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ABSTRACT

Objective To investigate whether electronically
measured medication adherence is associated with vision-
related quality of life (VRQoL) in patients with open-angle
glaucoma.

Methods and analysis This is a 3-year prospective
cohort study of 79 subjects with open-angle glaucoma at
a Veterans Affairs medical centre. Participants returned

a medication event monitoring system (MEMS) for their
glaucoma eye-drops and had at least two visits with
glaucoma during the study period. Those taking less than
80% of prescribed glaucoma medication doses were
considered to be non-adherent. Subjects were interviewed
using the National Eye Institute’s Visual Function
Questionnaire-25 (VFQ-25) at baseline and after 3years.
Results Thirty per cent (n=24/79) of participants took
less than 80% of prescribed doses of their glaucoma
medications at baseline. Patients who did not adhere to
their medications at baseline had lower mean composite
VFQ-25 scores at baseline (70.66+20.50vs 75.91+19.12,
standardised mean difference=0.27) and after 3years
(71.68+21.93 vs 76.25+21.67, standardised mean
difference=0.21). Visual acuity (P=0.03), but not visual
field severity (P=0.13) or medication adherence (P=0.30),
was significantly associated with composite VFQ-25 score
in an adjusted model.

Conclusions Subjects who were non-adherent to their
glaucoma medications at baseline as assessed by a MEMS
device reported lower VRQoL than adherent subjects at
baseline and after 3 years. However, visual acuity was
significantly associated with VRQoL. Future studies should
assess whether improved adherence to eye-drops impacts
VRQoL in patients with glaucoma.

INTRODUCTION
Glaucoma is the leading cause of irreversible
blindness worldwide,' making it a significant
public health issue. Reduction in intraocular
pressure through topical eye-drops has been
shown to prevent vision loss from glaucoma.”
Nevertheless, numerous studies have shown
that patients with glaucoma frequently do not
take their eye-drops as prescribed.” *

Reasons for poor medication adherence
are multifactorial. Low health literacy’ and

Key messages

What is already known about this subject?

» Patient self-reported non-adherence to glaucoma
eye-drops has been associated with worse vision-
related quality of life (VRQoL) in cross-sectional
studies.

What are the new findings?

» We found that electronically measured poor
adherence to glaucoma drops was associated with
lower scores on the National Eye Institute’s Visual
Function Questionnaire-25 both at baseline and
at 3years, but that visual acuity and visual field
severity were more significant drivers of VRQoL.

How might these results change the focus of

research or clinical practice?

» Future studies should assess whether improving
adherence to eye-drops impacts VRQoL in patients
with glaucoma.

poor understanding that glaucoma can
lead to blindness may impact adherence
to medical therapy.” Patients whose glau-
comais undertreated are more likely to suffer
visually significant field loss.” More severe
visual field defects due to glaucoma are asso-
ciated with lower vision-related quality of life
(VRQoL) scores and a decrease in quality
of life over time.” ® VRQoL is an important
patient-centred metric that complements
traditional clinical assessments of glaucoma-
tous damage, such as automated perimetry
and optical coherence tomography.” '’ In
two cross-sectional studies, patients who
self-reported poor adherence to glaucoma
medications or difficulty self-administering
eye-drops were more likely to have lower
VRQoL scores."' '* However, these studies
relied on subjective measures of medica-
tion adherence rather than more objective
measures like electronic monitoring, and
only evaluated a single time-point.'" ¥ We
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hypothesised that patients who are non-adherent to
their glaucoma regimen as measured by a medication
event monitoring system (MEMS) would have lower
VRQoL scores at baseline, and that this relationship
would persist at 3years.

METHODS

We conducted a prospective cohort study of partici-
pants with open-angle glaucoma (OAG) at the Durham
Veterans Affairs Medical Center Eye Clinic.

