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Abstract

Objective: To evaluate the relationship between medication adherence and visual field
progression in participants randomized to the medication arm of the Collaborative Initial
Glaucoma Treatment Study (CIGTS).

Design: The CIGTS was a randomized, multi-center clinical trial comparing initial treatment
with topical medications to trabeculectomy for 607 participants with newly diagnosed glaucoma.

Participants: 307 participants randomized to the medication arm of the CIGTS.

Methods: Participants were followed at 6 month intervals for up to 10 years. Self-reported
medication adherence and visual fields were measured. Medication adherence was assessed by
telephone from responses to “Did you happen to miss any dose of your medication yesterday?”
The impact of medication adherence on mean deviation (MD) over time was assessed with a linear
mixed regression model adjusting for the effects of baseline MD and age, cataract extraction,
interactions and time (through year 8, excluding time after crossover to surgery). Medication
adherence was modeled as a cumulative sum of the number of prior visits where a missed dose of
medication was reported.

Main outcome measure: MD over time.
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Results: 307 subjects (306 with adherence data) were randomized to treatment with topical
medications and followed for an average of 7.3 years (standard deviation=2.3). 142 subjects (46%)
reported never missing a dose of their medication over all available follow-up, 112 (37%) reported
missing medication for up to 1/3 of their visits, 31 (10%) reported missing medication for 1/3 to
2/3 of their visits, and 21 (7%) reporting missing medication at >2/3 of their visits. Worse
medication adherence was associated with loss of MD over time (p=0.005). For subjects who
reported never missing a dose of medication, the average predicted MD loss over 8 years was 0.62
dB, consistent with age-related loss (95% confidence interval, CI=0.17-1.06; p=0.007); subjects
reporting missing medication doses at 1/3 of visits had a loss of 1.42 dB (Cl, 0.86-1.98;
p<0.0001); subjects reporting missing medication doses at 2/3 of visits had a loss of 2.23 dB (Cl,
1.19-3.26; p<0.0001).

Conclusion: This longitudinal assessment demonstrated a statistically and clinically significant
association between medication non-adherence and glaucomatous vision loss.

Precis

We found a statistically and clinically significant relationship between medication adherence and
glaucomatous vision loss over 8 years among the 306 Collaborative Initial Glaucoma Treatment
Study participants randomized to the medication arm of the trial.

Glaucoma is a leading cause of irreversible blindness world-wide. In the United States (US)
it affects 2.9 million people,! of whom 120,000 are blind.2 The prevalence of glaucoma is
rising, with 64.3 million people affected globally in 2013 and a projection of 112 million
people affected by 2040.3

Lowering intraocular pressure (IOP) via medical or surgical therapy is a proven treatment to
slow or halt glaucomatous progression.1=# Medical therapy is the most common approach to
treatment® and costs from glaucoma medications account for 54% of Medicare Part D
prescribing costs by US eye care providers.5 However, cross sectional analyses of glaucoma
medication-taking behavior, including medication refill data,”-8 estimate that rates of
medication adherence in the US are about 50%. Rates of persistence with glaucoma
medications, or the continued use of prescribed medication over the long term, are even
lower. A retrospective cohort study of 1,234 patients newly diagnosed with open-angle
glaucoma found that only 15% had persistently good adherence over four years of follow-
up.? In another study, even when patients knew their adherence was being electronically
monitored, only 83% took their once-daily dosed medication correctly >75% of days during
a three-month period.10

The impact of non-adherence on clinical outcomes has gained increasing attention in recent
years, with almost no publications in 1970, about 5,000 in 1980, and nearly 40,000 in
2007.11 Non-adherence leading to hospitalization has been documented in decompensated
heart failure, where 57% of hospitalized patients reported poor medication adherence,2 and

in schizophrenia, where 40% of re-hospitalizations were due to poor medication adherence.
13

In glaucoma, patients who took =80% of their prescribed medications had an 86% reduced
odds of having a moderate or severe visual field defect compared to those who took <80% of
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their prescribed medications.1 Though it may seem intuitive that poor medication adherence
will lead to poor outcomes, questions remain as to the efficacy of partial adherence. To date,
only one small study (n=35) has assessed the impact of glaucoma medication adherence on
glaucomatous progression.1® Few available data sources capture both longitudinal measures
of medication adherence and repeated assessment of visual field status.

