. Each focus
group lasted for 60 to 90 minutes. After the first four focus groups had been conducted and the data
analysed, it was decided that theoretical saturation had been reached and no further focus groups were
scheduled. Although the participants had been divided into groups according to their responses to the
online questionnaire, individuals in all four of the focus groups reported various aspects of non
compliant behaviour during the focus group discussidns the analysis of the transcripts was

combined Table 76 summarizes the groups and participants included.
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Table 7-6: Focus group demographics

Younger Younger norn- | Older compliant Older non-
compliant compliant compliant
Number 3 4 3 2
Ages (years) 18, 19, 20 18, 19, 19, 23 41, 58, 64 43, 49
Sex (F or M) F,F, M M,F,FF F.F,F F, M
Employment ST, ST, ST ST, ST, ST, ST SE, OF, HM SE, SA
status
Marital status All single All single All married All married
Lens type 1IMR, 2WR, DD IMR, 2WR, DD, 1IMR, DD 2WR, 1MR
worn IMR, 1IMR
Care system MPS, MPS, N/A| MPS, H202, N/A, MPS, N/A MPS, MPS
used MPS, MPS

ST = student; SE = self employed; &Foffice worker; HM = homemaker; SA = sales manager

7.4.3 Coding framework from focus group transcripts

The data were broadly grouped into six aspects ofaoompliance, which are commonly recognized
to occur with contact lens wear. These wéjefailure to replace lenses when scheduled, 2)
inappropriatdens purchase and sugpB) sleeping while wearing lenses, the use of water with
lenses and failure to wash hanB8¥failure to clean and replace cases regularly andapropriate
use of care system&able 77 outlinesthe coding framework that was developed from thia.dBhe
categories emerging from the initial coding are listed in the left hand cauththe seven themes

emerging from the initial codingrelistedin the right hand column.
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Table 7-7: Coding framework for analysis of qualitative data

Initial coding framework (Categories) Final coding framework (Themes)
Similar performance Consequence
Complications
Discomfort
Blurriness
Infection
Deposits
Physical appearance
Written materials Instructions
Advertising
Eye care pretitioner advice
Parental advice
Knowledge
No instructions
Habits Routine
Forgetfulness
Fatigue
Change of location
Travel
Travel Convenience
Shopping
Location
No care
Replacements
Unwilling to take time Time
Laziness
Safety Values
Fears
Health keliefs and attitudes
Too expensive Financial
Save money
Shop around

Excerpts from transcripts that relate to the common aspects of-nompliance

In thefollowingexcerpts t he participants® c¢ommaeniritalics as t aken
Additional explanatory words have been addesnarebracketsvhere necessaryhe relevant

themes are highlighted in underlined font. In most casesamdyexemplar of the theme is given,
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although many more similar comments were recorded in thenatigganscripts. The participant

identifier is given in brackets following the exemplars.
1. Replacement

Some participants, who failed to replace their lenses on schedule, reported that this was sometimes

because they simply forgot when it was time toaeplthemrouting:

|l uswually replace my |l enses every other Monday

remember and do 3 weeks, which is bad. For the most part | am(&\dal)
Othersreported relying on cues or triggers to replace their lenseséqurces:

I might go from 6 to 7 to 8 weeks, but you start to see some deposits, they start to lose their
shape. At that point you dondt want to put the

blurred, obscured visio and it is time to toss them.4P

Participants also discussed whether anything would help them to remember when to replace their

lenses foutine instructions:

Dates on the case withasking tape or a magic marker. (P3)
Probably a reminder on my phone, like a reminder for when | hagst4dP11)Y

Several participants were wearing daily disposable lenses. None of them reported failure to replace
these lenses daillput one participant reported that her sons, who also wore daily disposables, did re

use their lensef®r sporting activites(routine).
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My boys use dailies too but they only wear
out. We put them in a case. They will wear them for two practices and a game, which is about 6
hours, and then throw them o(ie2)

Participants ofred numerous advantages of daily disposable lenses, incladimgenience

consequences

| really like the no care and the comfort of them and | can wear them longer which is really

important (P2)
Every day when | put one in, thase clean, theyargser i | i zedé ( P1)

Some disadvantages and reasons for not wearing daily disposable lenses were alsealfieged (

financial instructions:

| think there is a lot of waste in daily disposables. Would the packages be recy(R)le?

I havenodt caugetheydire mdrecerpertsiee to wear everyeasus the monthly

replacement. (P7)

I have never thought about dailies. | am sticking with whatr@esmmended to me 10 years

ago. (P6)
2: Lens supply

Not all theparticipants reported getting their lengesn the eye care practitioner who provided their

primary eye care. Usually the reason given for this was to save nforencia:
| have ordered them online beforenydvhere where the best deal is. (P2)
Purchasing lenses from another source can bévediastraightforward ¢onvenienceg
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You just keep on hitting the refill my last order button. It is as easy as thatidlpdoa

prescription initially. (P5)
Some participants were more hesitant about their contact lens purtchaesgh yalues:

ldonbt think | would ever go trhethimglygushoalshdet ne . |

online. (P12)
3: Sleeping or napping while wearing lenses

The major themes which emerged with respect to sleeping or napping while wearing lenses were

routineandcongquences

A few days ago | fell asleep with them on and forgot they were still in in the morning so | put

anotherset (daily disposables) on top. (P10)

I't is generally when | go over to a friendos

and wil just sleep in then(P9)

When specifically asked about what may be happening during overnight wear, examples were given

of relatively minor and possibly more serious outcongcesgequences
| feel like there is more protein buid p . | d odandages yobriegeblkecausd it is just one

night. (P11)

ECPs are very concerned about complications, but contact lens wearers may either not consider these
to be as important or simply do not know about them. This was supported by the relative silence of
eadt group when specifically asked about what they thought could go wrong with their eyes as a

result of sleeping while wearing contact lenses; for example, when specifically asked about
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infections, the participants did not appear to know what these wolikeh@ consider the possible
outcomesonsequencegs

I guess it would be painful to the point where they would not look normal, be red. (P6)

4: Use of vater

The importance of hand washing prior to handling lenses was discussed by the participants. The

themes, which commonly emerged during these discussionstimerandroutine

| generally just wash my hands a bit, nothing super clean, I just run them under the tap for about

10 seconds with a bit of soap. (P9)

In the morning | am better at rememberiogaash my hands, than at night, when Itaed.

(P4)

Participants also seemed to be concerned about transferring food and cosmetics from their hands onto

the lenses and this prompted hand washing on some occasmrmsedquences
I dondt wamddss | haye hhdaspiay wingasomething on my hands. (P6)

Some of the participants reported showering while wearing their lensesniegniencer because
they did not know that this may not be recommendegtriction3, but others preferred not to

beause of possibleonsequences

I al ways shower withwmyhatonytawtweriendtl gdupmdge

| have[showered with my lensesoble f or e, but | donodét |ike it. I

are minerals and stof t h attwanit in rdyceye8. (P11)
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Similarly, some patrticipants reported swimming with their lensesdnveniencdut concerns were

also expressed about losing the lenses and discornéotégquences

| go to amusement (water) parks a lot. | go in my contactsvarst of the time they feel fine. |

generally wear myaily disposables when | go. (P8)
I just wondt theveater omlyey wilybe goneu(R4) e r

Participants were also asked whether they used water directly on their lenses. This was ofézh repo

to occur as a result of a changeontine

| went camping and lost my solutions so had to use water. It was really uncomfortable, but my

fault. (P4)
5: Storage cases

In general, the participants did not appear to place great importance on cteairicgntact lens

cases. The major theme appeared tmbteuctions

| would just empty the solution out, rinse it with hot water and maybe every 2 or 3 weeks | would

clean it with some sodpo. My mom told me to do this. (P10)

There was also some cosfan and concern about emptying the solution and leaving the case open

during the daydonsequencemstructionsandconveniencg

| leave the (used) solution in the case all day. It has to sit for 6 hours (hydrogen peroxide) so |
canodt | us 1neattorkgep some solutidn available in case | need to rinse my lenses.

