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Psychosocial Predictors of Glaucoma
Medication Adherence Among the Support,

Educate, Empower (SEE) Personalized
Glaucoma Coaching Pilot Study Participants
MARIAM SALMAN, CHRIS ANDREWS, MICHELE HEISLER, DEBORAH DARNLEY-FISCH, AND
PAULA ANNE NEWMAN-CASEY
� PURPOSE: To evaluate the association between baseline
psychosocial milieu and subsequent glaucoma medication
adherence among participants in the Support, Educate,
Empower (SEE) personalized glaucoma coaching program
pilot study.
� DESIGN: Prospective cohort study.
� METHODS: Participants (University of Michigan glau-
coma patients aged ‡40 years, taking ‡1 glaucoma medi-
cation, who self-reported poor adherence) completed a
baseline survey that assessed the following: (1) demo-
graphics; (2) social network; (3) perceived stress; (4)
consideration of future consequences; (5) glaucoma-
related distress; and (6) social support. Medication adher-
ence was then monitored electronically for 3 months and
the percentage of prescribed doses taken was calculated.
The relationship between baseline factors and medication
adherence was assessed using univariate and multivariate
analysis. Main outcome measure was median percent
adherence over 3 months.
� RESULTS: Of the 95 study participants, 63% had grad-
uated from college, 55% were white, 35% were African-
American, and 97% had insurance. Median adherence
over 3 months was 74% ± 21% (±standard deviation,
SD). Higher income and more education were signifi-
cantly associated with better adherence (P < .0001,
P [ .03). Glaucoma-related distress (mean score 5.6,
SD [ 3.0) was inversely associated with medication
adherence on univariate (P < .0001) and multivariate
analysis (P [ .0002). Every 1-point increase in
glaucoma-related distress score predicted a 2.4-
percentage-point decrease in medication adherence.
� CONCLUSIONS: Lower income, lower educational
attainment, and a higher level of glaucoma-related
distress all predicted lower adherence to glaucoma medi-
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cations. Additional glaucoma self-management support
resources should be directed toward patients with such
risk factors for poor adherence. (Am J Ophthalmol
2020;216:207–218. � 2020 Elsevier Inc. All rights
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P
OOR ADHERENCE TO THERAPEUTIC REGIMENS

among adults with chronic conditions is responsible
for substantial morbidity, mortality, and increased

healthcare costs in the United States.1 Interventions that
improve adherence have improved clinical outcomes
such as blood pressure,2 blood glucose,3 and blood lipids.4,5

Glaucoma remains the second-leading cause of blindness in
the United States, despite the availability of effective treat-
ments.6,7 As with other chronic conditions, rates of poor
adherence to glaucoma medications are high, and patients
with worse adherence have more severe glaucoma-related
vision loss.8

The ecological model of health posits that health be-
haviors such as medication taking are determined by so-
cial factors such as public policies and social support
systems, and by individual-level factors such as knowl-
edge, skills, attitudes, and self-efficacy. In focus groups,
glaucoma patients have identified both social barriers to
care, such as a lack of emotional support and financial dif-
ficulties, and individual barriers to care, such as poor
insight into the natural history of glaucoma and low
self-efficacy about self-administering eye drops.9–12 More
complex dosing regimens have a statistically significant
association with poor adherence.13,14 Being of minority
race, low income, or low educational attainment, or not
being married, are all significantly associated with worse
glaucoma medication adherence.15,16 The literature on
psychosocial determinants of glaucoma medication
adherence is less robust but does suggest that patients
with low motivation, low intention, and poor self-
efficacy also have a higher risk of poor medication adher-
ence.17–19 To date, however, the relationships between
glaucoma medication adherence and individual-level fac-
tors such as perceived stress, future orientation, and
disease-related distress and social factors such as support
network have yet to be assessed.
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Accordingly, the aim of the current study is to under-
stand the relationship between baseline individual-level
factors including perceived stress, future orientation, and
disease-related distress and social factors such as demo-
graphics and social support and glaucoma medication
adherence among participants in the Support, Educate,
Empower (SEE) personalized glaucoma coaching program
pilot study. Specifically, we assess the relationships be-
tween electronically monitored glaucoma medication
adherence and income, race, education, perceived stress,
disease-related distress, insight into future consequences,
social network, and social support among participants in
the SEE program pilot study. As the purpose of the SEE pro-
gram is to improve glaucoma medication adherence, only
participants with poor self-reported medication adherence
were included. Understanding the baseline psychosocial
correlates of medication adherence among program partic-
ipants will better inform how to best identify which glau-
coma patients would benefit from additional support.
METHODS

THIS STUDY EXAMINED THE BASELINE DEMOGRAPHICS AND

psychosocial characteristics collected from a cohort
enrolled in the SEE program pilot study (ClinicalTrials.
gov identifier #NCT03159247), a prospective study exam-
ining the initial impact and feasibility of a personalized
glaucoma coaching program on glaucoma medication
adherence.18 All participants were adults with glaucoma
who self-reported poor medication adherence at baseline.
Their psychosocial characteristics were ascertained by sur-
vey and their glaucoma medication adherence was subse-
quently measured electronically for 3 months.