The Collaborative Initial Glaucoma Treatment Study (CIGTS) was a randomized multi-
center clinical trial of initial treatment with medications or trabeculectomy in which self-
reported medication adherence and visual field tests were measured over follow-up in a
standardized fashion. Additionally, CIGTS data includes participants with high rates of
longitudinal follow-up: 79% of participants had 5 years of follow-up data. Thus, the CIGTS
data offer unique insights into the association between medication taking behavior and
glaucomatous progression. The purpose of this study is to evaluate the longitudinal
relationship between medication adherence and visual field progression among participants
enrolled in the medication arm of the CIGTS.

In the CIGTS (Clinical-Trials.gov Identifier #NCT00000149), 607 subjects with newly-
diagnosed, open-angle glaucoma were enrolled at 14 centers across the US and randomized
to either initial treatment with surgery (trabeculectomy, n=300) or topical medications
(n=307). Informed consent was obtained from all participants. Eligibility of an eye included
a combination of elevated 10P, visual field changes, and optic disc findings.16 For
unilaterally eligible subjects, the study eye was designated at baseline as the only eligible
eye; for bilaterally eligible subjects, the study eye was determined by physician discretion.
The study eye was the worse eye by either IOP, mean deviation (MD), or cup-disc ratio in
99.3% of subjects.” This analysis includes the 306 participants in the medication arm of the
CIGTS who had at least one follow-up visit.

Socio-demographic factors and assessment of depression were obtained at the baseline study
visit. Depression was assessed based on participants’ responses to the eight-item Center for
Epidemiologic Studies Depression Scale (CES-D 8).17 The scale was scored with a possible
range from 0-24, where higher scores indicated more depressive symptoms. A CES-D score
> 7 was used as an indicator of mild or worse depression.18

Follow-up study visits were conducted at 3 months, 6 months, and every 6 months thereafter
up to 10 years after randomization. The visits included a thorough clinical examination and
visual field assessment using the Humphrey Visual Field Analyzer 24-2 full threshold test
(Zeiss-Humphrey Systems, Dublin, CA). The visual field summary measure used for this
analysis was the MD in decibels (dB). A telephone interview assessing quality of life and
other self-reported measures was conducted within a +45-day window of the exam.
Although the clinical examination and quality of life telephone interviews followed the same
6-month intervals, the two study components were scheduled independently and could occur
in either order.1® The interviews included questions about medication adherence, assessed by
asking participants to respond to the following question for each medication prescribed,
“Everyone finds it difficult to take all of their medications exactly as the doctor prescribed.
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There are lots of reasons for this. Sometimes the instructions are complicated or hard to read
or understand, especially when there are several different ones to take. Sometimes the
medications have to be taken at inconvenient times, often it’s hard to remember to take
them, sometimes they have unpleasant side effects. We want to get an idea of what
medication taking is like for you. Did you happen to miss any dose of your [name of
medication] yesteraay (yes/ng)?” Single-item tools to assess medication adherence have
been found to be valid ways to assess adherence with low patient burden.29-21 Participants
were classified as non-adherent when reporting a missed dose for one or more of their
prescribed medications.

Approval for this analysis of data collected on CIGTS participants was granted by the
University of Michigan Institutional Review Board. The study was conducted in accordance
with Health Insurance Portability and Accountability Act regulations and adhered to the
tenets of the Declaration of Helsinki.

Statistical Methods

Baseline demographics and clinical characteristics are summarized with descriptive
statistics. For each participant, medication adherence was categorized as: 1) no visits with a
report of a missed dose of medication; 2) at least one but <1/3 of visits with a report of a
missed dose of medication; 3) >1/3 of visits but <2/3 of visits with a report of a missed dose
of medication; 4) =2/3 of visits with a report of a missed dose of medication. In different
analyses, medication adherence was summarized over all follow-up visits, or calculated as a
cumulative measure over the follow-up visits.

Potential baseline predictors of non-adherence (the patient-specific proportion of non-
adherent visits over all follow-up), were individually tested with linear regression: age, sex,
race, IOP, and MD. These regressions test slope for continuous variables (age, IOP, MD) or
differences for dichotomous variables. Additionally, the linear relationship of non-adherence
with possible psychosocial antecedents of non-adherence (education, marital status, and
depression) were similarly tested.