Patient charts were reviewed for the following inclu-
sion criteria: (1) age =18years, (2) diagnosis of OAG
(primary OAG, pigment dispersion, pseudoexfoliation,
combined mechanism, low-tension glaucoma), (3)
treatment with glaucoma eye-drops and (4) Humphrey
visual fields (HVF) performed within the prior 9months.
Patients were excluded if they had any condition that
would impact the frequency of prescribed drops, such
as active uveitis, ocular infection and/or intraocular
surgery in the preceding 3months or anticipated in
the next 3months. To ensure completion of vision-de-
pendent tasks in the study, patients with best corrected
Snellen visual acuity worse than 20/70 in the better-
seeing eye were excluded. Potential participants were
sent a letter explaining the nature of the study and
offering the patient the ability to opt out of further
study-related contact by calling the study coordinator.
On the day of their appointment, the study coordi-
nator took the potential subject to a private room in the
clinic for informed consent and data collection while
the patient was waiting for their regularly scheduled
appointment. Baseline Mini-Mental Status Exam was
performed and patients with scores <18were excluded
from ultimate enrolment in the study since significant
cognitive dysfunction could confound the assessment of
medication adherence."”

Subjects were given a MEMS (MEMS 6
SmartCap; Aardex, Union City, California, USA). This
device has been used in more than 300 studies of oral
medications and more recently in ophthalmic studies.”*
If the patient had been prescribed more than one glau-
coma eye-drop, then the study coordinator placed into
the MEMS device whichever eye-drop bottle had the
most frequent number of doses prescribed per day.
Participants needed to return their MEMS to the study
team after 3months of use and have at least two visits
with someone from the division of glaucoma within
the 3-year study period in order to be included in anal-
yses. Adherence data were downloaded from the MEMS
device and analysed using PowerView software. All data
were collected at the eye level, but medication adherence
data were summarised at the subject level if both eyes
were enrolled. Subjects were categorised as having good
adherence if they took >80% of prescribed doses of glau-
coma drops, a common metric in the literature.”” '* We
have previously shown that self-reported adherence with
glaucoma drops is associated with taking at least 80% of
prescribed doses using electronic medication monitors.'”

Table 1 American Academy of Ophthalmology
Glaucoma Preferred Practice Guidelines

Visual field severity

Mild Normal visual field

Moderate Visual field abnormalities in one
hemifield that are not within 5 degrees
of fixation

Visual field abnormalities in both
hemifields and/or loss within

5 degrees of fixation in at least one
hemifield

Inability of patient to perform visual
field testing, unreliable/uninterpretable
visual field test results

Severe

Indeterminate

Description of variables

Demographic and clinical data were collected at the time
of study enrolment. Baseline HVFs were scored by a single
reviewer (KWM) blinded to the patient’s medical history,
based on the American Academy of Ophthalmology
Glaucoma Preferred Practice Guidelines (table 1).'

HVFs with >33% false-positives, false-negatives and fixa-
tion losses were considered unreliable. Any HVF that met
the reliability criteria but whose pattern was non-glauco-
matous (eg, cloverleaf pattern or lens rim artefact) was
categorised as ‘indeterminate’. The person-level severity
was defined as the severity of the worse eye.

The best corrected Snellen visual acuity of each eye was
also collected, and a dichotomous variable was created
at the patient level for acuity 220/50 or <20/50 in either
eye.

The Rapid Estimate of Adult Literacy in Medicine
(REALM), a 2-3minute word-recognition test, was
administered at baseline to identify patients with limited
reading skills and to estimate patient reading levels."’ The
sum score ranges from 0 to 66 and counts the number of
words pronounced correctly by the patient. The score was
dichotomised into high literacy level (=61and roughly
equivalent to a high school reading level) and low literacy
level (<60).

To assess VRQoL, subjects were interviewed in person
at baseline using the National Eye Institute’s Visual Func-
tion Questionnaire-25 (VFQ-25).”" This instrument is
designed to measure various aspects of self-reported
vision-targeted health statuses that are most important
for people with chronic eye diseases, and has been vali-
dated in patients with glaucoma.”’ The overall composite
score is the mean of 11 of the subscales, excluding general
health. At the end of the 3-year study period, subjects
were recontacted by telephone to repeat the VFQ-25.
Subjects’ charts were also reviewed to determine whether
they had any intensification in their treatment, including
increased medication use, laser therapy or surgery, or any
progression on their HVF.