� PARTICIPANTS AND SAMPLE SELECTION: Participants
were recruited between December 2016 and August
2018. To recruit glaucoma patients who were poorly
adherent to their glaucoma medications, we used an auto-
mated data pull to identify participants who received pri-
mary or specialized ophthalmic care at the main or
satellite University of Michigan Kellogg eye center clinics,
had a diagnosis of glaucoma, were aged >_40 years, and took
>_1 glaucoma medication. We then conducted a manual
chart review to exclude individuals who were deceased,
those with severe mental illness (defined as schizophrenia,
bipolar disorder, or a major depressive episode with psy-
chotic features), and those with cognitive impairment.
We mailed letters to patients meeting the above-
mentioned criteria to enable patients to opt out of
receiving a recruitment phone call. A research associate
called each patient who did not opt out to ask if they would
be interested in participating in a 2-year study of a person-
alized glaucoma coaching program. If the patient was inter-
ested, the research associate obtained verbal consent to ask
208 AMERICAN JOURNAL OF
if the patient instilled their own eye drops and to admin-
ister 2 surveys to ascertain glaucoma medication adherence
status. To be eligible for the study, participants had to speak
English, instill their own eye drops, and self-report poor
adherence on the 2 validated scales, the Chang adherence
measure20 and theMoriskyMedicationAdherence Scale.21

To obtain the highest probability of capturing truly nonad-
herent patients, patients had to self-report poor adherence
on both validated scales. Those who self-reported <95%
adherence over the past month on the Chang measure
and scored <_6 on the Morisky scale were considered to
have poor adherence by self-report. Participants who did
not speak English were excluded from participation, as
the counseling program is delivered in English. The sample
size estimates were calculated to assess the initial impact of
the SEE program pilot study on glaucoma medication
adherence. The pilot study required enrolling 46 partici-
pants with <_80% adherence to provide 80% power to
detect at least a relative improvement of 15% in adherence
with a type 1 error of 5%. These estimates were based on
the work of Okeke and associates,22 where a 20-
percentage-point increase in medication adherence was
found after a personalized education program among partic-
ipants with glaucoma with <75% adherence to their glau-
coma medications. Figure 1 is the flow diagram of
participant recruitment and enrollment.
Once a potential participant met inclusion and exclu-

sion criteria, including poor self-reported adherence, they
were invited to participate in the SEE program pilot study
and a baseline study visit was scheduled. At the baseline
study visit, written informed consent was obtained, during
which the process for ascertaining medication adherence
through electronic monitoring was explained. This study
was approved by the University of Michigan Institutional
Review Board and followed all of the tenets of the Declara-
tion of Helsinki.

� SURVEY AND ADHERENCE MEASURES: At the baseline
study visit, participants completed a survey that incorpo-
rated 4 scales of psychological wellness validated in popu-
lations with chronic disease: perceived stress and
resiliency, consideration of future consequences,
glaucoma-related distress, and social support. The Cohen
Perceived Stress Scale (PSS)23 measured perceived stress
and resiliency. The PSS contains 10 items and is assessed
on a scale from 0 to 40 (Cronbach’s a ¼ 0.75-0.87).23

The Consideration of Future Consequences Scale (CFC)
measured insight into how current behavior affects future
status. The CFC contains 12 items and is assessed on a scale
from 12 to 60 (Cronbach’s a¼0.80-0.86).24 As no scale ex-
ists to specifically assess social support related to glaucoma,
the Diabetes-Specific Social Support Needs Scale (SSNS)
was adapted to glaucoma to assess perception of positive so-
cial support. The SSNS contains 3 items assessed on a scale
from 3 to 21, where higher scores indicate increased social
support (Cronbach’s a ¼ 0.52-0.69).25 Two additional
AUGUST 2020OPHTHALMOLOGY
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FIGURE 1. Study participant flow diagram. EHR [ electronic health record.
questions ascertained awareness of glaucoma within a
participant’s social network, asking whether or not the in-
dividual knows or knew someone with glaucoma and, if
they do or did, whether that person had experienced vision
loss (Appendix; Supplemental Material available at AJO.
com).

Disease-related distress is emotional distress resulting
from troublesome symptoms, arduous self-management
regimens, fear of complications, or loss of function from
a chronic illness over and above perceived daily stress
and underlying mental illness.26 The National Institute
of Health has underscored the importance of creating pro-
grams to decrease diabetes-related distress given its impact
on important diabetes outcomes, including glycemic con-
trol.9 We wanted to test whether disease-related distress
might also be associated with glaucoma self-management
behaviors. In research about diabetes-related distress,
worry about possible long-term complications and, ironi-
cally, a sense of anxiety or guilt surrounding the subject’s
perception of poor adherence were the items that most
predicted poor diabetes medication adherence.27 No scale
exists to specifically assess glaucoma-related distress.
Because emotional burden and medication regimen were
related to medication adherence in diabetes, we included
items from the emotional burden and regimen-related
VOL. 216 PSYCHOSOCIAL PREDICTORS OF GLAU
distress subscales in our assessment of glaucoma-related
distress. We adapted a single question from the emotional
burden subscale and 2 items from the regimen-related
distress subscale from the Diabetes Distress Scale to glau-
coma self-management.27 The 3 items we chose to assess
glaucoma-related distress for our Glaucoma Distress Scale
(GDS) were assessing whether people felt overwhelmed,
angry, or like they were failing living with glaucoma.
Each item on the GDS is assessed on a scale from 1 to
6, where higher numbers represent higher levels of
distress.
Demographic information including income, education,

