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Abstract: The glaucomas form a heterogenous group of conditions, which collectively 
account for one of the most common irreversible causes of blindness worldwide. The only 
treatment, for which there is evidence, to stop or slow glaucomatous disease progression is to 
lower intraocular pressure (IOP); this is most often initially achieved with topical medica-
tion. Adherence to anti-glaucoma therapy is known to be low even when compared with 
adherence to therapy for other chronic conditions. We performed a PubMed search to review 
evidence as to how adherence to and persistence with anti-glaucoma medications might be 
improved. Approaches to improving adherence include technological (such as using smart 
drop bottles or automated reminders) use of instillation aids, improving communication with 
patient education and improving tolerability of eye drop formulations. There is limited short- 
term evidence that automated reminders can be effective and, unfortunately, instillation aids 
have not proved to be efficacious with respect to improving adherence. A range of factors 
have been identified which affect adherence and persistence, although only a multi-faceted 
approach has proven evidence of efficacy, compared to improved patient education alone. 
There is now a wider range of available preservative-free eye drops, which have been shown 
to be non-inferior in achieving IOP control, with fewer side effects and improved short-term 
adherence. Further studies relating to adherence are warranted, particularly given the pro-
jected increase in glaucoma prevalence worldwide. 
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Introduction
The glaucomas form a heterogenous group of conditions that result in optic neuro-
pathy with characteristic optic nerve head cupping and loss of visual field.1 

Glaucoma is considered to be one of the most common causes of irreversible 
blindness worldwide, with nearly 80 million people estimated to be affected in 
2020, at least 10% of whom were classified as blind.1,2 Furthermore, due to the 
initial asymptomatic nature of most glaucoma, even studies in developed Western 
nations (where a degree of glaucoma screening is available) have revealed that up 
to half of all glaucoma cases remain undiagnosed.3–5

Primary open angle glaucoma (POAG) is the most common form of the condi-
tion, accounting for more than two-thirds of cases.6 Amongst the other types of 
glaucoma, primary angle closure glaucoma (PACG) represents the next most 
common cause and this has higher prevalence in East Asian countries.7 Most 
forms of glaucoma, including the vast majority of secondary glaucomas, are 
associated with an elevated intraocular pressure (IOP) as the major aetiological 
risk factor. Current treatments all target IOP and this remains the only modifiable 
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factor, for which there is evidence, that can stop or reduce 
the rate of visual deterioration, even in patients with 
apparently normal IOP at presentation.8–19 Despite IOP 
lowering, some patients can continue to experience wor-
sening visual function, suggesting the presence of IOP- 
independent aetiological risk factors.14,20

Once diagnosed with glaucoma, patients should be 
offered lifelong control of IOP with monitoring of optic 
nerve appearance and visual function.21 The need for 
diagnosis and subsequent monitoring places a significant 
burden on both healthcare systems providing glaucoma 
services and on patients with ongoing hospital appoint-
ments and treatments. The burden of a glaucoma service is 
for a patient population where most individuals are asymp-
tomatic but potentially at risk of functionally significant 
visual loss. When IOP lowering is indicated, options to 
achieve this include medical, laser and surgical modalities. 
Whilst the benefits of laser therapy in the form of selective 
laser trabeculoplasty has increasing evidence for use as an 
initial therapy for open angle glaucoma, topical medical 
therapy remains the most commonly utilised first-line 
treatment option at present.21,22

Topical medications are only suitable for patients who 
can regularly administer them or those who have others 
able to do so for them, such as family members or carers. 
Topical medications also carry a risk of local side effects, 
such as irritation, hyperaemia, dry eye, allergic/toxic con-
junctivitis/keratitis, sub-conjunctival fibrosis, iris colour 
change, eyelash growth and/or orbital fat atrophy. 
Furthermore, the potential for systemic side effects should 
also be considered, particularly with β-blocker therapy. 
Administration of topical treatments entails a long-term 
commitment for the majority of patients with glaucoma 
requiring IOP lowering. Adherence, persistence and con-
cordance with therapy require organisation and motivation 
to administer a preventative therapy in individuals who 
may be asymptomatic and appreciate no perceived benefit. 
Failure to take medications results in worse outcomes in 
patients with glaucoma and there is evidence to suggest 
that overall adherence with glaucoma therapy is typically 
poor when compared with adherence to medications for 
other systemic chronic conditions.23,24

The aim of this review was to summarise the available 
evidence regarding potential methods for the improvement 
of adherence to topical anti-glaucoma medication. The full 
assessment of anti-glaucoma medications administered by 
other routes was considered to be outside the scope of the 
review. Electronic searches relating to the improvement of 

adherence to topical anti-glaucoma therapies were made 
using PubMed (January 1979–January 2021). Initial search 
terms for the literature review included “topical”, “glau-
coma”, “medication”, “adherence” and “improve”, which 
yielded 68 results. The literature search results were 
assessed for relevance and quality by the authors and 
papers deemed appropriate were included. Additionally, 
any further relevant papers of sufficient quality identified 
amongst the references were included in the review.