Statistical analysis was completed with SAS V.9.4.
Descriptive statistics and plots were used to describe
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demographics and VFQ-25 scores by adherence status.
In particular, the standardised mean differences (SMD)
were used to quantify how patients who were adherent
or non-adherent differed on the VFQ-25 at baseline
and after 3years. The SMD is the difference of sample
means for two variables divided by the square root of the
summed sample variances divided by 2. Unlike P values,
this quantity indicates standardised differences regardless
of sample size and is often used to quantify differences
between non-randomised groups. Interpreting the
results of SMD in a clinical setting may be more useful
than P values alone for this study as they indicate both
the magnitude and direction of the change in the two
groups. In the literature, an SMD greater than or equal
to 0.1 is considered a meaningful difference between two
groups.” Finally, unadjusted and adjusted generalised
linear model regression was performed to evaluate the
association between the composite VFQ-25 and adher-
ence. Only covariates that were potential confounders
because they reached a P value <0.10and/or had an
effect size >0.10 in univariate analysis were included in
the adjusted model. In order to allow comparison of the
strength of the association between each of the covariates
and the composite VFQ-25 score, effect sizes were also
calculated by dividing the point estimate by the SD.

RESULTS

A total of 83 subjects were recruited and 95.18%
(n=79/83) returned the MEMS device after 3 months.
The four subjects who did not return their MEMS device
had the following characteristics: gender (4 male), race
(3 non-Hispanic white, 1 black or African-American)
and age (52, 62, 71 and 7byears). Participants who
returned the MEMS device took an average of 79.74%
(SD 25.35) of prescribed glaucoma medication doses.

Thirty per cent (n=24/79) of the participants took less
than 80% of prescribed doses of their glaucoma medica-
tions. A majority of subjects saw 20,/20-20/30 in at least
one eye (94.94%, n=75/79). Clinical and demographic
variables are presented stratified by adherence group in
table 2.

A scatterplot of the VFQ-25 composite score against
the per cent medication adherence showed a cluster
above the 80% cutoff for adherence (online supple-
mentary figure 1). Boxplots demonstrated that the
VFQ-25 composite score was greater for those taking
280% versus <80% of prescribed doses (online supple-
mentary figure 2). Non-adherent subjects had lower
baseline mean composite VFQ-25 scores (70.66+20.50 vs
75.91+19.12, SMD=0.27). Non-adherent subjects also had
lower VFQ-25 subscale scores, with SMD of greater than
0.1 in all subscales except for driving and colour vision
(table 3).

Subjects were asked about their use of eye-drops. Medi-
cation adherence 2=80% using the MEMS device was
significantly associated with answering ‘very confident’
to the question ‘How confident are you that you can
carry out the following task—always remembering to use
your glaucoma medications’ (P=0.01), and was also asso-
ciated with answering ‘No’ to the question ‘In the past
fourweeks, did you ever forget to take your medicine?’
(P=0.08).

Subjects with good adherence had approximately a
five-unit increase in composite VFQ-25 score compared
to those with poor adherence, in both unadjusted and
adjusted models, although this relationship was under-
powered to reach statistical significance (table 4). The
effect size for good adherence was approximately half
as large as the effect size for better visual acuity (0.27 vs
0.68), and two-thirds as large as the effect size for mild

Table 2 Baseline demographic and clinical variables by medication adherence*

Variable >80% adherence <80% adherence  Total P valuet
Male, n (%) 53 (96.36) 21 (87.50) 74 (93.67) 0.16
White, n (%) 24 (43.64) 6 (25.00) 30 (37.97) 0.14
Visual fieldt baseline severity: uninterpretable, n (%) 5 (9.80) 4 (18.18) 9 (12.33) 0.69
Visual field baseline severity: severe, n (%) 16 (31.37) 5 (22.73) 21 (28.77)

Visual field baseline severity: moderate, n (%) 14 (27.45) 5(22.73) 19 (26.03)