race, ethnicity, and sex were ascertained from self-report.
Functional health literacy was measured using the Func-
tional Health Literacy Scale (3-item scale from 0 to 12;
higher scale represents worse health literacy).28 Data
regarding mental health diagnoses, glaucoma severity,
and best-corrected visual acuity were extracted from the
electronic medical record. Best-corrected Snellen visual
acuity was transformed to logMAR scale for analyses.
Depression was further assessed for severity using the Pa-
tient Health Questionnaire (PHQ-9) scale (scale 0-27).29

The scale assesses severity of depression as follows: no
depression, <_9; mild depression, 10-14; major depression,
moderate, 15-19; major depression, severe, >_20.
209COMA MEDICATION ADHERENCE
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TABLE 1. Demographics and Clinical Data

Frequency Percentage

All 95 100.0%

Sex, female 47 49.5%

Race

White 52 54.7%

African American 33 34.7%

Asian American 8 8.4%

Othera 2 2.1%

Ethnicity

Non-Hispanic 90 98.9%

Hispanic 1 1.1%

Missing 4

Age (y)

40-59 32 33.7%

60-69 34 35.8%

70-88 28 29.5%

Income ($ [thousands])

<25 17 18.9%

25-50 25 27.8%

51-100 28 31.1%

>100 20 22.2%

Missing 5

Insurance: no 3 3.2%

Education

Less than high school 3 3.2%

High school diploma 9 9.5%

Some college 23 24.2%

College degree 33 34.7%

Graduate degree 27 28.4%

Visual acuity, better eye

20/20 61 64.2%

20/21-20/29 20 21.1%

20/30 or worse 14 14.7%

Visual acuity, worse eye

20/20 34 35.8%

20/21-20/29 22 23.2%

20/30 or worse 39 41.1%

Glaucoma severity, better eye

Suspectb 36 38.3%

Mild 19 20.2%

Moderate 16 17.0%

Severe 23 24.5%

Missing 1

Glaucoma severity, worse eye

Suspect 18 19.1%

Mild 19 20.2%

Moderate 16 17.0%

Severe 41 43.6%

Missing 1

Any mental health diagnosis: yes 35 36.8%

Depression diagnosis: yes 30 31.6%

Anxiety diagnosis: yes 13 13.7%

PHQ-9 categories

0-9, no depression 88 93.6%

10-14, minor depression 4 4.3%

Continued on next page
� MEDICATION ADHERENCE: Medication adherence was
monitored using an electronic medication events moni-
toring system (MEMS; AdhereTech, New York, New
York, USA) for 3 months. Each glaucoma medication
was placed into a MEMS bottle that looked like a large
pill bottle. The bottle was labeled with the name of the
medication and a color-coded sticker was placed around
the bottle to correspond to the color of the glaucoma medi-
cation’s top. Each time the MEMS bottle was opened, the
time and date stamp of this event was sent through the
cellular data network to our secure database. Participants
were aware that their adherence was being monitored.

An adherent event was defined as taking medication
within a specified time window.18 For a once-daily medica-
tion, an adherent event was defined as taking the medica-
tion within 24 6 4 hours of the previous day’s dose. For a
twice-daily medication, an adherent event was defined as
taking the first medication dose within 24 6 2 hours of
the previous day’s first dose, and taking the second medica-
tion dose within 24 6 2 hours of the previous day’s second
dose. For a 3-times-daily medication, an adherent event
was defined as taking the medication dose (first, second,
or third) within 246 1.3 hours of the previous day’s corre-
sponding medication dose (first, second, or third). For a 4-
times-daily medication, an adherent event was defined as
taking the medication dose (first, second, third, or fourth)
within 24 6 1 hours of the previous day’s corresponding
medication dose. We included this time window because
the biologic efficacy of medications declines when not
taken on time.30–32

When calculating adherence for medications dosed
more than once a day, we compared the current day’s doses
to the previous day’s doses rather than simply the previous
dose (eg, second vs first or third vs second), as lifestyle and
sleeping patterns can result in medication times that are
not equally spaced. This method of calculating adherence
also allows for large shifts, such as changing shift times or
going on vacation, or gradual changes in times when med-
ications are taken without overly penalizing the patient.
Additionally, this method of measuring adherence ensures
that times when a bottle is opened multiple times just prior
to a clinic visit does not inflate the overall adherence
metric.