Adherence
Whilst adequate control of IOP is achievable in the major-
ity of patients, topical ocular hypotensives can only 
achieve this if administered correctly, regularly and persis-
tently. The nature of glaucoma as a chronic and initially 
asymptomatic condition almost certainly contributes to 
greater non-adherence and subsequently poorer visual 
outcomes.23,25,26 Non-adherence is, however, a result of 
a complex series of factors, with one study identifying 
more than 70 barriers to adherence over four categories: 
regimen, individual patient factors, medical provider 
issues and situation factors.27,28 Additionally, there are 
cultural variances in such barriers to good adherence, as 
well as differences resulting from varying healthcare 
models.29

The term “adherence” has replaced the more traditional 
term “compliance” over time; this reflects a change from 
the view of a prescription from a doctor as an instruction 
to be complied with, to recognising this as a joint decision- 
making process between patient and doctor. The term 
“concordance” has also been introduced into the overall 
approach to the prescribing and taking of medications, this 
being an agreement reached after “negotiation” between 
patient and clinician that respects the patient’s beliefs and 
wishes. Use of the term “adherence” is considered to be 
a factual statement and nonjudgmental in tone, which is 
ideally achieved with “concordance”.30,31 Furthermore, the 
term “persistence” has been introduced, this describing the 
duration of medication use, from initiation to discontinua-
tion. Persistence with therapy reflects the tolerability of the 
treatment to the patient, the desire of the patient to want 
therapy, in addition to the prescribing clinician’s satisfac-
tion with clinical effect and is, therefore, of significant 
importance in the management of a chronic condition 
such as glaucoma.32,33 In addition, there is the concept of 
“self-efficacy” in the management of chronic health con-
ditions. “Self-efficacy” is defined as an individual’s con-
fidence regarding their capability of completing a task to 
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achieve the desired outcome.34,35 If patients have higher 
“self-efficacy” with regards to performing certain beha-
viours, such as taking eye drops, they are more likely to 
complete those behaviours. For evidence-based therapy, 
ideal outcomes are most likely to be achieved with good 
concordance, adherence and persistence.

Given the multitude of influencing factors it is not 
realistic to achieve complete adherence to therapy in all 
patients all of the time. However, it is recognised that 
lower adherence to anti-glaucoma therapy leads to higher 
IOPs, greater fluctuation of IOP and consequently worsen-
ing of glaucomatous visual field defects.23,36–38 Despite 
this, there is evidence that a significant proportion of the 
patients who do not adhere to treatment do so within the 
first 6 months of initiating topical therapy, during a period 
when one might expect engagement with therapy to be at 
its best.24,39,40 More broadly, formally defining an ade-
quate level of adherence with regard to topical anti- 
glaucoma therapy has proved troublesome. An adherence 
rate of 80% may be considered acceptable for many sys-
temic medications but there is no consensus regarding 
such a rate for ocular hypotensives.21 Furthermore, mea-
surement of adherence to topical anti-glaucoma therapy 
has proven difficult because of the wide range in published 
adherence rates for similar populations.41 A significant 
factor in the assessment of adherence relates to the fact 
that measurement of adherence is problematic since study 
participation itself almost certainly influences participant 
behaviour (the Hawthorne effect).42 Use of IOP as an 
outcome measure for measuring adherence is problematic 
due to individual differences (types of glaucoma and diur-
nal variation), together with regression to the mean 
issues.43–46 Utilising ideal clinical outcomes of stable 
optic disc morphology and/or visual field defect stability 
as correlates of adherence is not feasible because measure-
ment variability is high, pathological changes occur too 
slowly and these can occur despite adequate IOP lowering 
(eg that achieved surgically, without the need for adherent 
therapy). Measuring adherence has, therefore, been under-
taken utilising a variety of methods, none of which has 
proved perfect. Several studies have used uptake of med-
ication prescriptions, whereas others have used physician- 
reported or self-reported measures (eg questionnaires).47 

The most accurate method of determining adherence is 
thought to be via electronic monitoring but this method 
is not without its own disadvantages.47–51

Additional problems with adherence research relate to 
study participant inclusion criteria. Several studies 

examining interventions to improve adherence to anti- 
glaucoma medications have enrolled patients identified to 
be poorly adherent in an attempt to create the best condi-
tions to measure greater effect size.52 Selection of poorly 
adherent patients has the risk of making findings non- 
generalisable to all glaucoma patients, although it does of 
course target those most in need of support. With newly 
diagnosed glaucoma patients at the point of medication 
initiation, it remains difficult to identify those likely to be 
poorly adherent and more research is needed to help clin-
icians understand their patients better, identify those most 
likely to be poorly adherent and target support 
appropriately.