Visual field baseline severity: mild, n (%) 16 (31.37) 8 (36.36) 24 (32.88)

Baseline visual acuity >20/50 in either eye, n (%) 14 (25.45) 6 (25.00) 20 (25.32) 1.0
Subject age, mean (SD) 67.78 (8.79) 63.96 (10.10) 66.62 (9.31) 0.11
Number of medications, mean (SD) 2.37 (1.15) 1.92 (1.14) 2.23 (1.16) 0.10
Number of days monitored, mean (SD) 176.5 (44.37) 212.7 (93.13) 187.5 (64.81) 0.33
REALM score§,mean (SD) 60.98 (6.56) 57.73 (13.68) 60.03 (9.25) 0.50

There was one subject missing medication data and four subjects missing REALM data.
*>80% of prescribed doses taken according to electronic monitor; <80% of prescribed doses taken according to medication monitor.

+P value from ¥ for categorical variables and t-test for continuous v

FVisual fields with >33% fixation losses, false-positives or false-negatives and/or with artefact such as a cloverleaf pattern or rim defect were

labelled uninterpretable.

§REALM, Rapid Estimate of Adult Literacy in Medicine, ranges 0-66, >60is equivalent to ninth-grade reading level or above.

ariables.
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Subscale >80% adherence <80% adherence Total Standardised difference

Peripheral vision 71.36 (26.10) 65.63 (25.34) 69.62 (25.84) 0.22

Colour vision 83.65 (23.68) 81.52 (28.42) 83.00 (25.05) 0.08

Near activities 73.41 (22.57) 64.06 (25.29) 70.57 (23.67) 0.39

Social functioning 86.59 (19.22) 80.21 (26.04) 84.65 (21.55) 0.28

Role difficulties 72.95 (27.93) 69.79 (31.48) 71.99 (28.88) 0.11

Driving 64.71 (34.43) 62.50 (31.93) 64.08 (33.54) 0.07

versus moderate or severe visual field severity (0.27 vs
0.45) in unadjusted analysis, and this effect size remained
similar after controlling for visual acuity and visual field

VFQ-25 scores at both time-points. When evaluating
subjects who completed the study, subjects with good
baseline adherence showed an increase, while those

severity in multivariate analysis. Only visual acuity was
significantly associated with composite VFQ-25 in the  the ocular pain, peripheral vision, general vision and
unadjusted and adjusted models, independent of visual
field or medication adherence (table 4). Age, gender,
race and REALM score had neither a large effect size
(<0.10) nor a potentially significant P value (all P>0.40) subjects who completed the VFQ-25 survey both at
in univariate analysis, and thus were not included in the igni
adjusted model.

The mean composite score remained relatively stable
for both the adherent and non-adherent subjects,
with adherent subjects generally maintaining higher

(P=0.50) between the two adherence groups at 3years
using 80% (online supplementary table 2) as well as

Unadjusted estimate
(95% Cl)

Unadjusted Unadjusted Adjusted estimate
effect size* P value (95% Cl)

Adjusted Adjusted

Characteristics effect size* P value

Visual field: mild vs severe/
moderate

8.89 (3.97 to 13.81) 0.45 0.08 7.54 (2.68 to 12.40) 0.39 0.13

Visual acuity <20/50 vs
>20/50 in either eye

13.24 (8.37 to 18.11) 0.68 <0.01 11.77 (6.59 to 16.95) 0.60 0.03

Gender: male vs female 1.75(-7.34t0 10.85)  0.09 0.85

REALM score 0.18 (0.48 to 10.04) 0.01 0.45

*Effect size was calculated by dividing the point estimate by the SD.

TVisual fields with >33% fixation losses, false-positives or false-negatives and/or with artefact such as a cloverleaf pattern or rim defect were
labelled uninterpretable.

REALM, Rapid Estimate of Adult Literacy in Medicine.
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Figure 1
who completed the study.

several lower cut-offs for adherence (online supple-
mentary table 3).