The association of medication adherence with visual field progression over time, measured
by MD, was assessed using a linear mixed regression model. This model, built on previous
work also investigating predictors of visual field progressionl® included the following
covariates (fixed effects): baseline MD and age, time from enrollment, a time-varying
indicator for a visit one year prior to cataract extraction, and two interactions (baseline MD
by the cataract indicator and age by time from enrollment). These variables, used to adjust
for confounding effects, were previously identified using best-subset and backward selection
procedures. In both the previous and current model, repeated measures of MD within a
subject over time were modeled with a heterogenous Toeplitz correlation structure,?2 which
provided a better fit to the data than including random subject effects. Modifications to the
original model included restricting the sample to those subjects randomized to medication,
including follow-up visits from 3 months through 8 years (with small sample sizes thereafter
limiting our ability to obtain robust estimates), and excluding any follow-up visit
information after a participant failed the medication arm of the study and crossed over to
receive either laser trabeculoplasty or incisional surgery, as these could change their
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medication regimen. Medication adherence was then added to the model to test for an
association with visual field progression. Medication adherence was modeled as a time-
varying covariate, cumulatively summing the number of prior visits where a missed dose of
medication was reported. After dropping non-significant variables, all variables retained in
the final model were independently associated with the outcome, MD, at p<0.05. Variables
previously assessed and found unrelated to visual field progression included clinical center,
gender, education, current smoking status, alcohol intake, family history of glaucoma, type
of glaucoma, pupil response, iris color, optic disc hemorrhage, corneal thickness, and
systemic hypertension. SAS version 9.4 (Cary, NC) was used for all statistical analyses.

The 306 participants in the medication arm of the CIGTS trial who had at least one follow-
up visit had a mean (£SD) age at enrollment of 57.4+11.2 years (range, 29 to 76 years) and
54% were male. Approximately half (55%) self-reported their race as White, 39% as Black,
and 6% as another race. Nearly half (46%) had completed less than or equal to a high school
education and 54% had completed at least some college. 57% were married. The mean
baseline CESD-8 depression score was 2.4 + 3.8 and 14% of participants had mild or worse
depression.

Participants entered the study with a mean deviation of 5.2 + 4.3 dB (range, -23.5 to +3.4
dB) and a mean 0P of 27.6 + 5.5 mmHg (range, 19 to 48 mmHg). Participants were
followed for a mean of 7.3 + 2.3 years.

The distributions across the four medication adherence categories, cumulatively over time
from enrollment, are displayed in Figure 1. Because adherence is cumulative, the number of
subjects reporting that they never missed a dose of their medication can only remain
constant or decrease. Some fluctuation is due to changing sample sizes from missed visits or
participant dropout. As expected, the percentage of participants reporting no missed doses of
medication decreased over time, with 58% in year 3, 49% in year 5, and 39% in year 8.
Conversely, the percentage of participants reporting a missed dose of medication at 1/3 - 2/3
of visits increased from 11% in year 3 to 17% in year 8.

Over all available follow-up, 46% of participants (n = 142) reported never missing a dose of
medication, 37% of participants (n = 112) reported a missed dose at up to 1/3 of visits, 10%
of participants (n = 31) reported a missed dose for between 1/3 — 2/3 of visits, and 7% of
participants (n = 21 (6.9%) reported a missed dose for >2/3 of visits. Participants reporting
more missed doses of medication over follow-up (missing >2/3 of doses versus no missing
doses) were on average 10 years younger (p=0.0001), had more severe visual field loss at
baseline by 1.6 dB (p=0.006, Table 1), a greater proportion were of Black race (67% versus
33%, respectively; p=0.027), a greater proportion were not married (57% versus 39%,
respectively; p=0.007), and a greater proportion had a high school or less education (66.7%
versus 47.9%, respectively; p=0.023). Additionally, participants reporting more missed
doses of medication (missing >2/3 of doses versus no missing doses) had higher average
depression scores on the CESD-8 (4.3 versus 2.2, respectively; p<0.0001), and higher
proportions of mild or worse depression (29% versus 12%, respectively; p=0.0004).
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Baseline IOP and gender did not show an association with missed doses of medication over
follow-up (Table 1).