Improving Adherence to Topical 
Glaucoma Therapy
Given the high prevalence of glaucoma, visual loss sec-
ondary to the condition and the recognised suboptimal 
adherence and persistence rates in certain populations, 
strategies to improve adherence to glaucoma therapy con-
tinue to be of interest within the ophthalmological com-
munity. Approaches to the problem of non-adherence can 
be divided into technological (such as smart drop bottles 
or automated reminders), use instillation aids, improving 
communication with patient education and improving tol-
erability of eye drop formulations.

Reminders
A small number of studies have assessed the impact of 
providing regular reminders to patients. Using electronic 
monitoring of patients to measure adherence, Okele et al 
investigated the effect of telephone reminders in combina-
tion with an educational video, reminders on dosing-aid 
devices and review of individual barriers to adherence. 
Sixty-six US glaucoma patients taking a prostaglandin 
analogue, who had been recorded as taking 75% or fewer 
of their doses in the preceding 3 months, were randomised 
into a group with the intervention suite or no additional 
intervention. A significant rise in the mean number of 
taken doses, from 54% to 73%, was found in the interven-
tion group at a 3-month follow-up time-point, compared to 
no change in the control group; no corresponding fall in 
IOP was found.43 In a similar prospective cohort study, 
Boland et al reported a rise in electronically monitored 
adherence from 53% to 64% in an intervention group also 
consisting of previously non-adherent US patients. 
Patients taking a once daily topical glaucoma medication 
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were reminded to take their medication with either a text 
or voice message, with 38 patients in the intervention 
group and 32 in the control. However, in the latter study, 
the dropout rate was high in both groups, nearing 50% at 
the 3-month study follow-up visit.53

In a more recently published study from Singapore, the 
effect of a tele-reminder on patients taking three or more 
anti-glaucoma medications was assessed by Lai et al, 
using a self-reported measure of adherence (the Morisky 
adherence scale). In Lai et al's small study, 59 patients 
were randomised to one of 3 groups (a control group, 
a reference chart only group or a reference chart with tele- 
reminder group). Follow-up was only short term (6 weeks) 
and only the third group (with a reference chart and tele- 
reminder) experienced a small, but statistically significant, 
increase in adherence score, from 7.18 to 7.69 (p=0.047).54 

In conclusion, a few small studies have suggested that 
frequent reminders might increase adherence in the short 
term, although their efficacy in the longer term has not 
been assessed.

Smart Drop Bottles
As technology and patient familiarity with technology 
have developed, the potential for smart drop bottles to 
automate reminders for patients to administer medications 
and record delivered doses has grown. One group has 
recently outlined details of a smart bottle device which 
records drop administration and connects to a mobile 
phone application via Bluetooth to record the event.55 

The smart bottle device has been reported to have an 
appropriate battery life of around 3 weeks for bilateral 3 
times a day administration of topical medication, a 0% 
false positive rate and a 0% false negative rate if conse-
cutive bottle squeezes are at least two seconds apart. The 
application enables reminders to be set by the patient, as 
well as administration data to be reviewed and reminders 
to be edited by authorised care-givers. Further studies are 
required to determine if smart bottle devices can improve 
adherence and persistence in the relevant patient cohort.

Instillation Aids
With advancing age being an important risk factor for 
most forms of glaucoma, many patients suffer reducing 
manual dexterity and grip strength throughout the course 
of their disease management. Since topical ocular medica-
tions require a specific technique for successful adminis-
tration, there can be a physical barrier to adherence 
(unintentional), which a patient cannot overcome without 

aid from a carer or an instillation aid.56 One study found 
that one in five Scottish glaucoma patients prescribed 
topical medication reported difficulty in squeezing their 
eye drop bottle.57