For participants on more than 1 medication, adherence
was first measured at the medication level and then aggre-
gated to the person level by dividing the total number of
doses of all medication(s) taken on time by the total num-
ber of doses of all medication(s) prescribed. Adherence was
thus measured as a continuous variable on a scale from zero
to 100, each representing the percentage of prescribed glau-
coma medication doses that were taken as scheduled. For
each person, the adherence percentage was calculated
monthly during the 3-month monitoring period and the
median of the 3 monthly percentages was used as the
outcome variable ‘‘glaucoma medication adherence’’ for
that person.
210 AUGUST 2020AMERICAN JOURNAL OF OPHTHALMOLOGY



TABLE 1. Demographics and Clinical Data (Continued )

Frequency Percentage

15-19, moderate major depression 2 2.1%

20-27, severe major depression 0 0.0%

Missing 1

Adherence

0-40% 6 6.3%

41%-60% 16 16.8%

61%-80% 31 32.6%

81%-100% 42 44.2%

a‘‘Other’’ denotes that the participant did not identify as white,

African-American, or Asian.
bThe ‘‘Suspect’’ grouping includes those with a diagnosis of

‘‘glaucoma suspect’’ and those with a diagnosis of ‘‘ocular

hypertension.’’
� STATISTICAL ANALYSES: Categorical variables were
summarized by counts and percentages of nonmissing
values. Quantitative variables were summarized by means
and standard deviations. Adherence was assessed monthly
and the mean of the median adherence score was calcu-
lated. Histograms and box plots were used to inspect and
compare distributions. For responders with no missing
items, scales from surveys were computed by summation,
as recommended in the literature.27,33,34 For responders
with missing items, the average of nonmissing items was
computed and then multiplied by the number of items on
the scale. For each of the 4 psychological wellness scales,
we assessed the internal consistency with Cronbach’s a.

Simple linear regressions were fit separately to quantify
crude associations (via regression and/or correlation coeffi-
cients) of the primary outcome (glaucoma medication
adherence) with psychosocial factors, demographics, and
clinical variables. Inspection of regression diagnostics
revealed no outliers or influential observations. Several
multiple linear regression models were fit to investigate
the importance of the numerous predictors. First, the re-
gressions of adherence on each measure of psychological
wellness were adjusted for income, a known strong
confounder. Then, the association between GDS and
adherence was explored after including all potential
confounding variables from univariate analysis with P <
.1. The association between GDS and adherence was
further expanded to assess other possible confounders using
stepwise regression. To assess whether thesemodeling tech-
niques led to overfitting the model owing to limited sample
size, we fit a fourth multivariate regressionmodel with Least
Absolute Shrinkage and Selection Operator (LASSO)
technique to identify the most significant potential
confounding factors.34 Coefficients were interpreted as
the average change in adherence associated with a 1-unit
change in the independent variable, all else held equal.
Variance of adherence explained by its linear association
VOL. 216 PSYCHOSOCIAL PREDICTORS OF GLAU
with GDS was measured by partial R2. Multicollinearity
was assessed by variance inflation factors and was minimal.
Analyses were conducted in R version 3.6.1 (R Founda-

tion for Statistical Computing, Vienna, Austria).
RESULTS

A TOTAL OF 147 INDIVIDUALS MET INCLUSION AND EXCLU-

sion criteria for the study and had poor self-reported glau-
coma medication adherence. One hundred individuals
consented to participate in the study (68% response rate)
(Figure 1). Three months of electronic medication moni-
toring data and survey responses were obtained from 95 par-
ticipants. Adherence to chronic ocular hypotensive
therapy among study participants was a mean of 74% 6
21% (mean 6 standard deviation, SD) (Table 1). The
study population was 49% female, 97% had health insur-
ance, and 63% had a college degree. The population was
diverse, with 35% African-American participants and 8%
Asian participants. Income was distributed fairly evenly
in 4 categories (<$25,000, 19%; $25,000-$50,000, 28%;
$51,000-$100,000, 31%; and >$100,000, 22%). Though
nearly two-thirds of participants (64%) had 20/20 vision,
glaucoma severity ranged from suspected glaucoma to se-
vere glaucoma. Although participants with severe mental
illness were excluded from participation, more than one-
third (37%) of participants had a diagnosis of depression,
anxiety, and/or other less severe mental illness. Average
PHQ-9 score was 3.1 6 3.5. Ninety-four percent of partic-
ipants did not have depression (PHQ-9 score 0-9); 4% had
mild depression (PHQ-9 score 10-14); 2% had major
depression, moderate (PHQ-9 score 15-19), and no partic-
ipants had severe major depression (PHQ-9 score >_20)
(Table 1). Average functional health literacy score was
1.9 6 2.2.

