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Abstract

Purpose To estimate patient adherence with
glaucoma therapy and identify factors
associated with adherence using computerised
patient prescribing records.
Methods Identification of patients diagnosed
with glaucoma, ocular hypertension or
suspect glaucoma and/or prescribed topical
glaucoma medications registered at a United
Kingdom general practice with 13 422
patients. Adherence was defined as the
average difference in the actual number of
prescriptions collected annually compared to
twelve prescriptions required annually (one
bottle per month) over the duration of
treatment.
Results Overall, 278 patients were identified
of which 139 (50%) were male. The average
age was 72 years (range: 22–100). A total of
206 patients (74%) were prescribed glaucoma
treatment. Adherence varied significantly
between age groups with younger patients
demonstrating poorest adherence (P= 0.0347).
There was no statistical difference when
comparing medication class, diagnosis,
co-morbidities, or the number of drops
being taken.
Conclusions Glaucoma treatment adherence
improves with increasing age. Older patients
require more prescriptions and may be
experiencing drop wastage. Younger patients
should be targeted with educational
interventions to improve their understanding
of glaucoma, and older patients for drop
technique review. General practices are well
placed to provide such interventions.
Eye (2016) 30, 1118–1122; doi:10.1038/eye.2016.103;
published online 3 June 2016

Introduction

Glaucoma is one of the leading causes of
blindness globally.1 In 2010, the World Health
Organisation (WHO) estimated that 39 million

people in the world were blind, of which 8%
were due to glaucoma. Approximately 2% of
people over the age of 40 suffer with chronic
open angle glaucoma (COAG) with up to 10%
of white Europeans over 75 years being affected.
Currently, this equates to ~ 480 000 people being
affected with COAG in England accounting for
over 1 million hospital eye service visits
annually, a figure likely to rise with an aging
population. In the United Kingdom (UK) 10%
of blindness registrations are as a result of
glaucoma.2

Treatment of ocular hypertension (OHT) and
glaucoma prevents visual loss and centres
around reduction in intraocular pressure (IOP)
either medically and/or surgically.3 Medical
treatment of glaucoma using eye drops is the
most common form of initial treatment and
requires good adherence.4 Adherence is defined
as the degree to which a patient uses medication
as prescribed and persistence as the time interval
between initiating and discontinuing a
medication. Glaucoma is a chronic
asymptomatic condition, usually requiring
lifelong treatment and follow-up; adherence and
persistence with glaucoma medications has been
shown to be poor.5,6 This can be due to a number
of factors, which include potential or perceived
side effects of medications,7 lack of information
about glaucoma, patient beliefs,8 treatment
regime,9 and socio-demographic
characteristics.10,11 Non-adherence to glaucoma
medications can lead to avoidable visual loss.12

With an aging population placing an
increased burden on hospital eye services,
distribution of resources and management of
conditions in primary care is becoming
increasingly important. Ophthalmologists can
have difficulty in accurately determining patient
adherence with glaucoma treatment during
short clinic visits. General practitioners are
uniquely positioned to identify poorly compliant
patients as they provide repeat prescriptions for
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medications. Electronic medication monitoring via issued
repeat prescriptions offers an objective method of
measuring adherence without reliance on patient
self-reporting.13 GPs are well placed to identify those who
have poor glaucoma treatment adherence, providing an
opportunity for any issues such as difficulty in
administering eye drops or inability to request repeat
prescriptions due to time constraints in younger patients,
to be addressed in the primary care setting. This study
looks at glaucoma treatment adherence at a UK general
practice (GP).

Material and methods

This study was conducted at a GP surgery in the UK with
13 422 registered patients. Prospective approval from
the clinical governance team of the local Clinical
Commissioning Group was gained and the study was
registered as an audit within the GP surgery. The General
Practice was chosen as it falls within the secondary care
catchment area and is representative of others within the
local area. Primary, secondary and tertiary healthcare
services are provided free at the point of delivery
(through the National Health Service (NHS)) in the UK,
but access is generally coordinated in the primary care
setting by the patient’s General Practitioner, particularly
for secondary care services. GPs are therefore notified of
planned or emergency healthcare utilisation outside of
primary care (eg, hospital admissions, emergency
department or out-patient attendances) and together with
the primary care consultations, information is held on
medical diagnoses, general health information, and
prescriptions.
This information is recorded in the electronic medical

record (EMR) of each patient and entries are made either
by the GP or by an allied professional in the general
practice using READ codes that are based on the
International Classification of Diseases version 10
(ICD-10).
Computerised patient records identified subjects using

glaucoma-related READ codes recorded in the patient’s
healthcare record at any point, while they were registered
at the practice. In addition, to identify any patients who
may not have had a glaucoma-related diagnosis READ
code entered, all patients who were prescribed any ocular
hypotensive eye drops were also included. The British
National Formulary was used to populate a list for ocular
hypotensive drugs by both generic and brand names.14

Data collection was performed over two consecutive
days. All patients who were registered at the GP practice
and were previously prescribed any ocular hypotensive
eye drops or had a glaucoma-related READ code within
their EMR were identified. Relevant details from their
entire patient record were subsequently reviewed.