In the linear mixed regression model of visual field progression, an increase in the number
of visits where a patient reported a missed dose of medication was significantly associated
with a decrease (worsening) in mean deviation (estimate=—0.14 dB per visit with missed
dose, p=0.0054, Figure 2), after adjusting for significant confounding variables. For a
subject who reported never missing a dose of medication, the average predicted loss in MD
over 8 years was —0.62 dB (95% confidence interval (Cl) —1.06 to —0.17, p=0.007; Table 2).
In comparison, for a subject reporting missed medication doses at 1/3 of visits over 8 years,
the average predicted loss in MD was —1.42 dB (95% CI -1.98 to —0.86, p<0.0001); for a
subject reporting missed medication doses at 1/2 of visits over 8 years, the average predicted
loss in MD was —1.82 dB (95% CI —2.61 to —1.04, p<0.0001); and, for a subject reporting
missed medication doses at 2/3 of visits over 8 years, the average predicted loss in MD was
-2.23 dB (95% CI —3.26 to —1.19, p<0.0001).

Discussion

The CIGTS trial is one of few studies to have captured longitudinal measures of both
medication adherence and visual field assessment. This longitudinal analysis demonstrated a
statistically and clinically significant association between medication adherence and
glaucomatous loss of visual function among the participants randomized to the medication
arm of the trial over 8 years of follow-up. The estimated loss of visual field for a participant
who did not report having missed any doses of prescribed glaucoma medication over 8 years
of follow-up was 0.62 dB, after adjusting for significant confounding variables. This is
similar to other estimates of age-related visual field loss with stable glaucoma that range
between 0.05 dB per year?3 and 0.1 dB per year,2* which would produce a range of 0.4 to
0.8 dB of MD loss over 8 years. Conversely, a participant who reported missing medication
doses at 1/3 of visits lost an average of 1.42 dB of MD over 8 years and those who reported
missing medication doses at 2/3 of visits lost an average of 2.23 dB of MD over 8 years.
These data display a dose-response relationship between the extent of medication adherence
and glaucomatous visual field loss, in line with the remark made in 1985 by C. Everett
Coop, the US Surgeon General between 1982-1989, that “Drugs don’t work in patients who
don’t take them.”2

The single previous longitudinal study to assess the relationship between medication
adherence and visual field progression took place in Italy between 2005-2009 by Rossi and
colleagues.?6 The study was an observational case series that assessed 35 out of 59
participants originally enrolled in a study assessing medication adherence to monotherapy
with either travaprost or combination travaprost/timolol. These 35 participants had
completed at least 12 months of follow-up wherein their medication adherence was
monitored electronically and the percent of prescribed doses taken was calculated. Visual
fields (7-8 per participant) were obtained before and after the monitoring period. A visual
field expert masked to participants’ adherence status judged whether there was visual field
progression. Mean deviation, pattern standard deviation and glaucoma stage were plotted
over time and if the slope of the plotted line was flat or positive, the field was classified as

Ophthalmology. Author manuscript; available in PMC 2021 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Newman-Casey et al.

Page 7

stable and if the slope was negative the field was classified as progressed. In 72.4% of
participants, the visual field was classified as stable and median adherence was 85%
(interquartile range (IQR) 75%-97%). In 27.6% of participants, the visual field was
classified as having progressed and median adherence was 21% (IQR 9%-45%) (p<0.0001).
Rossi and colleagues also demonstrated a dose-response effect of medication adherence on
visual field progression. Of the 12 (34.3%) participants with >90% adherence, none
progressed; of the 14 participants with 50%—-90% adherence, 14.3% (n = 2) progressed, and
of the 9 participants with <50% adherence, 88.9% (n = 8) progressed. This dose response
effect, where worsening adherence levels were associated with increased visual field
progression over time, is similar to what was seen in our CIGTS population of 306
participants.