Given the finding that patients often have physical 
difficulties with eye drop administration, there has been 
interest in the development of various instillation aids and 
a number of devices have now been available for over 30 
years.58 One of the first instillation aids to have its effec-
tiveness assessed was the Easidrop® device (Quoteforce, 
UK), which can be attached to a conventional eye drop 
bottle and placed against the orbital margins, aiming to 
keep the bottle tip away from the globe. It was reported 
that the proportion of patients who could successfully 
administer an eye drop on the first attempt rose from 
20% to 87%, although participants in the study were 
lying flat whilst administering the drops, an atypical posi-
tioning for many patients when administering their eye 
drops.57 Studies of two similar aids found no effect on 
IOP control a fortnight later in a small cohort of 32 
Brazilian patients using the Eyedrop® device (Vanguard 
Design, Brazil) and, in a much larger randomised con-
trolled trial (RCT) involving 652 Dutch patients, use of 
the Eyot® device (Alcon Laboratories, USA) over 
a 6-month period was associated with reduced patient 
satisfaction and adherence compared to use of a dosing 
aid alone.59,60 A Canadian study of a further funnel-shaped 
device, designed to sit within the margins of the orbit, also 
returned disappointing results; the device scored lower on 
a subjective usability scale than administering the drops 
without the device and 71% of the 93 participants who 
completed the study did not wish to continue using it.61

There have been attempts to develop devices that offset 
the difficulties some patients experience due to a reduction 
in grip strength or manual dexterity. The Opticare® device 
(Cameron Graham, UK) encases the drop bottle to aid 
squeezing and the Opticare Arthro® (Cameron Graham, 
UK) features extended arms to further aid squeezing of the 
bottle for patients with severe arthritis. In the delivery of 
lubricating drops in 30 patients with rheumatoid arthritis, 
the Opticare® device was found to only be “impossible” or 
“very difficult” to use in three patients compared to 
a standard bottle which 15 patients found “impossible” 
or “very difficult” to use.57,62 Another approach has been 
the development of bottle devices that deliver a single 
drop on depression of a button; the upright eye drop bottle 
studied in the US delivered one drop on depressing 
a button and was designed to be used without the need 
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for the patient to tilt their head back. The study of 40 US 
patients compared a standard bottle to the study device and 
found that patients used fewer drops with the study device, 
although there was no significant improvement in drop 
administration accuracy with the study device.63 Another 
study assessed a similar device designed specifically for 
use with a Xalatan® (latanoprost; Pfizer, USA) or 
Xalacom® (latanoprost/timolol; Pfizer, USA) bottle; the 
Xal-Ease® (Pfizer, USA) device was reported to reduce 
the need for help when administering drops and reduced 
bottle-tip contamination after 4-week follow-up.64

Whilst laudable attempts to develop eye drop adminis-
tration aid devices have taken a variety of approaches, 
there is no evidence that any specific device improves 
adherence in the administration of topical anti-glaucoma 
medications or result in improved IOP control. It has 
proven difficult to create an instillation aid that overcomes 
the reduction in dexterity and grip strength many patients 
experience, as they get older. Eye drop instillation aids are 
likely to provide a limited role in improving adherence and 
persistence for the whole glaucoma patient cohort, 
although they undoubtedly make drop administration 
easier for a subset of patients who have tried them with 
success.

Communication and Education
Many of the factors that contribute to poor adherence 
relate to patient knowledge of glaucoma, familiarity with 
treatment and broader beliefs; these are factors for which it 
is plausible that poor adherence might be ameliorated by 
improved or alternative methods of communication and 
education. The interplay between patient characteristics 
and factors relating to knowledge and education is com-
plex, which makes identifying key individual factors and 
subsequently testing interventions to improve adherence 
very difficult.27,28

Several studies have identified potential areas of focus 
for improved patient communication and education, across 
a range of cultural settings. In a study of 300 US glaucoma 
patients prescribed prostaglandin analogue monotherapy 
for newly diagnosed POAG, Friedman et al reported that 
the key aspect of patient education relating to adherence 
was ensuring awareness of the potential for future vision 
loss.65 In a qualitative (focus group and interview) study 
of 24 UK glaucoma patients treated for a minimum of 
a year, it was reported that a key motivating factor for anti- 
glaucoma therapy adherence was fear of blindness, 
together with faith in drug efficacy. The UK study 

reviewed obstacles to adherence in patients with moderate 
or severe glaucoma who had been prescribed at least two 
topical anti-glaucoma medications. Multiple obstacles to 
adherence were identified, including poor education, lack 
of motivation, forgetfulness and practical issues relating to 
eye drop administration.27 More recently, a study of 317 
Turkish glaucoma patients identified a significant differ-
ence in illness perception, such as an understanding of the 
consequences of glaucoma, between adherent and non- 
adherent groups.66

Other studies have found evidence that patient knowl-
edge of glaucoma can affect adherence. A study of 581 
Korean glaucoma patients found that knowledge of glau-
coma was the only factor associated with a patient’s self- 
evaluation of compliance (“adherence”); forgetfulness 
being identified as the main reason for non-adherence.67 