Adherence was defined as the average difference in
the actual number of prescriptions collected annually
compared to 12 prescriptions required annually over the
duration of treatment. This was calculated as an average
per patient per drug.
We also assessed patient risk factors for poor adherence

available in the GP held patient record, which included
age, diagnosis (glaucoma, suspect glaucoma or OHT),
co-morbidities, the number of different glaucoma eye
drops prescribed, and class of prescribed topical ocular
hypotensive medications. Owing to the small sample size,
we grouped patients into age classes for the purposes of
analysis of adherence. There is no significance in the
choice of age classes selected.
All statistical analysis was performed using GraphPad

InStat version 3.05 for Windows 95 (GraphPad Software,
San Diego, CA, USA). Data was analysed using the
Kruskal–Wallis test with post-test and the Mann–Whitney
test as appropriate. Non-parametric statistical tests were
used as data did not pass normality testing. A P-value
o0.05 was considered statistically significant.

Results

A total of 278 patients were identified having either a
READ code related to glaucoma or as being previously
prescribed topical IOP lowering eye drops. A total of 139
patients (50%) were male and the average age was 72
years (range: 22–100). Of these, 206 patients (74%) were
prescribed glaucoma treatment and were analysed further
(see Table 1).
Adherence varied significantly between age groups

(H= 10.364, 4 df, P= 0.0347) (Figure 1). Patients up to
the age of 59 years collected on average 2.3 fewer
prescriptions per year and those aged 90–99 years
collected on average 1.3 more prescriptions per year than
the 12 required. Overall, patients collected on average
12.4 prescriptions per year.
The overall calculated adherence rate of all patients

based on 12 prescriptions being required per year was
100%. However, this was lower in the younger age group
(20–59) at 62% and higher in the older age group (90–99)
at 111%. Overall, over half (51.6%) of patients
demonstrated poor adherence (defined as o100%).
There was no statistically significant difference in

adherence between different medication classes
(H= 7.268, 3 df, P= 0.0638) (Figure 2). Equally, there was
no statistical difference when comparing diagnoses
(H= 1.974, 2 df, P= 0.3726, glaucoma, suspect glaucoma,
or OHT), co-morbidities (H= 0.4108, 2 df, P= 0.8449),
or the number of drops being taken (H= 0.6490, 2 df,
P= 0.7229).
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Discussion

Using routinely collected data from a UK GP, this study
showed that overall, adherence with treatment for
glaucoma is poor. This is in keeping with other studies
from both within and outside of the UK.8,15,16

Glaucoma treatment adherence varied significantly
with age. A systematic review by Olthoff et al17 did not
identify a relationship between age and non-compliance.
However, they acknowledged that this could just
represent a lack of reporting of this relationship. They
commented that it was unclear in some studies that did
not report a relationship whether there was none, or that
it was just not reported. Younger age groups were found
to be less compliant. This could be due to a more active
family lifestyle causing forgetfulness to use eye drops or
working patterns leading to longer periods of time away
from home. There could be a lack of patient education on
the importance of taking their treatment, with younger
patients considering glaucoma to be an ‘older persons’
disease. In addition, time constraints may not allow
patients to request repeat prescriptions during working

hours. Interventions directed at helping patients
understand the importance of medication adherence
in preventing sight loss may be of benefit.
Patients from older age groups, particularly those

over 90 years, seemed to collect more prescriptions than
should be required. Difficulty in instilling the medication
leading to drop wastage in this group as a result of
physical challenges4,18,19 may account for the increased
number of prescriptions, as patients would run out of
medications before the expected refill date; we did not
find a statistically significant correlation between physical
comorbidity as recorded in the patient’s EMR with lack
of adherence. These patients may benefit from
demonstration of correct eye drop technique with
or without the use of adjuncts to help with medication
delivery.
Good medication adherence is challenging in chronic

conditions, adversely affecting patient health, and in turn,
costing the NHS. Defining the extent of the problem and
helping to improve adherence is important given
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Figure 1 Adherence by age group. Adherence calculated as the
average difference in number of prescriptions collected per year
over the duration of treatment (assuming one prescription
required per month). Error bars represent standard error of
the mean.

Table 1 Patient information by age range

Age range Numbera Medication classb Adherence (%)c

PGA (%) CAI (%) AA (%) BB (%)

20–59 19 36.8 23.7 10.5 30 62
60–69 53 44.3 15 5.3 35.4 100
70–79 70 54.7 14.9 4.9 25.5 100
80–89 52 52.6 18.8 6.8 21.8 103
90–99 12 52.8 22.2 11.1 13.9 111

aNumber of patients within that age range.
bPercentage of patients within that age range who have been prescribed that medication class (PGA, prostaglandin analogues; CAI, carbonic anhydrase
inhibitors; AA, alpha-adrenergic agonists; BB, beta blockers).
cOverall adherence rate for that age range calculated on the assumption that 12 prescriptions are required per year.
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Figure 2 Adherence by medication class (PGA, prostaglandin
analogues; CAI, carbonic anhydrase inhibitors; AA, alpha-
adrenergic agonists; BB, beta blockers). Adherence calculated as
the average difference in number of prescriptions collected per
year over the duration of treatment (assuming one prescription
required per month). Error bars represent standard error
of the mean.
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prevalence of glaucoma not only in the UK, but
worldwide. The effect of glaucoma on the NHS is
considerable; with around 1 million hospital eye service
visits annually.2