� PSYCHOLOGICAL FACTORS: The 95 participants’
glaucoma-related distress as measured by GDS (Table 2)
was relatively low (mean ¼ 5.6, SD ¼ 3.0 on a 3-18 scale).
Item 2 (‘‘[I feel] that I am often failing with my glaucoma
routine’’) had the highest mean (2.1, SD ¼ 1.3, on a 1-6
scale). The CFC, measuring awareness of future conse-
quences, had a mean of 43 (SD ¼ 8, on a 12-60 scale);
the PSS, measuring perceived stress, had a mean of 12
(SD ¼ 7, on a 0-40 scale); and the SSNS, measuring
perceived social support, had a mean of 13 (SD ¼ 5, on a
3-21 scale). To assess participants’ social networks, we
found that most participants (78%) knew someone with
glaucoma. Of those, 8% knew someone who had gone blind
from glaucoma, 30% knew someone with lots of vision dif-
ficulty, 47% knew someone with some vision difficulty, and
15% knew someone with glaucoma who had maintained
normal vision.
211COMA MEDICATION ADHERENCE



TABLE 2. Summary of 4 Scales and Responses to Items on Glaucoma Distress Scale

Scale Scale Range Responses, N Mean SD

Glaucoma Distress Scale (GDS) 3-18 95 5.6 3.0

GDS Q1 1-6 95 1.8 1.2

GDS Q2 1-6 94 2.1 1.3

GDS Q3 1-6 95 1.6 1.1

Consideration of Future Consequences

(CFC)

12-60 95 43.4 8.0

Perceived Stress Scale (PSS) 0-30 95 12.3 6.5

Social Support Needs Scale (SSNS) 3-21 94 13.4 1.9

Functional Health Literacy (FHL) 3-15 95 1.9 2.2

Patient Health Questionnaire (PHQ-9) 0-27 94 3.1 3.5

GDS Item Responsesa

Question 1 Question 2 Question 3

Freq % Freq % Freq %

(1) Not a problem 53 55.8% 40 42.6% 61 64.2%

(2) A slight problem 22 23.2% 29 30.9% 20 21.1%

(3) A moderate problem 9 9.5% 10 10.6% 6 6.3%

(4) A somewhat serious problem 7 7.4% 8 8.5% 4 4.2%

(5) A serious problem 2 2.1% 5 5.3% 3 3.2%

(6) A very serious problem 2 2.1% 2 2.1% 1 1.1%

Missing 0 1 0

Freq ¼ frequency.
aGlaucomaDistress Scale (GDS) questions: ‘‘Thinking back to the past 4weeks, howmuch, if any have the following problems bothered you?

(Question 1) Feeling overwhelmed by the demands of living with my glaucoma; (Question 2) Feeling that I am often failing with my glaucoma

routine; (Question 3) Feeling angry about having to live with glaucoma.’’
� INTERNAL CONSISTENCY OF THE SURVEY SCALES: To
assess the internal consistency of the GDS, we calculated
Cronbach’s a as 0.74 (95% confidence interval [CI] 0.65,
0.83). For the SSNS in a glaucoma population, Cronbach’s
a was 0.77 (95% CI 0.68, 0.85). For the PSS in our popu-
lation, Cronbach’s a was 0.88 (95% CI 0.84, 0.92). Cron-
bach’s a for the CFC in our population was 0.85 (95% CI
0.80, 0.89).

� UNADJUSTED ASSOCIATIONS WITH ADHERENCE:

Glaucoma medication adherence was significantly associ-
ated with income and education. The higher the level of
attained education, the higher the adherence (P ¼ .02).
The higher the level of household income, the higher the
level of medication adherence (P < .0001) (Figure 2). In-
come accounted for approximately twice as much of the
variability in medication adherence as education did (R2

education ¼ 11.5%, R2 income ¼ 25.4%). There were no
significant associations between race and medication
adherence (P ¼ .2). In terms of clinical factors, there
were no significant associations between glaucoma medica-
tion adherence and severity of glaucoma in the better eye
or the worse eye, or better eye best-corrected vision or
worse eye best-corrected vision. Though there was no sig-
nificant association between diagnosed mental health con-
ditions and glaucoma medication adherence, though there
was a significant association between PHQ-9 score and
212 AMERICAN JOURNAL OF
glaucoma medication adherence. (R2 ¼ 8.8, P ¼ .004)
(Table 3).
In terms of psychological factors, the more importance

people placed on future consequences as measured by a
higher CFC score, the higher the adherence score (P ¼
.004, Table 3). The higher the amount of glaucoma-
related distress as measured by a higher GDS score, the
worse the adherence level (P < .0001, Figure 3, Table 3).
Glaucoma-related distress accounted for 22% of the vari-
ance of glaucoma medication adherence in univariate anal-
ysis. We assessed the association between each individual
glaucoma-related distress item and glaucoma medication
adherence. ‘‘Feeling overwhelmed by the demands of living
with my glaucoma’’ accounted for 11% of the variance in
glaucoma medication adherence (R2 ¼ 11%, P ¼ .0009).
‘‘Feeling that I am often failing with my glaucoma routine’’
accounted for 37% of the variance in glaucoma medication
adherence (R2 ¼ 37%, P < .0001). ‘‘Feeling angry about
having to live with glaucoma’’ accounted for 4% of the
variance in glaucoma medication adherence (R2 ¼ 4%,
P ¼ .04). There were no significant associations between
perceived stress, social support, or social network on adher-
ence to glaucoma medications.