The dose-response relationship we found between medication adherence and visual field
progression was significant even though the assessment of medication adherence — self-
report — is notorious for overestimating true adherence.2’ In 1986, Kass and colleagues?’
developed an electronic eye drop adherence monitor that was shaped like a bottle of
pilocarpine. They gave this monitor to 184 patients who were prescribed pilocarpine three or
four times daily under the guise that this new bottle was merely different from the usual
pilocarpine bottle because it contained a free sample of medication. Therefore, patients did
not know that their medication adherence was being electronically monitored. Patients
reported taking 97.1 + 5.9% of prescribed pilocarpine doses, whereas the medication
adherence monitor data indicated that patients actually administered no more than 76.0 £
24.3% of pilocarpine doses. Accordingly, the magnitude of the association between
medication adherence and glaucomatous visual field progression that we found in this study
is likely an underestimate because CIGTS participants were more likely to have
overestimated their true medication adherence.

In this study, we also examined baseline antecedents, or predictors, of poor medication
adherence. We found that CIGTS participants who were younger, were not married, had
worse baseline mean deviation, were of Black race, had <High School education or were
depressed were more likely to have poor glaucoma medication adherence. The association
between poor glaucoma medication adherence and younger age,282° |ess education,3? and
minority race3! has been demonstrated in previous analyses. The association of depression
with poorer medication adherence has also been demonstrated in a number of studies.32-34
Jayawant and colleagues reported that living alone was another important risk factor for poor
persistence with glaucoma medication.33 People with co-morbid mental illness and/or poor
social support will need increased personalized support from the health care system to
improve their chronic disease self-management and thereby improve outcomes.

While people with glaucoma spend most of their time outside of their eye care providers’
offices, they nonetheless require daily, devoted attention to taking their medications as
prescribed, which often requires administering topical medications several times daily.
Enabling a person’s adherence behavior requires identifying ways that the person can
integrate medication-taking into their daily routine. This becomes even more important
when aging begins to impact short term memory.35-38 Since each patient has a unique set of
barriers to optimal glaucoma medication adherence,2? and people who live alone or have
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depression may have even more barriers to optimal adherence, any systems-level approach
to improving glaucoma self-management support must be personalized. Personalized
counseling has shown promise in multiple randomized controlled trials in improving
medication adherence for glaucoma patients,3%-41 and creating a standardized way to deliver
this type of support#2 has potential to improve adherence. Providing between visit support
with reminders and alerts provided electronically*344 and by phone calls from a dedicated
“glaucoma coach” or health navigator may improve adherence and thus minimize
glaucomatous field loss.

This study has a number of strengths. We had access to longitudinal information on
adherence and key clinical variables collected on a large number (n=306) of people with
newly diagnosed glaucoma followed for up to 8 years, which increased our ability to detect
effects. Our source of data on visual field and self-reported adherence were systematically
captured by certified staff following a uniform protocol as part of a randomized controlled
clinical trial. The study had also had limitations. Though single-item measures of medication
adherence have had reasonable reliability in comparison to biological outcomes such as viral
load and CD4 count in patients with AIDS,20 they still overestimate medication adherence
compared to more objective adherence measures, such as un-announced pill counts.?!
Though our methodology likely underestimated true levels of poor medication adherence,
21,27 having the research associate normalize the behavior in the phone script may have
helped participants answer more truthfully. Had participants been continuously assessed
throughout the study period with electronic medication monitoring for a more objective
assessment of adherence, we may have seen an even more robust association between
medication adherence and visual field progression. Additionally, because this was not a
randomized controlled trial of the impact of medication adherence on visual field
progression, it is possible that the non-adherent subjects had worsening field loss due to
factors other than medication adherence. As such, this manuscript details only the
association between medication taking behavior and visual field progression, and not any
causative link. Like most clinical trial participants, CIGTS participants were quite adherent
both to their medications and to follow-up, and exhibited a fairly small amount of visual
field progression overall throughout the follow-up period. Given these factors, the current
study likely underestimates the true magnitude of the association between medication
adherence and visual field progression.

In 2003, the World Health Organization stated that “increasing the effectiveness of
adherence interventions may have a far greater impact on the health of the population than
any improvement in specific medical treatments.”® To increase the effectiveness of our
current glaucoma treatments, there is a critical need to focus on helping support patients in
improving their glaucoma medication adherence.
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Figure 1.
Stacked bar charts showing the percentage of patients in each of the 4 categories of

medication adherence over time from enrollment. For each patient at each visit, the category
is assigned based on the cumulative number of visits with adherence divided by the total
number of visits up to that point.
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For different levels of adherence, the mean deviation (MD) over time from enrollment was
estimated using a linear mixed regression model. For this display, the covariates baseline
MD and age were set to their mean values, and cataract extraction was set to ‘no’; 95%
confidence intervals are displayed at years 2, 4, 6, and 8.
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Baseline patient demographics and clinical characteristics by adherence levels for 306 patients in the
medication arm of the Collaborative Initial Glaucoma Treatment Study (CIGTS)

Table 1.