(P7)
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Are you supposed to leave it open during the day? | just screw the caps back on, | think if you

leave it open stuff can get in there, especially in tharbam with the toileflushing. (P2)

Participants did seem to recognize that perhaps they should be cleaning their cases or replacing them
but only when they were concerned with the appearance of the case. None of the participants reported

being concerned with bacterial contaiation of the caseg@nsequencés

This is kind of really disgusting but | never rinse my case or anything so then you have brown

stuff around the edges and that is when | chiuclt. (P8)

Participants reported replacing their lenses every two to sithmpbut they did not seem to have a
clear understanding of how frequently they should replace their ¢gasgadtion3. The cue to
replacing cases was frequently reported to be receiving a new case when they purchased solutions.

Theconvenienc®f redacement cases being provided was a commonly reported theme:

Whenever | buy new solution, | get the one that has the case in it and that is when | replace it. So

| would say once every 6 months. (P6)
6: Care system se

Inappropriate care system use isexjfrently reported aspect of noampliance with contact lenses.

Timeandroutinewer e frequently occurring themes in the

of these solutions, bebnsequenceas also reported:

My routine is really bad. | know yare supposed to wash them every time, but sometimes | am

really lazy. | just take them off, put themtlhe case and then cap it off. (P8)

I dondt rammfraild ef¢earingtiee lehs. (P5)
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Those who did report being more careful with cleaning gavariety of reasons but these were
usually associated with their charactealges, advice they had been givangtruction3, automatic

habit foutiné or problems that may occur otherwigserisequencés

| rub around the lens, flip it over, cleanitd s ome more and put it in t
Someone might have told me but | feel that | am supposed to clean both sides.eBdihid

contact with something. (P12)

|l do it because it is i mportandianorbuildupnét want

debris on my contacts. (P3)

Now it gets to be an automatic habit, it has to be cleawng $ides. It just happens now. (P12)

Participants often reported that the reason for cleaning their lenses was to remove deposits from their

lenses ¢onsequencgsinder the advice of their eye care practitiomestfuctions:

| did rub and rinse to get off the lipid and protein build up. My optometrist told me to. | think it

may form some sort of barriéor bacteria to get caught in. (P10)

To cleanit, the dust and all thproteins. (P7)

Information on the packages and no apparent differences in performance were also reported to play a

role in partici painstrustidbnscohvensemce ng procedures (

You donét really baye sbojustpubtpightirthegase 4)dno r u

It i s saving you one step. | ts érsdetermratimgeanyi e n c e .

sooner. (P4)
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Failing to completely empty the casethaawd fitoppin
solution is another aspect of roompliance. When participants reported doing this it was usually as
a result of seffeported lazinesgitne); participants also expressed concern about topping off

(consequences

Sometimes |l justtop itoff, Iddort al ways do that, it depends how
put in fresh solution. | have left thesed solution in all day and diter throw it away or top it

up. (P6)
I donét top it wup. | feel | i ey ayds agais, thereisa y s o |
build-up of somethingP12)

7.4.4 Constraining and enabling factors

Each of the themes that emerged from the data could also be considered in the context of whether
they would be either barriers (i.e. constrain) or aids (i.e. enbtmpliance. Examples of
constraints and enablers that were discussed in the focus groups as they related to each of the themes

are presenteth Table 78.
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Table 7-8: Factors or behaviours that mayconstrain or enable compliance with contact lens

wear
Theme Example of constraint Example of enabler

Consequences | Not rubbing lenses because afraid of Rub lenses to remove dust, protein
tearing them and lipids

Instructions Not being told how to care fetorage | Optometrist explaining importance
case of and reasons for cleaning lenses

Routine Forgetting to remove lenses when | Having a set routine to follow every
away from home time lenses are handled

Convenience Swim in contact lenses because it is| Daily disposable lensésno
inconvenient to use spectacles or schedule to remember and no

prescription goggles cleaning required

Time Not prepared to take time to rub and| None discussed in focus groups
rinse lenses

Values Willing to purchase lenses online Place significant importance on
without recommendation from eyesight and maintaining healthy
optometrist eyes

Financial Care system choice based on cost n{ None discussed in focus groups

recommendation

Schematic description of themes relating to neonpliance with contact lens wear

The aspects and themes relating to-nompliance in contact lens wear are givekigure7-1. This

figure provides a summary of the seven principal reasons for patients either complying or not
conplying with their contact lens wear and care in the context of each of the main aspects relating to
contact lens wear. Connections are shown between each of the aspects, and the themes which were
reported, to either enable patients to be more compliastdrmtrain them from being compliant.

Links are also shown between some of the themes which emerged from the data.
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Figure 7-1: A grounded theory of themes relating to norcompliance with contact lens wear
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7.5 Discussion

The aim of this study was to explore the reasons foraoompliance in contact lens wearers and to

gain a better understanding of the constraining
behaviours with respect to contact lens wé&ae online survey revealed that the most frequently

reported aspects of namompliance werel() failure to replace lenses when scheduled, (2)

inappropriate lens purchase and supply, (3) sleeping while wearing lenses, (4) the use of water with
lenses andailure to wash hands, (5) failure to clean and replace cases regularly and (6) inappropriate

use of care systems. These findings are consistenpretiiously conducted studies by our grotip.

34,40

A complex web of factors that may influence compl@am@s uncovered during the second part of the
study using focus group discussions. Seven primary themes associated witmmiance were
identified: (1) possible consequences of4tompliance, (2) instructions (or lack thereof) with
respect to contadéns wear, (3) changes in routine, (4) level of convenience, (5) time limitations, (6)

wearer values and (7) financial constraints.

Multiple themes were often associated with the contact lens wearing experiences reported by the

study participants. Thembs f r equently occurring themes rel ated

i nstructionsd. These themes emerged during the
identified aspects of contact | ens wear nd ARoutin
although #fAti meod, fivalueso and nAfinanceso were al

data as frequently. A helpful direction for future study will be to pursue a malepithh examination
of how the most prominent patient perspectivesoiconsequences o and Ainstru

contact lens wear and care compliance.
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Most of the themes that emerged during the analysis could be considered to be both constraints to
and enablers of compliance. For example, a lack of instructionglnega@&ontact lens case care could
be considered to be a constraint to compliance, while clear instructions regarding contact lens
cleaning strategies and rationale enabled better compliance with lens care. Examples of both
constraining and enabling factoor behaviours were discussed by participants for most themes

except for o6timed and O6valuesd for which only <co

There were a number of unexpected beliefs and ex
Unanticipate participant findings included: (1) blur and noticeable lens deposits, rather than

discomfort, were cues to replace lenses, (2)s@of partime worn lenses was considered compliant

behavior, (3) reluctance to wear daily disposables included a cdioce¢he environment and storage

limitations, (4) online lens orders did not always require verification of aftadgate prescription or
recommendation of a specific lens brand by an eye care practitioner, (5) use of storage cases and

water appeared to bess emphasized parts of practitioner instructions and (6) a lack of understanding

of the serious complications (e.g., infections) that could occur as a result-obmmtiant behaviour.

Additional study into these patient perspectives may help toefuetkplicate the drivers of contact

lens wear and care compliance.