� ADJUSTED ASSOCIATIONS WITH ADHERENCE: After
adjusting for income, glaucoma-related distress remained
a significant predictor of glaucoma medication adherence
AUGUST 2020OPHTHALMOLOGY



FIGURE 2. Box plot of the relationship between income and
glaucoma medication adherence.
(P ¼ .0002, Table 3), whereas consideration of future con-
sequences did not (P ¼ .2, Table 3). We included all cova-
riates that had a univariate association with glaucoma
medication adherence at the level of P< .1 (GDS, income,
education, age, PHQ-9 score, functional health literacy,
and CFC), the relationship between glaucoma-related
distress and medication adherence remained statistically
significant (P¼ .004, Table 4). When we used the stepwise
regression approach to choose covariates for the multivar-
iate model, GDS, income, CFC, age, and sex were included
as covariates and the relationship between glaucoma-
related distress and medication adherence remained signif-
icant (P ¼ .0016, Table 4). Because both of these models
chose different covariates, and the standard error for the
magnitude of the association between glaucoma-related
distress and medication adherence increased from 0.6 in
the crude model to 2.1 in the first model and 1.9 in the step-
wise regression model, we were concerned that the models
may be overfit given our limited sample size. Using the
LASSO technique selected only GDS and a low-income
indicator as covariates in the model and gave results be-
tween the model adjusted only for income (a beta coeffi-
cient of �4.8 compared to a beta coefficient of �2.4 in
the income-adjusted model and �6.3 in the stepwise
model). Therefore, we will discuss further the results from
the income-adjusted multivariate model, which is a more
conservative estimate of the effect size than the other
models. In the income-adjusted model, every 1-point in-
crease on the 18-point glaucoma-related distress scale was
associated with a 2.4-percentage-point decrease in glau-
coma medication adherence (P ¼ .0002, Table 4). This
multivariate model predicted 36% of the variance in glau-
coma medication adherence. The partial R2 for glaucoma-
related distress in this model was 15%, meaning that after
adjusting for the significant confounder of income,
glaucoma-related distress accounted for 15% of the
VOL. 216 PSYCHOSOCIAL PREDICTORS OF GLAU
variance in medication adherence. The partial R2 for in-
come was also 15%.
DISCUSSION

IN THIS STUDY WE EXPLORED THE RELATIONSHIP BETWEEN

electronically monitored glaucoma medication adherence
and the following baseline SEE program pilot study partic-
ipant factors: demographics, glaucoma severity, perceived
stress, disease-related distress, social support, and insight
into future consequences. Lower levels of income and edu-
cation both significantly predicted worse medication
adherence. Glaucoma severity, mental health diagnosis,
and race did not predict medication adherence in our sam-
ple. Of the 4 psychosocial factors we assessed, only
glaucoma-related distress was found to have a statistically
significant association with medication adherence after
adjustment for confounding variables. In univariate anal-
ysis, those who put less weight on future consequences
were more likely to have poor medication adherence. After
adjusting for income, this association was no longer signif-
icant. Our study results demonstrate that a higher level of
glaucoma-related distress owing to perceived disease
burden is associated with lower adherence to a chronic
glaucoma medication regimen, independent of sociodemo-
graphic factors.
This investigation is the first to establish a relationship

between glaucoma-related distress and adherence to
chronic ocular hypotensive therapy. In this study,
glaucoma-related distress was measured by the Glaucoma
Distress Scale, a preliminary adaptation of the Diabetes
Distress Scale for glaucoma. After adjusting for potential
confounders in a multivariate analysis, for every point in-
crease in glaucoma related distress on a 15-point scale
(from 3 to 18), we saw a 2.4-percentage-point decrease in
medication adherence. This means that a person who re-
ported a glaucoma-related distress score of 13 would have
an approximately 24-percentage-point worse medication
adherence compared to someone who reported a
glaucoma-related distress score of 3. The mean GDS score
in this cohort was 5.66 3.0, so a person reporting a level of
glaucoma-related distress 1 standard deviation above the
mean would have a 7.2-percentage-point worse adherence
than a participant reporting the mean level of glaucoma-
related distress. We found that the 3 items we used from
these 2 subscales, and particularly the item from the
regimen-related distress subscale, were significantly associ-
ated with poor medication adherence. The question about
regimen-related distress, ‘‘Feeling that I am often failing
with my glaucoma routine,’’ was highly correlated with
the median monthly adherence from 3 subsequent months
of electronic monitoring (crude R2¼ 37%, P< .0001). The
strength and magnitude of the relationship between a pre-
liminary assessment of glaucoma-related distress and
213COMA MEDICATION ADHERENCE



TABLE 3. Univariate and Bivariate Associations Between Medication Adherence and Glaucoma-Related Distress, Consideration of
Future Consequences, Perceived Stress, Social Support, Functional Health Literacy, and Depression (PHQ-9)

Scale Modela Coefficient SE P R2

Glaucoma Distress Scale (GDS) Crude �3.32 0.65 .0000 22.1

Adjusted �2.41 0.63 .0002 14.7

Consideration of Future Consequences (CFC) Crude 0.77 0.26 .0043 8.4

Adjusted 0.34 0.25 .1916 2.0

Perceived Stress Scale (PSS) Crude �0.52 0.33 .1191 2.6

Adjusted �0.07 0.30 .8241 0.1

Social Support Needs Scale (SSNS) Crude �0.16 0.45 .7174 0.1

Adjusted 0.25 0.38 .5155 0.5

Functional Health Literacy (FHL) Crude �1.70 0.96 .0805 3.2

Adjusted �0.74 0.84 .3819 0.9

Patient Health Questionnaire (PHQ-9) Crude �1.79 0.60 .0037 8.8

Adjusted �1.14 0.52 .0316 5.4

aAdjusted models are adjusted for income.