DISCUSSION
Our study suggests that medication non-adherence
measured with a MEMS device may be a marker of poor
long-term VRQoL in patients with glaucoma. Patients who
took less than 80% of prescribed doses of their glaucoma
drops had lower mean VQF-25 scores when compared
with those who took at least 80% of their prescribed
doses both at baseline and at 3years. In adjusted analysis,
baseline visual field severity and visual acuity were more
strongly associated with VRQoL than medication adher-
ence. However, the effect size for medication adherence
remained fairly stable despite adjustment for visual field
severity and visual acuity, which suggests that it may
uniquely contribute to VRQoL.

Quality of life is an important patient-centred metric
that is of significant interest in the field of glaucoma. We

3-Years Baseline

Poor Medication Adherence — — —

I | I T
3-Years Baseline 3-Years

Good Medication Adherence

Plots of mean visual function subscale and composite scores at baseline and after 3 years among subjects

observed that electronically measured adherence was asso-
ciated with VRQoL, with an effect size approximately half
as large as that of visual acuity and two-thirds the size of
that of visual field severity in both unadjusted and adjusted
analyses. The relationship was not statistically significant
due to the modest sample size, but still warrants attention
given the strength of the association. Our finding is similar
to that of two prior studies that were limited by their use of
self-reported medication adherence. In one cross-sectional
study by Loon et al'', patients with glaucoma in Singapore
were interviewed about their adherence to glaucoma
medications and their quality of life was evaluated. Non-ad-
herent patients were more likely to have lower quality of
life (P=0.014). Balkrishnan et al analysed mailed self-ad-
ministered surveys on medication-taking behaviours and
health-related quality of life among Medicare beneficiaries
with primary OAG. They found that self-reported difficulty
using eye-drops was associated with lower health-related
quality of life (P<0.05)." Self-reported adherence tends
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to overestimate true medication-taking behaviour.” Physi-
cian reports of non-adherence likewise do not correlate
well with electronic non-adherence.” We have also previ-
ously shown that medication possession ratio (MPR)
based on pharmacy records is not an accurate repre-
sentation of medication usage.'” The mean MPR in our
Veterans Affairs population is greater than 1.5, likely due
to frequent refills ordered by physicians during follow-up
visits. Other groups have similarly found that the MPR for
other chronic diseases, like hypertension, is high among
veterans.”* Electronic measurement tools, such as the
MEMS device that we used, provide a more objective means
of estimating how adherent patients are to their medica-
tion schedule,” " * although even MEMS can overestimate
adherence if patients fail to properly instil their eye-drops.
We also sought to confirm whether those with poor base-
line medication adherence would continue to have poor
VRQoL after a 3-year interval. To our knowledge, our study
is the first to show that electronically measured non-adher-
ence with eye-drops may be associated with poor long-term
VRQoL in patients with glaucoma.

Whether patients with worse VRQoL are less likely to
take their medications or whether non-adherent behaviour
leads to poor VRQoL is not clear. In our study, subjects
with poor adherence to their eye-drops had lower VFQ-25
scores at baseline compared with those with good medi-
cation adherence. Those subjects with poor baseline
adherence also persisted in having lower VFQ-25 scores
after 3years. This finding may suggest that poor adherence
may be a risk factor for long-term poor VRQoL. In previous
studies, patients who self-reported difficulty using their
eye-drops were more likely to have lower VRQoL scores.'”
Itis possible that poor adherence to drops over time could
lead to worse control of intraocular pressure on average,
which could put one at risk for glaucomatous progression.
Medication non-adherence is also associated with patterns
of non-adherence to scheduled follow-up appointments
for glaucoma, which could further increase one’s risk of
progression and adversely impact VRQoL.”