0Missed <% Missed %4-% Missed =24 Missed
(n=142) (n=112) (n=31) (n=21)
Baseline Variables Mean (SD) Mean (SD) Mean (SD) Mean (SD)  p-value®
Age (years) 585(11.0) 57.9(11.3)  56.4(9.7)  48.4(10.8)  0.0001
MD (dB) -47(41)  -52(3.9) -6.7 (5.3) -6.3(5.3)  0.0057
IOP (mmHg) 27.7(55)  26.7(5.0) 29.7 (6.8) 282(5.8)  0.2388
CESD Score 2.1(3.4) 2.0 (3.4) 45 (4.6) 43(5.2)  <0.0001
# (%) # (%) # (%) # (%) P-value ™

Gender

Male 82(57.8)  58(51.8) 15 (48.4) 9 (42.9)

Female 60(42.2)  54(48.2) 16 (51.6) 12 (57.1) 0.9%04
Race

White/Other 92(64.8) 70 (62.5) 17 (54.8) 7(33.3) 0,028

Black 50(35.2) 42 (37.5) 14 (45.2) 14 (66.7)
Marital Status

Married 86 (60.6) 67 (59.8) 12 (38.7) 9 (42.9)

Not Married 56 (39.4)  45(40.2) 19 (61.3) 12 (57.1) 0.0065
Education

<HS 68 (47.9) 65 (58.0) 17 (54.8) 14 (66.7) 00226

Some College+ 74 (52.1) 47 (42.0) 14 (45.2) 7(33.3)
Depression

CESD<7 121 (87.7) 99 (91.7) 21 (67.7) 15 (71.4)

CESD27 17 (12.3) 9(8.3) 10 (32.3) 6 (28.6) 0.0004

SD, standard deviation; MD, mean deviation; dB, decibels; IOP, intraocular pressure; mmHg, millimeters of mercury; CESD, Center for

Epidemiologic Studies Depression Scale; HS, high school

*
Regression analysis to test for a linear relationship (for continuous variables) or difference (for dichotomous variables)
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Table 2.

Estimated mean deviation (MD) from a linear mixed regression model*, by adherence and follow-up

0 Missed <M Missed  Y%4-% Missed =% Missed
(n=142) (n=112) (n=31) (n=21)
Years From Enrollment Es;é:n:)ate Esg:r?)ate Eszg:n:)ate Esiti:n:)ene
-5.04 -5.28 -5.40 -5.52
2 (-5.34,-4.75) (-5.58,-4.99) (-5.73,-5.07) (-5.90, -5.14)
-5.20 -5.62 -5.84 -6.05
! (-5.52, -4.88) (-5.97,-5.28) (-6.28,-5.40) (-6.61, —5.49)
-5.35 -5.97 —-6.28 -6.58
° (-5.73,-4.98) (-6.40,-5.54) (-6.87,-5.69) (~7.36, -5.81)
-5.51 -6.31 -6.71 -7.12
8 (-5.96, -5.05) (-6.85, -5.78) (~7.47,-5.96) (-8.12, -6.11)
MD Loss -0.62 -1.42 -1.82 -2.23
0vs8 (-1.06,-0.17) (-1.98,-0.86) (-2.61,-1.04) (-3.26,-1.19)
P-value 0.0065 <0.0001 <0.0001 <0.0001

*

For different levels of adherence, the mean deviation (MD) over time from enrollment was estimated using a linear mixed regression model. For
this display, the covariates baseline MD and age were set to their mean values, and cataract extraction was set to ‘no’; 95% confidence intervals
(CI) are provided.

1duosnuey Joyiny 1duosnuen Joyiny

1duosnuen Joyiny

Ophthalmology. Author manuscript; available in PMC 2021 April 01.



	Abstract
	Precis
	Methods
	Statistical Methods

	Results
	Discussion
	References
	Figure 1.
	Figure 2.
	Table 1.
	Table 2.