FIGURE 3. Relationship between glaucoma related distress and
glaucoma medication adherence.
medication adherence underscores the next important step
in this research trajectory: developing a validated scale to
use as a patient-centered outcome measure to assess
glaucoma-related distress. This will require a larger sample
of glaucoma patients with varying levels of medication
adherence so that the results generalize better to the glau-
coma population as a whole.

Our result that glaucoma-related distress, independent of
mental illness, is associated with adherence is a finding that
mirrors that of previous studies in the diabetes literature.
Multiple prior studies have identified that diabetes
disease-related distress has an impact on health outcomes
even after adjusting for comorbid mental illness. Two sepa-
rate groups found that diabetes-related distress was associ-
ated with poor diabetes medication adherence, after
adjusting for both the presence of and severity of depres-
sion.35,36 In one study, a higher level of diabetes-related
distress was significantly associated with a higher hemoglo-
bin A1C (HbA1c) value, where a 10-point increase in
diabetes-related distress was related to a 2.1-point increase
in HbA1c, a large clinical impact. In contrast, depression
severity was not significantly related to HbA1c. These find-
ings suggest that disease-related distress has an indepen-
dent impact on health outcomes in addition to comorbid
depression. Both disease-related distress and depression
should be assessed and addressed to improve chronic dis-
ease self-management, both among patients with diabetes
and among patients with glaucoma.

Importantly, we also found that income was a very
important driver of medication adherence, accounting for
15% of the variance in medication adherence in a model
adjusting for the impact of glaucoma-related distress. There
is a robust literature that demonstrates the impact of low
income on health outcomes. Our finding that people
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with lower household incomes were significantly more
likely to have poor medication adherence echo this. Cost
is a significant barrier to medication adherence for those
with many chronic medical conditions and may also be a
significant barrier in our population, even though 97% of
our sample population had health insurance.36,37 In 2016,
Raj and associates studied income data from de-identified
tax records and mortality records from the Social Security
Administration and generated life expectancy predictions
for 40-year-olds in the United States. They found stark dis-
parities in mortality by household net income—life expec-
tancy was 4.5 years lower in those in the lowest income
quartile compared to those in the highest income quar-
tile.38 In the United States, poor adults are 5 times as likely
AUGUST 2020OPHTHALMOLOGY



TABLE 4. Multivariate Models of the Association of Glaucoma-Related Distress and Glaucoma Medication Adherence

Variable

Model

Crude Income-Adjusted Univariate Screena Stepwiseb

Glaucoma Distress Scale, P <.0001 .0002 .0038 .0016

Coefficient (SE) �3.3 (0.6) �2.4 (0.6) �6.4 (2.1) �6.3 (1.9)

Income, P .0031 .0672 .0109

(0) <25K, coefficient (SE) <ref> <ref> <ref>

(1) 25-50K, coefficient (SE) 11.5 (5.0) 7.3 (4.9) 6.8 (4.9)

(2) 51-100K, coefficient (SE) 19.0 (5.2) 14.1 (5.2) 16.3 (5.0)

(3) >100K, coefficient (SE) 18.0 (5.6) 12.2 (6.1) 15.4 (5.7)

PHQ-9, P 0.5313

Coefficient (SE) �0.32 (0.51)

FHL, P 0.8841

Coefficient (SE) �0.12 (0.84)

CFC, P 0.0665 0.0778

Coefficient (SE) 0.44 (0.23) 0.41 (0.23)

Age, P 0.0277 0.0024

Coefficient (SE) 0.40 (0.18) 0.50 (0.16)

Sex, P 0.0202

Male, coefficient (SE) �7.7 (3.2)

Education, P 0.5702

(1) HS diploma or less, coefficient (SE) <ref>

(2) Some college, coefficient (SE) �6.5 (5.8)

(3) College diploma, coefficient (SE) �2.6 (5.7)

(4) Graduate school, coefficient (SE) �0.6 (6.1)

Model R2 22.1% 36.4% 48.7% 50.8%

Partial R2 for GDS 22.1% 14.7% 10.4% 12.2%

Partial R2 for Income 14.9% 8.8% 13.4%

CFC¼Consideration of Future Consequences; FHL¼ Functional Health Literacy; GDS¼Glaucoma Distress Scale; HS¼ high school; PHQ-

9 ¼ Patient Health Questionnaire-9; SE ¼ standard error.
aModel includes all variables having P < .1 in univariate model for adherence.
bStepwise regression by Akaike Information Criterion starting with GDS only model.
to report being in poor or fair health compared to those who
have income 400% above the federal poverty level.39 Simi-
larly, lower educational attainment has a large impact on
overall health status. An additional 4 years of education
lowers 5-year mortality by 1.8 percentage points, reduces
the risk of heart disease by 2.16 percentage points, and
lowers the risk of diabetes by 1.3 percentage points.40