Selfdecl ared Al azinesso (which could be interprete
time required) was given as the reason for not appropriately caring for lenses bgfriany

participants; however, the participants also attributed several of theongpliant behaviours that

were reported to a change in routine. This was particularly apparent in the younger age group when

they unexpectantly found themselves away fromé@nd their contact lens supplies. A large

proportion of the participants thought that the purpose of cleaning their lenses was to simply remove
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deposits which may build up on the surfaces and not to remove microorganisms. A similar lack of

concern was gxessed forthebudd p of Acrusty, brown stuffo aroun
the cases were not cleaned or replaced frequent|l
seemed to be a lack of appreciation of the risk posed by using diety. Gdse general lack of

awareness with respect to hygiene was also apparent with respect to hand washing; several

participants reported that they were careful to wash their hands in order to prevent transferring spices

or cosmetics to their lenses but diokt express concern about the importance of preventing microbial
contamination of their lenses. Some of the participants did report purchasing their lenses over the

Internet; this practice prevents patients from receiving the education, clinical caml@welp that

is recommended for successful, complication free lens wear and is often considered to be an issue for
compliance, particularly since it has been shown to be associated with a greater risk of developing

microbial keratitis 1**°

There are n@omparable studies with which to compare our findings. Similar studies have been
conducted to investigate n@ompliance with the glaucoma management. Poor education, lack of
motivation, forgetfulness and faulty drop application have been found to belebstacompliance

with the treatment regimefY; “*whereas the motivation for adherence has been the fear of blindness
and faith in drop efficacy’® These themes are analogous to those discovered in our study, even
though they relate to treatment fodiaease rather than compliance with the use of a prescribed

medical device.

This studyds qualitative methodology is criticiz

took steps to ensure the det er micradibitity (stermaf t he o6t r
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validity), conformability (objectivity), dependability (reliability) and transferability (external validity

or generalizabilityf**°

Credibility was addressed, in part, thaonminegh @t ri
and focus groupspiversity of the focus groups was also incorporated into the study design with the
involvement of two distinct age groups of contact lens wearers, who have previously been reported to
behave differently with respect to contaaidavear??*>!In addition, peer debriefing was performed

and discussions regarding developing ideas and interpretations were conducted throughout the data
collection and analysis among some of the studyb®é

CCLR.

A number of steps were taken to ensure that our
and ideas of the participants and not the investigators. These included: (1) the facilitator did not

interject opinions or speak more than participaf#sthe audio recordings were accurately

transcribed for each focus group, (3) careful observation notes were made, and (4) accurate records
were kept to enable a subsequent audit trail by an independent researcher. With the aim of ensuring

the dependalify of the research, the study design and implementation were clearly described in the
methods section. These details serve as a means of quality assurance and should aid others in

replicating similar research at another time.

Focus group studies involvelatively small numbers of people and therefore the opinions expressed
by the participants may not be representative of the general contact lens wearing population. A
possible limitation of this study is that only 12 participants took part in the fooupgrit became

clear that thematic saturation had been reached after the conclusion of four focus groups (12

participants) thus there was no additional value to adding additional groups. The richness of the data
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collected however, hopefully surmounts te&atively small sample size. While transferability of
these findings to a broader population could also be considered to be a limitation of the study,

relevance rather than generalizability is the primary goal of qualitative research of thishature.

In addition to the possible consequences that individual patients may face as a result of non
compliance with contact lens wear and care, the financial implications for society should also be
considered. An analysis was conducted in Australia to evaluatedtmdity of the most serious
complication that can occur as a result of poor compl&mirobial keratitis*®*’ Costs for cases

of microbial keratitis were calculated to range from $1,191 to $1,779 Australian dollars. It was also
calculated that theuvden of disease might be reduced by as much as 76% if contact lens wearers

were to change their habits and be more compliant with their lens wear and care protedures.

To our knowledge, this is the first time that qualitative research methods haveskéden evaluate

patient compliance with contact lens wear and care. Future work in this area may be able to provide
an increased understanding of which aspects of contact lens wear and care are considered by contact
lens wearers to either constrain aable compliance and help eye care practitioners to counsel their
patients on the importance of appropriate lens wear and care procedures. The results from qualitative
research studies may also aid in the development of specific approaches and todleto ena
compliance. For example, contact lens wearers may be more compliant if they are advised that their
comfort will be better if they replace their lenses when scheduledffgaied) rather than being

advised that they will experience discomfort if tHal to replace them on schedule (ldssmed).

This is known as AProspect theoryd and has been
been reported that individuals are more likely to stop smoking when presented with specific benefits

of quitting (gains) compared with being presented with the financial costs of continuing (I65ses).
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The expansion of products offering greater convenience at an affordable price may also play a role in
improving contact lens care compliance in the future. Emguhat adequate instructions are
available and conducting ongoing patient education should be considered crucial to compliant and

successful contact lens weatr.

7.6 Conclusion

This research study has provided a mgproactto understandingon-compliance wih contact lens

wear and care The qualitative aspect of the studycomplementary tpastquantitative studies

while deepening our understanding of contact lensawonpliancelt is important to understand

more than the A wh odonpalnida ntchee; #fAtwhhea tfiowhoyfdo noofn t hi s
us develop strategies to addresSéveral key themes relating to roompliance emerged during the
conduct of the studyincludingconsequences, instructions, routine, convenience, tiahgesand

finances Eye care practitioners atite contact lensdustry can hopefully apply this greater
understandingf why patients fail to wear and care for their lenses as they shouldipthem

develop strategies and tools to aid compliance and suiccesstact lens wear.
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Chapter 8

Di scussi on

Thisthesis is essentially comprised of six separate manuscripts, each with a discussion relating to the
specific study design and results. This chapter will not simply repeat the impressions and theories
debated in the previous individual discussions, but wifleatake the approach of discussing the

overall findings from the studies in a more global way, based upon the rationale behind the thesis. In
addition, the key findings from this thesis research will be discussed in the context of the results from
studies by other authors that have been published or presented during a similar time frame to when

this body of research wasnducted.

8.1 Methodologies

As described earlier, there are many ways in which compliance can be assessed in heblth care.
researctportrayed in this thesisutilized several different methodologies, each with its relative
advantages and disadvantages. Employing a number of different approaches is advantageous and

strengthens the reliability of the data collected.

(1) In the first study thas described in this thesis, a questionnaire was administered by the
investigators to just over 100 current lens wearers to determine whether they knew the names of their
contact lens products and whether photographic aids would help in their recodghéistudy did not
evaluate compliance with the use of the products and participants were simply asked to respond to a

set series of questions regarding which lenses and lens care products they were using.

(2) For the second study, eligible prospectiagtipipants were identified by their ECPs mailed a

guestionnaire that was to be completed at home by the participants and returned directly to the CCLR.

The participants6 ECPs did not see the individua
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products used, along with recommendations given for lens wear and replacement was subsequently

obtained from chart review by the investigator.

(3) The third study was able to involve several thousand participants across Canada since it was

conducted usinghe Internet. The advantages of administering a questionnaire on the Internet include

the possibility of a larger sample size and the ability to ensure that all questions are answered and that
responses are only possible from a predetermined selectiomgey. taaddition, seHpopulating

guestiongan be included which will appear dependent on the responses given to earlier questions.

The disadvantage of this methodology is that it could not be confirmed that all the study participants

were indeed contat#ns wearers or that the lens types and the care systems used were accurately

reported. Fortunately the demographics of the respondents closely matched what would be expected

of a contact | ens wearing popul aprodoctswiththed t he pa

online photographic aids hopefully improved the accuracy of theireedirt.

(4) The fourth study involved a questionnaire that was completed by contact lens wearers in their
ECPs6 offices. Each gu e suecodenwhiahialfowed tharespdnsevod | ed wi
the participants to be matched with those of their ECP, which were completed separately. Both this

study and the earlier one in which participants completed a questionnaire at home, unfortunately

suffered from the égwbacks of administering a pagsased questionnaire which allows participants

to skip questions or enter invalid responses which cannot be checked or corrected titreelate

(5) The fifth study combined the designs of two of the previous studieqdet® participants who
were considered eligible for the study were identified by their ECPs and invited to take part in the
study, which was administered using an online survey. The study population could therefore be

controlled, while still allowing adrger sample size and the many advantages of Internet based
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guestionnaires. An additional benefit of an Internet based questionnaire utilized in this study was the
ability to include participants from several countries and to compare their response®r3wns/of
the questionnaire were made available, one in English and one in Norwegian, but the responses from

both could be combined into one dataset.