In our study, baseline visual field severity (mild vs
moderate/severe) was associated with the VFQ-25
composite score (P=0.08) with a fairly large effect size.
However, it was not associated with adherence (P=0.69),
and did not substantially confound the relationship
between adherence and the VFQ-25 score. Nevertheless,
subjects with poor medication adherence self-reported
lower VRQoL on the peripheral visual field subscale both
at baseline and at 3years (SMD>0.10). In fact, while the
mean peripheral vision score slightly improved at 3years
for those with good adherence, it declined for those with
poor medication adherence even though neither treat-
ment intensification nor progression of glaucomatous
visual field loss significantly differed between the adherent
and non-adherent patients at the end of the study (P>0.05).
Thus, patients’ subjective perception of peripheral visual
dysfunction on the VFQ-25 did not correspond to their
objective performance on visual field testing. These find-
ings surprised us as several other groups have suggested

that declines in VRQoL parallel objective measures of glau-
coma progression. In one study, greater visual field defects
were associated with worse scores on the VFQ-25 and VF-14
(P<0.05).% Location of visual field loss has also been shown
to differentially impact quality of life in glaucoma, with
superior field loss impacting near activities and inferior
field loss impacting general and peripheral vision quality
of life scores.” Progressive retinal nerve fiber layer (RNFL)
loss has been shown to be associated with longitudinal
decreases in quality of life, even after adjusting for visual
field deficits.'’ We may have been underpowered to detect
a statistically significant association between visual field
severity and VFQ-25 composite score. Psychosocial influ-
ences may also partly explain the discrepancy between the
objective severity of visual field loss and subjective periph-
eral vision score in our study. For example, subjects who
did not take their eye-drops may have underreported their
visual function on the questionnaire. A 3-year follow-up
period may also be insufficient to detect significant glauco-
matous progression.

In our study, the ocular pain subscale was also consistently
lower at baseline and after 3years for subjects with poor
adherence to eye-drops. The VFQ-25’s ocular pain subscale
has previously been shown to be significantly related to
abnormal tear film break-up time.”” Ocular surface disease
can be exacerbated in patients with glaucoma by chronic
exposure to preservatives or allergens in their eye-drops,
which may deter subjects from taking their eye-drops as
prescribed.

There are several limitations to this study. This was a small
sample of patients drawn from a single Veterans Affairs
medical centre, which limits our power and generalisability.
Although medication adherence had a smaller relative
effect size, adjustment for visual acuity and visual field did
not substantially alter the point estimate, which suggests
that it may contribute uniquely to VRQoL. Because this was
a modest sample, we also did not control for other factors
that may impact VRQoL, such as media opacity or other
ocular pathology, and instead corrected for visual acuity.
However, best corrected visual acuity did not significantly
differ between the two groups at baseline and a minority
of patients saw 20/50 or worse in one eye. By including
patients with other ocular diseases, our results more
closely approximate the true ophthalmic experiences of
patients with glaucoma who often have numerous reasons
for limited vision. Because patients needed to be able to
complete vision-related tasks, such as use of the MEMS
device, we excluded patients whose vision was worse than
20/70 in both eyes. Thus, the findings are not relevant to
patients with bilaterally very low vision. It is possible that
subjects in this study modified their behaviour because
they were being monitored, that is, the Hawthorne effect.
However, such an effect would tend towards an underes-
timation of the degree of non-adherence, and thus bias
the findings towards the null. Defining adherence using
a particular cutoff may not reflect the range of non-ad-
herence that exists among patients with glaucoma. The
decision to use an 80% cut-off was based on the current
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literature, as well as driven by the data. The mean adher-
ence rate was 79.8% (SD 25.3%), and dichotomising at
80% generated a 30% prevalence of non-adherence, which
is similar to what others have found.”” An 80% adherence
using MEMS was also significantly associated with patient
self-report on adherence. Longer, larger studies are needed
with longitudinal medication adherence data to determine
how changes in medication adherence impact disease
progression over time.

CONCLUSIONS

The effect size for the association between electronically
measured non-adherence to glaucoma medications and
lower VRQoL scores is approximately half the effect size
of visual acuity and two-thirds the effect size of visual
field severity, but was not statistically significant due to
limited sample size. Non-adherence to eye-drops may
be associated with the ocular pain and peripheral vision
VFQ-25 subscales. Visual field severity and visual acuity
are strongly associated with VRQoL in patients with glau-
coma. Future evaluations of interventions to improve
adherence to glaucoma eye-drops should assess the
impact on VRQoL measures.
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