Glaucoma medication adherence can vary with the type
of medication prescribed. Previous studies have shown
patient adherence to be better with prostaglandin
analogues compared with other medication classes.13

Due to our relatively small sample size, it is possible
that a true difference in adherence with prostaglandin
analogues was not detected in this study.
Chronic diseases such as diabetes have been associated

with reduced medication adherence due to problems in
lifestyle adjustment in order to incorporate the use of
additional medications into their regime.20 We did not
identify any correlation between presence of such chronic
conditions and adherence; however this may be due to
our smaller patient numbers.
It can be difficult for ophthalmologists to accurately

determine patient adherence with glaucoma treatment.21

Self reported estimates of adherence are also unreliable
with patients tending to overestimate their adherence
rates.13,22 A study undertaken by Kass et al21 showed the
30-day patient recorded adherence rate in a medication
log to be 99%, significantly higher than the rate of 76%
measured by an eye drop monitor. Furthermore,
physicians were unable to accurately identify, which
patients had adherence rates of o50% compared to
490%. Our study was conducted using prescriptions
issued as a proxy to measure adherence rates with
glaucoma treatment. Advantages of this method are the
ability to include large numbers of patients and the
facility for results to be analysed by drug class. However,
this method does not allow for recognition of the reasons
for any differences in adherence. While assessing whether
all prescriptions issued were filled at pharmacies or
medications retrieved would have provided useful
information on the validity of our method of measuring
adherence, we felt that this method was better than
patient self-reporting.
Approaches to improve patient adherence with

glaucoma medications outlined by Osterberg and
Blaschke include patient education and motivation
through highlighting the importance of adherence,
providing literature to take away reinforcing
information provided at the time of the clinic visit,
and reviewing medication regime at each regular,
follow-up visit.6 In addition, discussions about
medication adherence at each clinic visit, especially if
the patient is from a group most likely to default with
medications or have a tendency for wastage were found
to be most useful. Checking and demonstrating eye
drop technique and prescribing adherence aids, if
necessary, is of paramount importance. Providing easy

to read written instructions of treatment intervals and
timing and helping patients to integrate medication
regimens into their lifestyles is also suggested.23

Most GP surgeries currently use EMR, which allows
poor and non-adherence (a delay in collecting a
prescription from the GP when it would otherwise be
due) to be highlighted on the patient’s health records
when reviewing the patient’s prescription record. This
information is relatively easy to access when reviewing
a patient’s health record. Identification of patients
within a practice with poor adherence to glaucoma
medications is possible through EMR on an individual
patient basis, and would require more time to carry out
a search to identify all practice patients. However,
patients of a particular age group with poor glaucoma
medication adherence can be easily identified and
targeted with specific educational interventions to
improve adherence in order to minimise visual loss.
GPs are therefore in a unique position to identify
patients with poor adherence to glaucoma medications.
Patient education groups and individualised
educational interventions in a face-to-face setting or
over the telephone have been shown to improve patient
understanding of the condition and medication
adherence.24 A Cochrane review by Waterman et al25

showed that there was some evidence that patient
education combined with personalised interventions
improved adherence and simplified drug regimes could
be of benefit, however, there was insufficient evidence
to recommend a specific intervention. Limitations to
our study consists of not including the length of time
patients had been on glaucoma medication to ascertain
if there was any correlations between the length of
time and adherence, as shown in a previous study
by Vanelli et al.26

Our study demonstrates that younger patients tended
to have the worse adherence of all age groups; it is
imperative that this group of patients are targeted for
educational interventions as it is important they
understand the importance of regular use of medications
to prevent visual loss in their expected lifespan. Older
patients (490 years) also need educational intervention
to improve their drop instillation technique and to
provide help with adherence aids. GPs are well placed
to identify such patients to allow interventions targeted at
improving adherence to be applied in the primary care
setting, potentially minimising unnecessary visits to the
hospital eye service. Further research into the clinical
impact of non-adherence and interventions to improve
glaucoma medication adherence, which can be delivered
in a primary care setting is needed.
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Summary

What was known before
K Distribution of resources and management of conditions

in primary care is becoming increasingly important.
K It can be difficult for ophthalmologists to accurately

determine patient adherence with glaucoma treatment.
K Self-reported estimates of adherence are unreliable with

patients tending to overestimate their adherence rates.

What this study adds
K Patients poorly compliant with glaucoma treatments can

be identified by the data that are routinely collected by
general practices.

K Our results show that younger patients tended to have the
worst adherence of all age groups; it is imperative that
this group of patients are targeted for educational
interventions as it is important to prevent visual loss in
their expected lifespan.

K Suggestions include providing educational interventions
in the primary care setting by GPs and other healthcare
professionals (such as nurses or optometrists) in order to
improve adherence.
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