(6) Finally, in the sixth study, a series of focus groups were conducted with current contact lens

weares. This methodology, employing direct encounters with individuals, is frequently used in

gualitative research but has not been used to evaluate compliance with contact ldresavear

While quantitative research methods can measure how often or textbat contact lens wearers

are noncompliant, qualitative methods, try to find out why they behave in the way they do. These

research methods may be criticized for their inability to be generalized to a larger population, but the
methods that were usedédasure rigour where described in detail in this chapter and the use of these
gualitative methods was considered to be extreme

respect to compliance with contemporary contact lens wear.

8.2 Modeling contact lens compliance

In Chapter 7, achematic description d@f h tnem@s relating to norcompliance with contact lens

wearwas presented. As somewhat of an extension to
been developed which represents the types oftomampliance that can occur with contact lens wear

and have been presented in this thesis (the lower eyelashes), the determinants of contact lens
compliance (the pressure exerted by the upper lid on blinking) and the consequences of non

compliance (the tea). While it is recognized that this is somewhat of an over simplification of a

much more complex topic, it is hoped that the reader will benefit from this visual representation. The

model is presented iRigure8-1.
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Figure 8-1: Model depicting non-compliance with contact lens wear
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8.3 Types of non-compliance and their prevalence

While contact lens materials, replacement intervals and care regimens have changed considerably
since thdirst studies investigating contact lens compliance were conducted, the behaviour of the
people wearing them has not. The types and prevalence -@iomapliance described in this body of

research are similar to those previously reported.

8.3.1 Lens replacement

It is important to recognize that lens replacement modality does not causempliance but may be

a barrier to complianc€ontact lensvearers continue to fail to replace their lenses according to both
the manufacturerso6 r ec gtherEBCR.dnahe studyisvestigatihg thehos e gi v
relationship between compliance with replacement -afsable SiHy lenses and contact lens related
problems, 67% of participants were not compliant with the MRRF and 60% did not follow the
recommendations given them by their optometrists Non-compliance rates were slightly lower in

the Internebased study conducted across Canada, at 5484l in the officebased survey study

conducted in the United States the ftmmpliance rate was 48%however, both of tise studies

also investigated neocompliance with the replacement of DDCLs whiwsconsistently been

reported to be lower than with-tssable lens typed® Studies conducted by other groups in the

United States during a similar period of time reported-compliance with lens replacement to vary
between 35% and 63%° and an international analysis reported overalFcompliance with lens
replacement to be 60%, confirming that this continues to be a significant problem among contact lens
wearers worldide. *° The way in which nortompliance with lens replacementigpressethas also
changed to not only report the absolute proportion of wearers who exceed the recommended intervals
between replacement, but also to evaluate how much longer they cdotimear their lenses beyond

this point.>#°



Compliance with onenonth replacement contact lenses continues to the better than watvetko
replacement lenses?® however, the best compliance with replacenienith DDCLs, and in the

Internet studyconducted in four countries an overall rate of4compliance with replacement of 9%

was found!* In this study, the negompliance rate for wearers in the US was 12%, the same as
reported inaprevious study and similar to the rate of 14% reported bywy et al*® The study

conducted in US ECP offices yielded the highest rate ofcoompliance with replacement of DDCLs

at 26%.2 It is not clear why this rate was so much higher than that reported in the other studies;
however, one possible reason isttimesome cases the ECP may have reported the lens type that they
had just refitted their patients with (and the
while the participants were reporting their replacement habits witsable lense$at they had been
wearing up until the visit where they completed the questionnaire. Juseref daily disposable

lenses is of particular concern if they are simply stored in the blister packs from which they came
since 95% of lenses stored in this wayé been shown to be contaminatédnother type of non
compliance which is more relevant to DDCLs is the removal of lenses during the dayiasettion

later in the day; this behaviour was reported by 10% of the participants in the DDCL studysasd rai
similar concerns for how the lenses are stored during the periods of time that they are not being worn.
In the focus group discussions it was apparent that contact lens wearers may not even consider the re
use of daily disposable lenses to be-wompiant if the lenses are only being worn for short periods

of time, for example during sporting activitiéd.

The reasons given for failing to replace tweek and onenonth replacement lenses according to
recommendations continue to be simply forgettingcivlday they should replace their lenses

(approximately 40%) and to save money (approximately 3b%)or DDCL wearers the primary
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reason given is to save money (60%) followed by running out of lenses (4 7e&se findings were
supported by the discsi®ns during the focus groups in the qualitative study of compliance although
some patrticipants in this study also reported relying on cues or triggers to replace their lenses, such as

deposits on the lenses or a decrease in visual quality while wezagitentes:®

8.3.2 Wearing times and overnight wear

End of day discomfort with contact lens wear is a frequently reported problem and many patients
report that their comfortable wearing time is significantly less than their total wearingitie.the

study investigating discontinuation from lens wear, more than half of the questionnaire respondents
indicated that they wished they could wear their lenses for longer each day and the lapsed wearers
reported shorter overall wearing times than the current weeArd similar proportion of reusable

SiHy wearers and DDCL wearers reported discomfort later in the day but continued to wear their

lenses for an average of between 2.4 and 3.4 hours beyond this"ime.

Despite these relatively frequent reports md ©f day discomfort, many study participants (13%
across the four studies where this was evaluated) reported that they wore their lenses overnight
occasionally, frequently, or almost every night; napping while wearing lenses was reported by 35 to
75%of the participants in these studi&3™ It was particularly disturbing to find such a high

proportion of DDCL wearers reporting occasional overnight lens wear, even if this was just for one
night in the preceding month: Overnight lens wear conties to be one of the major risk factors for
microbial keratitis'® The most extensive recent studycompliant and norompliantbehaviour

with respect tmvernight wear of soft contact lenseas conducted by Jansen et'aln this study,
overnight weawas reported at one quarter of the patient visits anecampliant overnight wear was

reported at a rate of 6%. Overnight wear was also reported for DDCL wearers in this study, and all
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these cases were considered to becwnpliant. Patients reportimayernight wear were more likely
to be male, college students, smokers and wearers of SiHy lenses. In the international analysis of
compliance with contact lens wear, Morgan et al reported that almost half of the questionnaire

respondentsleptin lenseghat wereprescribed for daily wear only.

Participants in the focus groups also reported sleeping or napping while wearing theiridrsss.

was often reported to occur when they were tired and inadvertently fell asleep while still wearing
theirlense®r when there was a change in routine, such
participants seemed to be more concerned about how their eyes felt when they did this however, than

that they were putting themselves at greater risk of infection.

8.3.3 Lens supply

Unquestionably one of the most significant changes to have occurred since the first studies
investigating contact lens compliance three decades ago is the advent of Internet purchase of contact
lenses. The FDA recognized that this might be a probie2001." Subsequently serious

complications associated with purchase over the Internet were repgdttetiit was not until 2008

that the frequency of Internet contact lens purchases was repbttethis study of college students,
almost 23% repded purchasing their lenses over the Internet and these individuals were also
reported to purchase Il enses |l ess often and had h
purchased lenses from more conventional sources. In the same year, Stapletomtified iternet
purchase to be a significant risk factor for microbial kerafitimternet purchase in the studies

included in this thesis has ranged from a low of 2% in the study investigating the relationship between
compliance with contact lens ragkement and contact lens problefts, 14% in the online study

investigating discontinuation from contact lens wéaere is concern among ECst patients
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who are prescribeBDCLs are more likely to fill theiprescription over the internét:interestingly,
in the study investigating compliance with DDCLSs, only 9% reported Internet purchase of their
lenses. Wu et al have also reported on the Internet purchase of contact lenses in relation to
compliance with contact lens wear, and in their studuistralia, 17% of participants reported

having purchased their lenses over the Inteffiet.

Purchasing contact lenses over the Internet is convenient and may be less expensive when compared

with purchases made from ECPs. These sentiments were echoetbicuthgroups who reported

l ooking for the fibest deal 6 and the ease with wh
confirmation of a valid prescriptiof® The other concern with purchases over the Internet is that there

is no accompanying courigg on the risks associated with contact lens wear and the procedures

required for appropriate and safe contact lens wear and care. Wu et al reported that individuals who
purchased their lenses over the Internet were almost four times as likely talergsthedule for

important follow visits when compared with those who purchases their lenses from theff ECP.