Rees et al assessed beliefs and adherence amongst white 
Americans, white Australians, African-Americans and 
Singaporeans of Chinese descent and reported higher self- 
reported adherence in the white Australian and white 
American groups. Additionally, beliefs regarding their 
glaucoma treatment were only predictive of adherence in 
the latter two groups of white Australians and white 
Americans.68 Rees et al went on to study 131 Australian 
glaucoma patients and identified 45% who reported some 
degree of non-adherence, of which 66.1% was uninten-
tional, 16.9% intentional and 16.9% a combination. Non- 
adherers were younger, less likely to have non-ocular 
health conditions and reported lower belief in the necessity 
for eye drops for glaucoma. The degree of unintentional 
non-adherence was associated with lower belief in their 
necessity and the degree of intentional non-adherence was 
associated with concerns regarding the eye drops.42

Broader factors relating to patient education have been 
raised in other adherence research. A large study of 
Taiwanese glaucoma patients assessed persistence at 
a 2-year follow-up time-point in 3134 patients; only 
24.2% had persisted with their anti-glaucoma medication. 
The authors of the Taiwanese study suggested that a good 
physician–patient relationship and patient education might 
play an important role in persistence with topical glau-
coma medication.69 A qualitative study of 33 UK glau-
coma patients explored issues relating to non-adherence 
and identified two sub-themes: treatment schedule and 
patient factors. The authors of the UK study reported that 
possible side effects, inconvenience relating to treatment 
schedule and patient factors including memory, motivation 
and belief in treatment efficacy all had a potential effect on 
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level of adherence.70 In a multi-centre, combined quanti-
tative and qualitative questionnaire-based assessment of 
145 Australian glaucoma patients, 69.7% of patients 
reported total adherence at a 2-week follow-up time- 
point. The authors of the Australian study identified 4 
factors significantly associated with non-adherence: diffi-
culty applying drops, past or current diagnosis of depres-
sion, lower self-rating of memory and lower self-rated 
motivation score. The Australian patients' understanding 
of glaucoma, ethnicity and socioeconomic status was not 
found to have a statistically significant correlation with 
adherence.71

Evidence for positive outcomes of interventions related 
to overcoming the known barriers to adherence is more 
limited. A large Dutch study published by Beckers et al, 
which utilised patient education within an RCT study of 
four intervention arms (mainly assessing the effect of an 
eye drop instillation aid), did not find that education alone 
led to improved adherence, measured by electronic 
monitoring.60 Another study evaluating the effectiveness 
of education provided within a nurse-led glaucoma mon-
itoring clinic also provided no evidence that interventions 
focusing on education alone result in improved adherence 
with anti-glaucoma therapy.72 In contrast, Okeke et al 
found that a multi-faceted approach improved adherence 
(measured by electronic monitoring) at a 3-month follow- 
up time-point compared to no intervention in a cohort of 
US patients.43 Similarly a relatively large UK-based RCT 
found that an individualised patient care package 
improved prescription collection at 12 months, as well as 
significantly reducing IOP fluctuations and changes in 
clinical management at 24 months. In the latter study, 
Grey et al utilised an individualised care plan implemented 
by a glaucoma-trained nurse, this including an assessment 
of healthcare needs and beliefs, an educational session and 
a training session on eye drop instillation.73 In another, 
similar large UK-based RCT, Cate et al studied the effect 
of a novel intervention involving the provision of glau-
coma education together with a motivational support pack-
age using behaviour change counselling.74 Cate et al 
studied patients starting monotherapy with travoprost and 
reported an unexpectedly high adherence rate for a control 
group of glaucoma patients undergoing standard care, such 
that it proved impossible to identify any improvement with 
the intervention. Of importance, however, was that the 
latter study demonstrated that provision of information, 
tailored to the individual patient, was inexpensive and 

was an intervention achieving high levels of patient 
satisfaction.

A study of 82 Swedish glaucoma patients measured 
adherence to a 3 times a day regimen of pilocarpine eye 
drops using a medication monitor. Norell reported 
a statistically significant reduction in missed doses and 
the proportion of time a dose was overdue in the interven-
tion group, who had a 30-minute education and tailoring 
programme.75 In a 2013 review article, Waterman et al 
concluded there was some evidence that patient education 
married with more complex behavioural change interven-
tions improved adherence to topical anti-glaucoma ther-
apy. However, the available studies assessed in the review 
were of variable quality and, in the majority of patients, 
follow-up duration was short (less than 6 months). 
Additionally, the review reported there was weak evidence 
that glaucoma patients on simpler treatment regimens were 
more likely to adhere and persist with their anti-glaucoma 
therapy. Waterman et al highlighted the need for longer 
follow-up periods, standardised outcome measures and 
better reporting of studies in future adherence research.76