Poverty and lower education may contribute to poor medi-
cation adherence and poor overall health in myriad ways
over and above simply the cost of the medication. Limited
resources and limited education make it difficult for people
to choose between day-to-day necessities and medication.
People with lower income also have to prioritize which
medications they ‘‘really can’t miss.’’41 Accessing transpor-
tation to the doctor and pharmacy can be a challenge.
Scheduling in medical care and visits to the pharmacy
can also be challenging if people’s work schedules are not
regular or their work has limited flexibility.42 Understand-
ing the importance of managing a chronic disease can also
be impacted by educational attainment.43 Poverty and low
VOL. 216 PSYCHOSOCIAL PREDICTORS OF GLAU
educational attainment play a significant role in mediating
people’s ability to optimally self-manage their glaucoma.
We hypothesized that social support, social network,

perceived stress, and future orientation would all be associ-
ated with glaucoma medication adherence, but did not find
these associations in this sample. In the univariate analysis,
we found that CFC was related to adherence. CFC was
highly correlated with income, as when we adjusted for in-
come alone the association between CFC and medication
adherence was no longer significant. It may be that those
with lower income are less able to focus on future conse-
quences as they are struggling to stay afloat day-to-day.44

Many previous studies have established race as a predic-
tor of poor adherence, identifying African-American pa-
tients as those least likely to adhere to chronic medical
regimens, after adjusting for economic status and educa-
tion.45–48 We did not find race to be a significant
predictor of medication adherence in our sample. It is
possible that previous studies did not sample a sufficiently
diverse population to tease apart the impact of race,
215COMA MEDICATION ADHERENCE



income, and education on medication adherence. The
majority of participants in our study sample had a college
degree or graduate degree. The average personal income
was nearly twice that of the national average. We
hypothesize that because our study participants were
largely well educated and of a higher socioeconomic
status, the impact that was attributed to race in previous
studies was not found in our study.

We also hypothesized that positive social support would
be associated with higher levels of adherence because social
support has consistently been linked to better health out-
comes among adults with chronic conditions. For example,
a meta-analysis of 50 studies found that practical social sup-
port was most consistently associated with greater medica-
tion adherence.49 A study of individuals with type 2
diabetes found that support systems improve health out-
comes among those with chronic conditions by amelio-
rating the effect of disease-related distress.50 However, we
did not find a significant association between social support
and adherence, or a moderating effect of social support on
the relationship between disease-related distress and adher-
ence. This may be due to our limited sample size or due to
the instrument used to measure social support, which we
adapted from the diabetes literature for the glaucoma
population.

The strengths of this study lie in the diversity of the sam-
ple and the accuracy with which adherence was measured.
Electronically monitoring glaucoma medication adherence
is the gold standard in adherence assessment. However, this
study also has a number of limitations. The use of electronic
medication monitoring, though the current gold standard,
is still limited as participants may open the container and
not take the medication, forget to place the bottle of medi-
cation back into the electronic monitor, take an incorrect
number of drops, or take the medication but not get the
drop into the eye. Because we were assessing baseline psy-
chosocial characteristics of participants enrolled in a 2-
year pilot study of a personalized glaucoma coaching pro-
gram and all participants had to have poor self-reported
medication adherence to enroll, the population is not
reflective of the general population with glaucoma. Had
the study included participants with a wider range of glau-
coma medication adherence, we might have found an asso-
ciation with glaucoma severity and mental health
diagnosis. In addition, 97% of participants had health in-
surance and 63% had a college degree, which further limits
the generalizability of the findings. We excluded partici-
pants with severe mental illness. Had this not been an
exclusion criterion, we may have seen an association be-
tween mental illness and medication adherence. The lack
216 AMERICAN JOURNAL OF
of a validated instrument to capture glaucoma-related
distress may have limited our analysis. In addition, because
the scale was originally developed to assess diabetes-related
distress and not glaucoma-related distress, there may be is-
sues with construct validity such that participants may not
have interpreted the items such as ‘‘Feeling that I am often
failing with my glaucoma routine’’ as a question assessing
their emotional burden but may have interpreted as a direct
assessment of how well they are taking their medications.
Because of the identified importance of this construct,
future work will focus on developing and validating a
glaucoma-related distress scale. Further, the association
presented between glaucoma-related distress and medica-
tion adherence is noncausal; further prospective research
using a randomized controlled trial design would better
establish this relationship. The lack of a validated instru-
ment to measure social support may have limited our anal-
ysis of this important construct as well.
Our study suggests that glaucoma-related distress is an

important patient-centered outcome measure to help iden-
tify populations at risk for poor adherence. Our findings
suggest that assessing patients’ glaucoma-related distress us-
ing a brief screen—as many practices do now for diabetes-
related distress—and providing these patients with
increased self-management support may improve people’s
overall experience with their glaucoma care. Creating in-
terventions to decrease glaucoma-related distress may
also improve medication adherence among glaucoma pa-
tients. Decreasing glaucoma-related distress may improve
the quality of glaucoma care and clinical outcomes.
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