8.3.4 Contact lens care systems

While the requirements for maintaining a clean, disinfected soft contact lens that can be safely
reinserted into theye have remained the same since these lenses were first introduced, the methods
for achieving this goal have most definitely been simplified with the introduction of multipurpose and
single stegH202contact lens care systems. As a consequence oneeaxjadit compliance with

daily contact lens maintenance would have improved; however, this unfortunately does not appear to
be the case. In our studies , the majority efisable contact lens wearers are using braarded
multipurpose solutions (77% to 88%ydrogen peroxide systems were used by 12% to 20% and
private label solutions were used by 3% or fewer of the wearers.
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The majority of ECPs recognize the importance of rubbing and rinsing lenses that are tigdxzt re
every evening with a multipurpesolution. Unfortunately this information is not being passed on to
their patients; approximately two thirds ofusable contact lens weareeportnot rubbing and

rinsing their lenses every nigahd between 22% and 41% repopping up their cases thisolution

at night rather than replacing it with unused solutfdiThese reports closely match those from other
research groups conducting compliance studies at a similar time. Wu et al reported that 63% of
participants in their study failed to rukethlenses, Hickse€urran reported a failure rate of 75% and
Morgan et al, 80%°?%In these same studies up to 54% of participants reported sometimes topping

up their cases with solution.

Once again, the results from the quantitative studies aressutby the patient reports in focus

groups.*® Contact lens wearers may know that rubbing and rinsing their lenses is important, but they

are often unwilling to take the additional time for this important step at the end of the day. An

interesting findingn this research was that some wearers intentionally did not rub their lenses
because they were worried about them tearing. Ot
their I enses and were more conceposdtabouhanhehep

transferring potentially sigkthreatening microorganisms from their lenses to their eyes.

8.3.5 Contact lens cases

In recent years, contact lens researchers have increasingly began to recognize the importance of
appropriate contact lsrcase cleaning amdplacement* Lessthan one third of the participants in
reportedcleaning their lens cases every day or most ddyghis finding is consistent with the other
studies which were being conducted at a similar titfgnd in the iternational analysis of

compliance only 0.4% of participants were found to be practicing correct cas¥ atkese studies
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more than 50% of wearers reported using tap water to clean their lens-¢4%a&1 has carefully

looked at both the currerdcommendations for contact lens case care and the most effective ways of
cleaning contact lens cases in order to reduce microbial contamirfafiohhe instructions that are
available for patients to follow come from a number of sources; those pointie packaging from

the manufacturers, information that may be provided from their ECPs and information that may be
available on the Internet. Wu et al examined all of these carefully, comparing instructions from
different products, the results of asey from Australian optometrists and the information that is
available on the FDA websit&. While rinsing the case was common to all sources, rubbing the case
was only recommended by some of the optometrists and air drying the case was recommended on the
FDA web site (face down) and by the optometrists (usually face up). Recommendations for replacing
the case varied from once a month to intervals of up to six months. In a separate study, 58% of cases
that were collected from current wearers were fourtzetoontaminated with microorganisms and

cases that were less than nine months old showed less contamfiatien further studies, onie

vitro and one with cases used by patients, showed that the most effective way of reducing the number
of colony forming units of microorganisms in the cases was to follow a rub, rinse, tissue wipe and air
dry regimen?®*Becausehere also seemed to be conflicting information provided on the best way to
air dry cases, an additional study was conducted looking angheect of both location and placement

of cases to air dry’ Humid locations such as the bathroom and specifically near to the toilet resulted
in significantly higher rates of contamination than dryer locations such as the bedroom and bathroom,
but only wren the cases were left to dry facing upwards. The contamination rates were significantly
lower for all cases that were left to dry facing downwards but were similar for all locations tested.

The build up of a biofilm in contact lens cases is known todmpufEntly associated with a greater risk

for microbial keratitis since it can providdavourable environment for proliferation of certain
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microorganisms=° A recent study has confirmed infrequent case replacement to be a significant risk
factor for the évelopment of moderate and severe microbial kerdfis)d there is now concern that
there is an increasing diversity of bacterial types in the biofilm forming in cases, with particular
interest inAchromobacter spBtenotrophomonas maltophiliandDelftia sppand their link with

contact lengelated inflammatory complication’.

There was considerable confusion among the focus group participants with respect to appropriate

contact lens case care and replacement; this is hardly surprising when gasteipbnts reported

that no one ever told them what to do with the ciddany participants reported using water to clean

their cases, when they remembered to clean it, and some participants provided rationale for leaving

the case closed because oficerns for contamination in the bathroom. It was somewhat disturbing

that sever al of the focus group participants rec
seem to appreciate that the Adirt theysloydbbe puttin
cleaning or replacing their casémdoubtediythis is an area where considerably clearer guidelines

and more education is required for both the patient and the ECP. Stapleton et al recently reported that:
iAl most 50% of rdisedse nddlyewear codld be elimipateé by better attention to

|l ens case hygiene and 27% by ffrequent storage ca

8.3.6 Hand washing

The frequency of hand washing was assessesddrstudiesluring this thesis research™ It is
interesting thatk higher proportion of participants report that they always wWsshhands prior to
inserting their lensesyith a lower proportion reportindoing so prior to removing their lenses. This
finding is consistent with that of Bowden et%IThe proportion of participants who reported failing

to wash their hands was somewhat higher than has been recently reported in some receftstudies,
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but lower than that reported in othet$2>**The differences are most likely due to the way in which

contact lens wearers are asked the question, and the criteria which are used to assess the adequacy of

the procedures used. Unfortunately failure to wash hands appropriately before handling contact lenses

can result in the lens becoming a vector carryinggmarganisms from the skin on the hands to the

eye. Campbell et al report on the differences be
technique recommended by health care professicfidle former takes approximately 11 seconds

to complete, but fragently misses the finger tips and palms of the hands, while the latter requires 34
seconds. Contact lens wearers are more likely to perform a cursory wash and therefore may still be

placing themselves at greater risk for inflammation and infection.hipisthesiss supported by

comments from the focus group participanisi generally just wash my hands a bit, nothing super

clean, | just run them under the tap for about 10 seconds with abitodsoapi mi | ar |l y, t he h
of hand washing prior tlens insertion wamirroredb y ¢ 0 mme n tlIsthesmoroiig | &as : i

better at remembering to wash my hands, than at night, when | ard tired.

8.3.7 Use of water

The qualitative studies conducted for this thesis research did not specifically investigateothe use

water with, and while wearing, contact lenses; however, as reported earlier, more than half the
participants in one of the studies reported using tap water to clean their len$ Pasésipants in the

focus groups also recounted situatiorfere thg had used water directly on their lenses; fortunately
these occurred infrequently and the discomfort reported following subsequent reinsertion of the lenses
is hopefully a deterrent against repeating this behavid8wimming and showering while wearing

contact lenses is also troublesome and has been considered to beoapbant behaviour.

Showering while wearing lenses has been reported by approximately one third of wearers in one
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recent study** and swimming by up to two thirds of wearers in ottemtemporary studie§?***The

majority of contact lens wearers reporting swimming while wearing their lenses did so without using
goggles?®the use of goggles has been showafter some protection against bacterial colonization

of contact lenses kle swimming.®* These data would support the recommendation encouraging lens
wearers to use goggles while swimmiRgrticipants in the focus groups also reported engaging in

water activities and there were several references made to wearing lensies pavka and the
impracticalities of wearing spectacles in these situatidWhile ECPs may be having discussions

with their patients about swimming as a sport and making appropriate recommendations with respect
to contact lens wear, they may not besidering the other times when patients are coming into

contact with water while wearing their lenses and suggesting ways to reduce the risk of contamination

of their lenses, such as the use of daily disposable lenses and goggles.

8.4 Determinants of non-compliance

If it were possible to identify which contact lens wearers were more likely to beamopliant with

respect to wearing and caring for their lenses, resolving this issue would be much simpler.
Unfortunately this has not proved to be straightforwarthe past. During the course of this thesis
research, a number of different factors were considered and are reviewed in the context of the relevant

recent research by others on this topic.