Many barriers to adherence relating to education, com-
munication and patient beliefs have been identified but, 
despite the fact that they appear to be desirable to patients, 
there is little evidence that any interventions to target the 
known barriers result in improved adherence. The provi-
sion of an economically viable, multi-faceted and indivi-
dually tailored support package would seem a plausible 
manner by which adherence and persistence with anti- 
glaucoma therapy could be improved, given the likely 
interplay of multiple factors within each individual patient. 
However, further development and assessment of interven-
tions to improve adherence are required before clinicians 
will know the best methods to implement.

Preservative-Free Drops
A major barrier to adherence and persistence is the devel-
opment of medication side effects. Whilst most patients 
tolerate ocular hypotensive eye drops well, local sequelae 
to topical therapy can vary from minor irritation to sig-
nificant allergic or toxic responses.21,77 The use of preser-
vatives, in particular benzalkonium chloride (BAC), has 
been implicated in studies as a relatively frequent cause of 
ocular surface disease (OSD) in patients taking topical 
ocular hypotensives.77–86 Furthermore, a recent review 
confirmed that using preserved topical glaucoma medica-
tion was strongly associated with increased dry eye 
symptoms.87 A switch in therapy from a preserved to 
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a preservative-free (PF) regimen can be all that is required 
to improve tolerability and this has the potential to 
improve adherence and persistence for patients suffering 
with drop preservative-induced OSD.

In a large European survey study of 4107 patients, 
Pisella et al reported that the frequency of OSD symptoms 
related to the number of preservative-containing topical 
medications, that the preservative was responsible for poor 
tolerance and that this improved after a switch of therapy to 
PF preparations.84 Jaenen et al carried out another large 
European study of 9658 glaucoma patients investigating 
signs, rather than symptoms, of OSD and reported that the 
prevalence of adverse OSD signs (hyperaemia, superficial 
punctate keratitis, blepharitis, fluorescein-staining) was sig-
nificantly more prevalent in patients administering pre-
served, rather than PF, topical medications.88 In another 
survey study of French glaucoma patients, Nordmann et al 
reported that 62% of the patients complained of at least one 
OSD side effect and 19% of at least 4 such side effects.89 

Furthermore, Nordmann et al reported that patients dissa-
tisfied with their medications visited their healthcare provi-
der more frequently, an unwelcome effect in an era when 
many glaucoma services struggle with appointment 
backlogs.89, 90 Nordmann et al also reported that the side 
effects of burning, itching, dryness and redness were all 
associated with a reduced quality of life (QoL) score and 
the worsening QoL scores correlated with reduced adher-
ence (measured by a simple questionnaire).89 As such, the 
link between drop tolerability and patient adherence or 
persistence has become recognised by clinicians, including 
within the European Glaucoma Society guidelines.91–94 

More robust evidence and a quantification of effect relating 
to topical medication side effects and their effect on adher-
ence, however, remains somewhat lacking. Despite the lack 
of evidence that preserved topical medications have 
a significant deleterious effect on adherence with therapy, 
common sense has prevailed and a useful range of PF 
topical therapies has become available. Preservative-free 
β–blockers (timolol, betaxolol and levobunolol), a miotic 
(pilocarpine), a carbonic anhydrase inhibitor (dorzolamide) 
and an α-agonist (apraclonidine) have been available for 
many years, but it was only in 2008 that the first PF 
prostaglandin analogue, tafluprost (Saflutan®, Santen Oy, 
Finland) became available.95

Following the introduction of PF tafluprost, PF latano-
prost and PF bimatoprost have become available. 
A multitude of studies has been published comparing the 
efficacy and tolerability of the PF prostaglandin analogues 

in comparison with preserved preparations. In one large 
German multi-centre observational study involving 544 
patients, PF tafluprost was prescribed as a substitution 
for various preserved fixed or non-fixed combinations, an 
add-on to existing combination therapy or as monotherapy 
in a newly initiated strategy; after 12weeks, IOP was 
significantly reduced and there were fewer ocular adverse 
signs or symptoms.96 A meta-analysis of two phase IIIb 
clinical trials assessing 339 patients switching from pre-
served latanoprost to PF tafluprost similarly found 
a reduction in ocular signs and symptoms with unchanged 
IOP control, with 72% of the patients preferring the PF 
tafluprost compared with preserved latanoprost 12 weeks 
after the switch.97 Another multi-centre, open label study 
of PF tafluprost, conducted over a 12-week period, 
assessed 187 European patients who had been intolerant 
to preserved latanoprost or bimatoprost. When assessed at 
12 weeks after switching to PF tafluprost there was 
improved IOP control, with 75% of the participants pre-
ferring the PF formulation. Although there was no formal 
assessment of adherence and the self-reporting method 
utilised was liable to reactivity bias, 84.1% of the partici-
pants reported being “very confident” that they would 
continue to be adherent with the PF formulation. In con-
trast, for the small cohort of patients who continued to 
have OSD symptoms with the PF tafluprost, only 30.6% 
reported being “very confident” that they would continue 
with good adherence, potentially confirming the significant 
effect that OSD can have on adherence.98

One specific PF latanoprost (Monopost®, Thea 
Pharmaceuticals, UK) utilises a novel component (pro-
triaxin) as a drug stability agent; the resulting solution 
being isotonic, with a neutral pH, reducing the risk of the 
product causing stinging upon instillation, compared with 
many other topical ocular hypotensives. A large study of 
1541 European (mainly Spanish) patients taking 
Monopost® (PF latanoprost) found an increase in patient 
satisfaction with the novel PF formulation and the authors 
reported that the improved tolerability profile would be 
expected to improve adherence, although no assessment of 
adherence was actually carried out.99

A third widely available PF prostaglandin analogue is 
bimatoprost 0.03% (Lumigan®; Allergan, Ireland or 
Eyreida®; Aspire Pharma, UK). In a large, multi-centre, 
open-label, observational study, 1830 German patients 
with ocular hypertension or POAG were assessed follow-
ing a switch from a variety of PF or preserved anti- 
glaucoma medications to PF bimatoprost. The majority 
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of participants warranted a switch in therapy due to inade-
quate IOP control and the majority of participants were 
administering PF topical ocular hypotensives prior to the 
study switch. The switch to PF bimatoprost was associated 
with improved IOP control and, methodology bias aside, 
physician-reported treatment compliance (“adherence”) 
was stated to be better than (48.7%) or equal to (43.6%) 
that of prior treatment; most patients (82%) were reported 
as “expected to continue” administering PF bimatoprost 
after the study period.100

Many published studies of PF ocular hypotensives have 
found that PF formulations are non-inferior to their pre-
served counterpart with respect to their IOP-lowering effect 
and invariably associated with less adverse signs and symp-
toms of OSD. In some studies, where attempts to assess 
adherence have been reported, both physician-reported and 
patient-reported adherence rates have improved when 
patients have been switched to PF formulations. However, 
there is a lack of long-term, quantitative data relating to the 
effect that the use of PF topical medications has on adher-
ence and persistence. Given the proven improved tolerability 
of PF formulations in the treatment of glaucoma, further 
adherence research in this area is warranted.

Changing Topical Medication Delivery 
Mechanisms
Adherence to topical anti-glaucoma medications is likely 
to be better with simple therapeutic regimens, less frequent 
administration schedules and improved administration 
logistics and/or techniques.

Bottles vs Single Dose Units (SDUs)
The majority of topical ocular hypotensive medications are 
produced to be administered from either a bottle or 
a single dose unit (SDU). Although it has been suggested 
that patients might find administration of drops from SDUs 
more difficult than from conventional eye drop bottles, this 
was not confirmed in a comparative study involving 41 
elderly Finnish patients; indeed, the authors reported that 
the patients, if anything, found the SDUs easier to use.101 

Fortunately, the vast majority of currently prescribed topi-
cal anti-glaucoma medications are now available in either 
bottled or SDU formulations, even when PF, allowing 
patients an element of choice.

Gel or Spray Formulations
Preservative-free timolol 0.1% is available as a gel formula-
tion (Nyogel®; Novartis, Switzerland), which is considered 

by some to be easier to administer than less viscous eye 
drops. Furthermore, the longer action of the gel formulation 
means that it is efficacious with only once daily dosing.102 

The potential advantages of a gel formulation have been 
discussed by Negri et al following a review of 7 studies; 
the authors determined that the gel formulation had similar 
IOP-lowering efficacy to β-blocker solutions of higher con-
centrations, but was associated with improved QoL due to 
reduced symptoms of OSD. Although no assessment of 
adherence was reported, the authors commented that the 
once daily administration should improve adherence com-
pared to the usual twice daily regimen recommended for 
other β-blocker formulations.103

Products delivering topical ocular therapy as 
a liposomal spray have been utilised for the administration 
of lubricant formulations and could provide an easier 
mechanism for self-delivery of medication in certain 
groups.56,104 However, research in this area with regard 
to glaucoma medications has been limited and currently 
there is no available ocular hypotensive in spray 
form.105,106