8.4.1 Demographics

Some of the early studies on compliance reportedytiimnger wearers may be less compliant than
older ones®**'This finding was repeated in our earlier studies investigating compliance with lens

replacement*® In the studies specifically conducted for this thesis, age was found to be a factor for
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comgiance with lens replacement and care system use only once and, consistent with the earlier
studies compliance, was better for the older wearers. In addition, in the DDCL study, younger wearers
reported overnight wear with their lenses more frequently dhder wearers' Younger wearers

were also reported to be more likely to demonstrateaoonpliant behaviour in the studies being
conducted at a similar time by Bui et al, Yeung et al and Morgan&t%h addition, in the

preliminary quantitative lpase of the focus group studyslaghtly higher proportion of the younger

group reported Internet purchases, overnight wear, and failure to wash their hands before inserting
their lenses, buhe sample size for this study was comparatively smalttzesd differences were not

statistically significant*®

Therole of gendeiin noncompliant behaviour has also been investigated, but in the early studies no
differences were found between male and female wearershd$isot been found to be the case in

same recenstudies of compliance, where a higher proportion of male weassesreportedo be
non-compliantwhencompared with female4® Gendemwas not found to play a role in n@ompliant
behaviour with respect to compliance with lens replacemenheiourrent studies;?**however,

females were found to more compliant with the use of care systems and showed better recognition for
which system they were using and were less likely to wear daify\Males have been reported to be

less compliant thn females with respect to overall compliance, compliance with lens replacement

and sleeping while wearing lenses, in studies conducted during a similar period 6ftine.

Wearing time (hours per day and days per week) and experience with lensumalaer(iof years of
lens wear) were also evaluated as possible factors relating to compliance. No differences were found
with respect to wearing time, but in the study investigating compliance with replacement and contact

lens related problems, a higher poajon of participants who had been wearing lenses for longer

199



were found to baon-compliant.! This is consistent with the findings of Chun and Weissman from
their early study investigating overall compliance with contact lens Wedargan et al repoet

parttime wearers to be more compliant than full time wearers in their international Study.

As reported in the introduction, previous studies have not been able to show a relationship between
socioeconomic status and noampliant behaviour in contatens wearers. The studies described in

this thesis did not specifically evaluate the possible role of education and occupation; however in one
study, participants were asked about their household income and a higher proportion of participants
with lowerincomes were found to be na@ompliant with lens replacement than those in the higher
income brackets. As reported earlier, one of the reasons given for not replacing lenses when

recommended is to save money and therefore this finding could be anticpatame degree.

8.4.2 Lens purchase patterns

A number of different factors relating to the purchase of lenses were evaluated in these studies. These
included purchase source (ECP, Internet etc.), purchase quantity and method of payment. Participants
who repoted purchasing lenses directly from their ECP were generally more compliant with respect

to replacing their lenses, as were those who purchased a one yearsBpphjous studies have

reported better compliance with lens replacement in thewi€re paents frequently have a pre

arranged payment agreemetiin the DDCL study, a relatively high rate of compliance with lens
replacement was also found in the UK, but it is not clear whether this, or other factors may be

contributing to thiglifference **
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8.4.3 Contact lenses and care systems

It was not surprising to once again find that the MRRF played a role in compliance with lens
replacement and this has been discussed earlier. Other factors should also be considered however,
including lens materials, lengsigns and prescriptions. Interest has been expressed in whether
compliance with replacement of SiHy lenses is any different compared with conventional materials.

In the Internebased study conducted to investigate discontinuation from contact lenawear,
significantly higher proportion of rasable SiHy wearers were compliant with the MRRF when
compared with hydrogel lens wearéra similar finding was also reported by Yeung et al, but the
onemonth replacement Si Hy weiatenalibetweandensaeplacementd t o
for longer than onenonth replacement hydrogel wearers in the study conducted by HiCksoen

et al, suggesting that it may be too simplistic to solely consider the broad classification of material

and there are likelyotbe differences according to specific lens brahtié/hile degree of refractive

error does not appear to influence lens wearer behaviour with respect to compliance with
replacement:® wearing toric or multifocal lens was reported to be a factor lsitths not the case

for all the studies conducted. Toric lens wearers were found to be less compliant in our earlier studies,
“®put not in the studies reported on in this thesis, and multifocal lens wearers were only found to
more compliant with replacesnt in one of the more recent studfeSpeculation that the higher cost

of specialty lens may result in a lower rate of compliance with replacement is not supported by the

findings among the multifocal lens wearers; however, these wearers are also older.

We have not been able to find a difference in compliance with respect to lens replacement according
to the types of care system being used, although Yeung et al have reported a higher rate of

compliance with lens replacement among users of hydrogen genakien compared with those who
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used multipurpose solutiorfsanda similarly higher rate ofverall compliance with instructions for

care product use in users of hydrogen peroxide sydiambeen reported in another sty

8.4.4 Risk taking propensity

It would be helpful folECPs tdbe able taecognize which of their patients are most likely to be-non
compliant Carnt et al conducted a study in which optometrists rated how compliant they thought their
patients were and the attitude of their patients tosvéotiowing instructions?* The patients

independently completed both a questionnaire assessing their compliance with contact lens wear and
care and a recognized risk taking survey. Risk taking was found to be associated with the overall
compliance scorand the scores for lens disinfection and case hygiene. Younger patients and male
patients were found to be less compliant and these individuals were also reported to have a higher
propensity to take risks. The mplance anethelengthaf 6 per c
time that the patients had been wearing lenses, were not found to be associated with the overall
compliance scores. Risk taking was found to be the only independent risk factor, suggesting that a
higher risk taking propensity mde a much better predictor of roampliance with lens wear and

care than many of the other factors considered. These results may also help to explain why younger

males are more likely to display noompliant behaviour when wearing and caring for tregises.

8.4.5 Patient perceptions, knowledge and attitude

Recent studies have reported that a much higher proportion of contact lens wearers consider
themselves to be compliant than in actual fact’arén order for a patient to change their behaviour
and kecome more compliant, they first need to recognize that they are susceptible to developing a

complication, such as microbial keratitis, and that the consequences of the complication are severe.
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This model of fiheal th bel iheift®duction¥ The queliwtive i be d i
study that was conducted towards the end of this body of research, supported the importance of
patient beliefs or perceptions and knowledge, in their attitude towards contact len'S iéuie

many of the participastin the focus groups were aware that they might experience an infection as a
result of wearing contact lenses, they considered this to be extremely unlikely and did not appear to
realize that they were increasing their risk of developing this conditianmesult of certain

behaviours (e.g. sleeping in lenses, poor hygiene etc.). There was also a lack of knowledge regarding
the severity and possible outcome of developing a sight threatening infection. A similar theme was
apparent in the study investigaginontact lens related problems, where more than half of the patients
who experienced a contact lens related problem, failed to consult with an eye care professional or
other doctor regarding the problehThe majority of the DDCL wearers recognized tinetre was a

risk associated with thegse of their lenses and this risk was generally perceived to be developing

an eye infection; however, interestingly only three percent expressed their major concern as being

permanent loss of visiof:

Patient knowedge of complications has also been investigated by others. In the two studies conducted
by authors from Southwestern Medical Center in Dallas, patients attending the university clinic
believed contact lens complications to be more common than patientgfiirate optometric

practices in the area and a higher proportion were able to name a complicafitre patients

attending the university clinic named fAinfecti

n

on

practice responded mecoenfofftemndThiaanddémgnstrates

same geographical area can have quite different perceptions and beliefs according to where they

obtain their eye care.
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It was interesting to find a difference in compliance with replacement ofl3@€cording to the

countryin whichthe wearer lived in:* Differences in compliance were also reported by Morgan et al

in their international analysis of contact lens compliatftEhere could be many reasons for the
differences between countries anfililhdiscussion of these is ppend the scope of this thesis;

however, f is important to recognize that when compliance with contact lens wear is investigated in
one country, the results may be very different to those from another country. Interestitiggytwo

earlier studies of compliance with replacement of lenses which the CCLR conducted in the US and
Canada, the results were almost identical; these two countries are on the same continent though and
the provision of eye care and products avail&igoatients are very similar in both countries. This is

certainly not the case around the world, and many other factors are likely involved.

8.4.6 Instructions

Providing information to patients regarding the way to wear and care for their lenses is extremely
important. This information should be correct; patients do not consider themselves te be non
compliant when they are following advice given to them by their ECP. An example of this was
reported in the focus groups when one participant reptirtgdheroptometrist had given her a trial

pair of continuous wear lenses but said that although they were supposed to be replaced every month,
since she was only going to be wearing them during the day, she could extend their life to three
months*? Constraints to @mpliance also occur when no information is provided to patients on how

to wear their lenses and look after their lenses and lens cases.

Reinstruction can always be provided at folla visits. Morgan et al reported better compliance in
patients who hadeen their ECP more recentlyIn the study evaluating compliance with lens
replacement and the interval between eye examinations, we found that the participants who were
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compliant with | ens replacement atdsewhdwetkndthei r
compliant.® The reason for the improved compliance may be the reinforcement of instructions at

these regular visits or it could be that because they have come into the office for a visit they are more
likely to purchase a replacement slyppf lenses. Either way, both the ECP and the patient derive

benefit from this positive behaviour.

8.5 Consequences of non-compliance

When such a high proportion of contact lens wearers aremmpliant with one or more aspects of
their contact lens wear amdre, it is surprising that there are not more serious complications.

McMonnies has made a useful analogy to the lottery:

fiThe more tickets you buy and the more frequently you buy them, and the longer you continue to buy
them, the better are the odds tlyau will win a prize. The same principles apply to the odds of
experiencing contact lens problems. The more often you break the rules, the greater the number of
ways you break them, and the longer you continue to break them, the better the oddsyarewtilat

experience problems. However, insteagviining, you lose &

There are a number of different consequences that can occur as a result of not complying with
appropriate lens wear and care and these have also been evaluated in this thesisCesaaliahce

with contact lens wear can be considered to be similar to compliance with treatment for conditions in
which patients do not experience deleterious consequences of not following the prescribed course of
treatment, until the consequences areifaated in an acute way. Examples of such conditions

include hypertension and glaucoma. Unfortunately these consequences can be severe and therefore

compliance with regimens to decrease the likelihood of them occurring is extremely important.
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8.5.1 Problems or complications

Unarguably, the most serious complication that can occur as a result-cdmpfiant behaviour is
microbial keratitis. The studies conducted during this thesis research did not specifically investigate
the role of norcompliance in the devgbnent of microbial keratitis, but this is already well

documented in the literature and has been reported on in the introduction to this thesis.

In the thesis study that was specifically designed to investigate patient reported problems, the patients
who were compliant with the recommendations given to them by their ECP for lens replacement were
found to be less likely to experience contact lens related problems than those who were not compliant
with these recommendatiorisA similar trend was seen witlesgect to compliance with the MRRF;

however this difference was not statistically significant. Yeung et al have also reported a correlation
between compliance with lens replacement and contact lens complicatiotiseir study, a range of
conditions wee included and a higher number of complications were seen per eye in those wearers

who were extremely neonompliant with lens replacement.

8.5.2 Comfort and Vision

A consequence of necompliance, which is not acute in presentation, is a gradual deteridration
comfort and or vision that may occur while wearingisable lenses. A decrease in both the

subjective report of comfort and vision, has bdescribedn a previous studinvestigating

compliance with lens replacemefitA similar decrease in the salsfive comfort of DDCLs when

they were used on a subsequent day was reported in the DDCL study that is included in this body of
research®! During the focus group discussions in the qualitative study, participants reported that a

decrease in visual perfoance was a cue that lenses were due to be reptaced.
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8.5.3 Discontinuation from contact lens wear

The ultimate consequence of noompliance for both the patient and the ECP, is discontinuation

from contact lens wear. One of the studies conducted for #sgstivas designed to determine which

factors may lead to abandonment; in this study, compliance with recommendations for contact lens
replacement was not found to be a factor in lapsing from contact lens wear; however, the participants
inthe study whorepr t ed poor compliance with contact | ens
disinfecting solution) were found to be more likely to discontinue from lens wear. It is not clear

whether these neaompliant behaviours resulted in inferior comfort or vision wiessthlenses, or

other problems, but was an interesting finding nonethéless.

8.6 Improvement of compliance

Compliance with contact lens wear and care could be improved with a number of different strategies.
The first stage is to recognize the barriers or caimgs to compliance and hopefully the qualitative
research study conducted as part of the thesis has been able to add considerably to our understanding
of the experience and perspectives of contact lens wearers. The next stage is to develop a number of
specific approaches and tools that can enable contact lens wearers to be more compliant and
successful with contact lens wear. The most frequently occurring themes that developed during the
focus group discussions wer e Ubtedlysdmmuncdtionons o and
between the contact lens wearer and his or her provider is an extremely important factor. While this is
most often in the more traditional form of a verbal discussion between the ECP and the patient along
with supplementary written gtructions, other approaches may also be relevant, particularly with the
increasing number of individuals purchasing their lenses from other sources including the Internet.

Clear instructions need to be provided and frequertgnferced; explaining theeasons for
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replacing lenses on schedutleaning lenses and cases et ceig@so extremely important and

patients are much more likely to follow the instructions that they have been given if they understand
why they are carrying them out. In our fisstidy evaluating compliance with replacement of SiHy

and DDCLs, a higher proportion of compliant wearers recognized the importance of effective
communication with their ECP when compared with-gsompliant wearers.Understanding the

possible consequersef not complying with the instructions that they have been given is also a
crucial component in improving compliance, particularly for those patients who have a higher
propensity for taking risks or who have been determined to be more likely to {m®mphant. If

these wearers understand ttiety are indeed susceptible to serious complications (e.g. microbial
keratitis) and that these complications can result in severe outcomes (e.g. loss of vision) but that they
can decrease their chances of expemgnthem by being compliant (e.g. not sleeping in lenses,
improving their hygiene when handling their lenses), they may be more likely to follow the
instructions that they have been given if they do not foresee any significant reasons or barriers not to
(e.g. financial constraints). The importance of providing ongoing education to contact lens wearers
cannot be overstated; contact lens wearers often become somewhat complacent with respect to their
contact lens wear and maintenance, particularly if they havexperienced any problems as a result

of small lapses in compliant behaviour; the analogy of the lottery ticket purchase can be extremely

helpful here??

In the first study described in this thesis, a significant improvement in the recogrfitf@habitual
products used by contact lens wearers was demonstrated with the use of photograghidthits.

pictorial aids may help to improve compliance with contact lens wear and care. An eisathple

guide to fAiHealthy Sof tasheenddvelopdd bylthe Assdoiiaf Gontack 0 wh i
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Lens Educatorg” This clear patient guidie downloadable from the Interngtvailablein English,

French and Spanislndprovides a list of illustrated instructions which the ECP can review with
their patents. The guide can then be taken home for patients to review at regular infidreals.
Contact Lens and Cornea Section of the American Optometric Association has also developed a
patient hand out and a web site designed to explain contact lens safatigtds. This web site
addresses may of the questions that contact lens wearers ma{’ itreze are also many videos
available on the Internet that show patients how to wear and care for their lenses. There are some
problems with patients using the éntet to find health related information though and the advent of
search engines such @sogle has unfortunately resultiedpatients often finding too much and
frequently conflicting information. A different approach to providing health related infamatid
education, has been developed by Dr. Mike Evans, a University of Toronto professor of family
medicine and public health. He has developed a series of short public health videos designed to
educate patienté® In these videos key health issues aespnted in an entertaining yet informative
manner using whiteboard illustrations drawn while the viewer watches (speeded up from real time)
with a simultaneous audio soundtrack. A similar approach may be extremely helpful to educate

contact lens wearers.