Potential Methods for the Future
Long-acting drug delivery systems have the potential to 
provide a more consistent level of IOP control, but by 
requiring less frequent administration also offer the 
opportunity to improve adherence and persistence with 
therapy. One group has described a hybrid dendrimer 
hydrogel/poly(lactic-co-glycolic acid) nanoparticle plat-
form to deliver longer-acting topical ocular hypotensive 
therapy; however, the system remains experimental at 
present.107 Even longer-term delivery systems may hold 
some promise for improving adherence and avoiding 
traditional topical administration. For example, 
a sustained-release drug delivery system containing bima-
toprost is currently undergoing investigation; an implant, 
administered intracamerally, involves a solid biodegrad-
able polymer drug delivery system for slow, sustained 
drug release over a 4–6-month period.108 Furthermore, 
the concept of using drug-eluting contact lenses to treat 
glaucoma and other ophthalmic conditions has been intro-
duced and several groups are currently investigating the 
potential for this, at least for a subset of patients with 
glaucoma.109

Conclusions
Since barriers to adherence and persistence are multi- 
faceted and highly variable between individuals, 
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approaches to improve both adherence and persistence 
need to be multi-faceted and individually tailored. Key 
aspects, however, include schedule simplicity, ease of 
administration, minimisation of side effects and promotion 
of self-efficacy. It is important that prescribing ophthal-
mologists consider all known factors that can adversely 
reduce adherence given the known low levels of adherence 
and persistence with topical glaucoma medications.

There is evidence that the simpler the treatment regi-
men, the more likely patients are to be adherent. 
Additionally, given that age is a risk factor for many 
forms of glaucoma, it is likely that many patients will 
have other medications to remember to take and poten-
tially have memory issues. Despite age-related co- 
morbidities, there is no convincing evidence that older 
patients are less likely to be adherent to their anti- 
glaucoma medication than younger patients.21 The tech-
nology to provide reminders is now available and in small 
studies has been shown to be effective in the short term. 
Further assessment of such interventions in the longer term 
is needed, but use of automated reminders almost certainly 
has the potential to improve adherence.

The challenges of facilitating eye drop administration 
in patients with reduced grip-strength and manual dexter-
ity remain. Several devices have been trialled over the past 
three decades, although none has proven effective enough 
to be recommended for widespread usage. The trial data 
for such devices has failed to demonstrate that their use is 
associated with long-term improvement in adherence. For 
those patients who cannot self-administer topical medica-
tion and do not have access to carer support, alternative 
treatments such as selective laser trabeculoplasty or the 
potential sustained-release drug delivery systems of the 
future may prove more appropriate.

There has been a significant improvement in the range of 
PF topical glaucoma medications and these have been 
shown to be as effective at lowering IOP with a better side 
effect profile than their preserved counterparts. The role of 
preserved glaucoma eye drops in the aetiology of OSD has 
been recognised, highlighting the importance of prescribing 
PF alternatives. Given that the development of side effects is 
a significant factor in reducing tolerability (and hence adher-
ence), the PF formulations have offered a useful alternative 
to aid improving both adherence and persistence. Dependent 
on cost and availability, preservative-free topical therapies 
are likely to continue to provide an increasing role in the 
medical management of glaucoma.

The promotion of self-efficacy in glaucoma patients 
could well be considered the most significant aspect for 
improving adherence and persistence, but perhaps the hard-
est to achieve. A range of factors related to reduced adher-
ence with anti-glaucoma therapy has been identified. Limited 
evidence has suggested that a multi-faceted approach can 
improve adherence in the short and long term and improve 
IOP control. Confirming the efficacy of individual interven-
tions is difficult, and further study is required in this area, 
both of individual interventions and personalised care plans.

A major problem persists regarding how best adher-
ence can be measured since collecting data for condi-
tions that are chronic, slowly progressive and require 
long-term follow-up is difficult. Although the use of 
multiple adherence measures might maximise precision, 
the effect that multiple measures have on participant 
behaviour and their potential reactivity effects might 
result in erroneous assessments.47 Until an accurate and 
reliable method of measuring adherence is established, 
sub-standard research findings are all that can be utilised 
to guide clinicians help their patients. The ultimate goal 
will be determining if improved adherence has an effect 
on clinically relevant outcome measures, such as long- 
term IOP control and visual field progression; future 
studies would be of greatest value if they can show 
such changes over a prolonged period of follow-up.

Given the projected increase in global prevalence of 
glaucoma, striving for an improvement of adherence and 
persistence to anti-glaucoma therapy should remain of key 
interest to the ophthalmic community.
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