Manufacturers of contact lenses and contact lens care products can also play a role in improving
compliance among wearers by continuing to simplify and improve their contact lens products to
encourage compliance while still being safe and effective whesh lms contact lens wearers

worldwide.

209



8.7 Limitations of current research

It should be recognized that there are some limitations to the research presented in this thesis. A
number of different methodologies were used, all with their own advantages and wliagdsaAll

of the studies relied heavily on indirect methods in which the contact lens wearers reported their
behaviours with respect to contact lens wear and care. Indirect assessments of compliance generally
result in higher levels of compliance beirgported since the respondents frequently reply with the
answer that they think is correct rather than the one which actually describes their behaviour. This
limitation was hopefully minimized by allowing participants to complete questionnaires either
anonymously or independently from their ECP whiltould have encouragéte participants to

respond honestly.

None of the study designs were prospective, controlled, masked or randomized. Conducting studies
investigating compliance using these tenets of siiemvestigation could be extremely costly and

in many ways may not be ethical, particularly if the wearers are actually instructed to-be non
compliant. In addition, many different factors considered to be important in describing and predicting
non-comgiant behaviour were investigated; however, in most cases the effects of these were
considered in isolation of other factors being tested or evaluated. Human behaviour is extremely
complex and often unpredictable, and applying rigorous statistical an&lgisisques was not

considered to be entirely appropriate when evaluating the results from these studies. Presenting the
data as frequency distributions and, in the case of the qualitative study as direct quotes from the

transcripts, was considered to bersapplicablefor this topic of research.

The participants in the studies were primarily from Canada and the United States and it should be

recognized that although contact lens wearers in both of these countries appear to exhibit similar

210



behaviours wittrespect to contact lens wear and care, this may not be the case in other countries
which were not investigated in these evaluations. Many cultural differences exist worldwide and these
may influence the behaviour of contact lens wearers and the resaitthigee studies could therefore

not be generalizable to other populations. With the exception of the Internet study conducted in
Canada and the focus group study, all the participants were patients recruited through their ECPs and

may not be representatieé the full spectrum of contact lens wearers in their countries of residence.

8.8 Conclusions and future directions

The rate of norcompliance with contact lens wear and care, similar to infection rates, does not

appear to have changed significantly in thetpaarter of a centuryNon-compliancewith

recommendations for contact lens replacement was shown to be associated with a higher rate of
contact |l ens related problemoautCofbact elasomaswedr
and dryness witkheir lenses but this may not be as a direct result otoampliant behaviour with

respect to their lens wear and maintenance. Patients who acemptiant with recommended lens
replacement intervals al so at tpiamak withkeesi r ECP&s of
replacement is better in patients who purchase an annual supply of lenses and encouraging this
practice may increase compliance and result in p
for follow-up care and eye examination$1 Association was found between contact lens wearers who

are norcompliant with lens replacement those who are-campliant with lens care, supporting the

theory that personality plays a significant role in determining whether a patient will be corapliant

not.

Non-compliance with instructions for replacement also occurs in DDCL wearers, but is less common

than for tweweek and onenonth replacement lens wearers. Prescribing DDCL can therefore be used
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as a strategy to improve compliance and since tieeses do not require daily cleaning and
maintenance and no case is required, many of the ways in which a patient carcbmplignt are
eliminated; however, patients do sometimes abuse these lensesdiyg¢hem or sleeping in them,

both of which behdours result in a greater risk of infection.

Qualitative research methods were able to provide a new approach to understanding why contact lens
wearers are sometimes noompliant and were able to give insights into what strategies could be
employed tornprove compliance. Careful counseling and education on the risks associated with
contact lens wear is required to provide patients with a better lens wearing experience and continued

successful contact lens weatr.

The issues of nenompliance with contacehs wear and care are unlikely to be solved in the near

future. Further research should be conducted to investigate how instructions can help patients to
become more compliant and to avoid the possible consequences associated with inappropriate contact
lens wear and maintenance. Prospective studies of compliance over a significant period of time could
be conducted to determine the effects of extensive instructions and the possible consequences of non

compliance.
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WOLTERS KLUWER HEALTH LICENSE

TERMS AND CONDITIONS
Dec 30, 2012

This is a License Agreement between Kathryn A Dumbleton ("You") and Wolters Kluwer
Health ("Wolters Kluwer Health") provided by Copyright Clearance Center ("CCC"). The
license consists of your order details, the terms and conditions provided by Wolters Kluwer
Health, and the payment terms and conditions.

All payments must be made in full to CCC. For payment instructions, please see
information listed at the bottom of this form.

License Number

License date

Licensed content publisher
Licensed content publication

Licensed content title

Licensed content author
Licensed content date
Volume Number

Issue Number

Type of Use

Requestor type

Title of your thesis /
dissertation

Expected completion date
Estimated size(pages)
Billing Type

Billing address

Customer reference info
Total

Terms and Conditions

3047150701131

Dec 13, 2012

Wolters Kluwer Health
Optometry and Vision Science

Comfort and Vision with Silicone Hydrogel Lenses: Effect of
Compliance

Kathryn Dumbleton, Craig Woods, Lyndon Jones, et al
Jan 1, 2010

87

6

Dissertation/Thesis

Individual

Patient compliance with contemporary contact lenses: Impact on
successful contact lens wear

Jan 2013

250

Invoice

School of Optometry and Vision Science
University of Waterloo

Waterloo, ON N2L 3G1

Canada

0.00 USD

Terms and Conditions
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1. A credit line will be prominently placed and include: for books - the author(s), title of
book, editor, copyright holder, year of publication; For journals - the author(s), title of
article, title of journal, volume number, issue number and inclusive pages.

2. The requestor warrants that the material shall not be used in any manner which may be
considered derogatory to the title, content, or authors of the material, or to Wolters
Kluwer.

3. Permission is granted for a one time use only within 12 months from the date of this
invoice. Rights herein do not apply to future reproductions, editions, revisions, or
other derivative works. Once the 12-month term has expired, permission to renew
must be submitted in writing.

4. Permission granted is non-exclusive, and is valid throughout the world in the English
language and the languages specified in your original request.

5. Wolters Kluwer cannot supply the requestor with the original artwork or a "clean
copy."

6. The requestor agrees to secure written permission from the author (for book material
only).

7. Permission is valid if the borrowed material is original to a Wolters Kluwer imprint
(Lippincott-Raven Publishers, Williams & Wilkins, Lea & Febiger, Harwal, Igaku-
Shoin, Rapid Science, Little Brown & Company, Harper & Row Medical, American
Journal of Nursing Co, and Urban & Schwarzenberg - English Language).

8. If you opt not to use the material requested above, please notify Rightslink within 90
days of the original invoice date.

9. Please note that articles in the ahead-of-print stage of publication can be cited and the
content may be re-used by including the date of access and the unique DOI number.
Any final changes in manuscripts will be made at the time of print publication and will
be reflected in the final electronic version of the issue.

Disclaimer: Articles appearing in the Published Ahead-of-Print section have been
peer-reviewed and accepted for publication in the relevant journal and posted online
before print publication. Articles appearing as publish ahead-of-print may contain
statements, opinions, and information that have errors in facts, figures, or
interpretation. Accordingly, Lippincott Williams & Wilkins, the editors and authors
and their respective employees are not responsible or liable for the use of any such
inaccurate or misleading data, opinion or information contained in the articles in this
section.

10. This permission does not apply to images that are credited to publications other than
Wolters Kluwer journals. For images credited to non-Wolters Kluwer journal
publications, you will need to obtain permission from the journal referenced in the
figure or table legend or credit line before making any use of the image(s) or table(s).

11. Other Terms and Conditions:

vli4

If you would like to pay for this license now, please remit this license along with your
payment made payable to "COPYRIGHT CLEARANCE CENTER" otherwise you will be
invoiced within 48 hours of the license date. Payment should be in the form of a check
or money order referencing your account number and this invoice number
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