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Purpose: To identify risk factors for poor adherence to topical once daily therapy for glaucoma.
Design: Prospective, observational cohort study.
Participants: A total of 196 patients with glaucoma who were being treated with a prostaglandin analog in

1 or more eyes at the Scheie or Wilmer Eye Institutes between August 2006 and June 2007.
Methods: Demographics, ocular history, and responses to interview questions about glaucoma knowledge,

health beliefs, and drop-taking behaviors were obtained from each patient. All patients used the Travatan Dosing
Aid (DA; Alcon Laboratories Inc., Fort Worth, TX) to administer travoprost as prescribed. Devices were collected
at 3 months, and the data of drop use were downloaded using software provided with the DA. Patients taking
�75% doses during the 8-week period starting 2 weeks after the enrollment visit and ending 2 weeks before the
3-month visit were compared with those taking �75% of doses.

Main Outcome Measures: Risk factors for poor adherence.
Results: Eighty-seven patients (44.4% of the 196 subjects with evaluable data at 3 months) used the DA on

75% or less of the monitored days. In univariate analysis, poorer adherers were more likely to be �50 or �80
years of age, to be African American, to report less than excellent health, to report higher amounts of depression,
to have lower income, and to be treated at the Scheie Eye Institute. Multivariate analysis (adjusting for education
and income) found that age, race/ethnicity, and less than excellent health were associated with poor adherence.

Conclusions: Those who failed to take more than 75% of eyedrop doses were more likely to be African
American and to report poor health. Those in the youngest and oldest age groups were less adherent, although
this finding was not always statistically significant. Further research into the factors driving these associations
and into developing predictive models to assist in screening for low adherence are warranted.
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Adherence to medical therapies for chronic diseases is known
to be suboptimal, with approximately 70% of prescribed doses
taken.1–8 These findings are consistent across many disease
states and have recently been documented in multiple studies
to be similar for patients with glaucoma using topical ocular
hypotensives.9–11 Physicians cannot accurately predict who is
complying with medical therapy,12–14 and this failure frustrates
effective intervention among the least adherent individuals. To
improve the efficacy of glaucoma treatment, we must both
identify patients who are poorly adherent and develop inter-
ventions that improve drop-taking behavior.

Becker and Maiman15 reviewed social and psychologic
factors associated with adherence to medical recommenda-
tions and medication use including motivators, such as
concern about the illness, beliefs (e.g., likelihood of treat-
ment success), and demographics, to create a model sum-
marizing patient behaviors. A recent major review summa-
rized the known associations with poor adherence, and these
include psychologic problems (especially depression) and
cognitive impairment.16 Furthermore, the authors noted that
adherence is worse when the following are present: asymp-

tomatic diseases, barriers to obtaining medications, complex
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treatments, high cost of medications, and a poor doctor–
patient relationship.

These analyses for systemic disease treatments are con-
sistent with recent findings on patient adherence to topical
glaucoma agents. Patient concern about glaucoma and cost
of medications was associated with poor adherence in pa-
tients with glaucoma, calculated from pharmacy refill data
and interviews.17 Other factors associated with poor ocular
adherence included ethnicity, traveling away from home,
learning about glaucoma exclusively from the doctor, and
not reporting medication side effects. Pharmacy claims are
a surrogate for patient adherence with therapy;18,19 elec-
tronic monitoring is a more accurate, direct measure.20

We report on the risk factors associated with poor ad-
herence to topical ocular hypotensive agents as documented
over 3 months with an electronic monitor attached to bottles
of prostaglandin eyedrops.

Patients and Methods

The study protocol has been published.14 In brief, patients 18 years

of age or older taking a prostaglandin eyedrop for open-angle
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glaucoma, angle-closure glaucoma, or ocular hypertension were
recruited from the Glaucoma Services of the Wilmer Eye Institute
and the Scheie Eye Institute. Institutional review boards at both
centers approved the study protocol, and written informed consent
was obtained from all study subjects. Subjects who underwent eye
surgery during the study were censored at the time of surgery.
Patients were excluded if they were unable to understand the study,
did not instill their own drops, or were incapable of using the
Travatan Dosing Aid (DA; Alcon Laboratories Inc., Fort Worth,
TX) device despite a practical demonstration.

Patient Recruitment and Follow-up
Consenting patients who were using latanoprost or bimatoprost
were switched to travoprost during the study because only its
bottle fits the electronic monitor. Sufficient travoprost bottles for
the study period were provided at no charge to participants. Base-
line demographic and medical information, including age, gender,
self-reported ethnicity, presence of comorbid diseases, ocular med-
ications and dosage, systemic medications and dosage, family
history of glaucoma, baseline untreated intraocular pressure (IOP)
of each eye (if available), length of past glaucoma treatment and
types of past ocular medication, including allergies and severe side
effects, and target IOP of each eye, were obtained from the chart.
We recorded whether prostaglandin eyedrops were prescribed uni-
laterally or bilaterally. Income level was estimated from home
address zip code. In addition, all IOP measures of each eye and
medications for the preceding 2 years were summarized for com-
parison with IOP measured during the study. Data for each eye
from the most recent visual fields and most recent evaluation of the
optic disc by clinical assessment, laser imaging, or photography
were also recorded.

Consenting patients responded to a brief self-administered
questionnaire on attitudes about eyedrop taking, their own assess-
ment of their adherence with topical ocular hypotensives, self-
reported health,21 and presence of depression (using the 10-item
Center for Epidemiologic Studies Short Depression scale).22 They
were also asked about the impact of glaucoma on their vision and
attitudes and understanding of glaucoma.

The DA device records the time and date when the lever that
releases a drop of travoprost is depressed. Subjects were told that
the device records when the lever is depressed. All patients were
also told that the DA was being assessed for its ability to aid the
patient in delivering the eyedrops. Patients were instructed to use
the device to deliver their travoprost each night until the 3-month
follow-up visit. A telephone call was made at 1 week to ask if the
patient was having difficulty using the device. If there were prob-
lems, the patient was asked to return to the clinic to undergo repeat
instruction in using the DA, and the 3-month follow-up period was
restarted from that point. If the patient did not feel comfortable
using the device after the repeat instruction, the patient was re-
moved from the study.

Patients brought their DA device to the 3-month visit, the infor-
mation was downloaded, the battery was changed as necessary, and a
questionnaire was administered to estimate self-reported adherence
and satisfaction with the device. At the 3-month visit, visual acuity
and applanation IOP were measured. The downloaded data from
the DA were used to identify patients taking 75% or less of the
daily doses. Because it has been demonstrated that patient adher-
ence is artificially higher just after and before doctor visits,14,23 the
adherence rate was calculated from 2 weeks after the baseline visit
until 2 weeks before the follow-up visit. A dose was considered
taken if the lever of the DA was depressed and recorded within 4
hours of the routine dosing hour for the appropriate number of
eyes. For example, if 10 PM was the patient’s median dosing hour

and the prescribed medication was for unilateral use, then any dose
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taken between 8 PM and 12 AM was considered taken appropriately.
Because we recognized from our previous study24 that the device
has the potential to make extra recordings when the lever is
depressed, we did not count more than 1 dose taken per eye per day
in our adherence rate calculation. When the lever was depressed
outside the time window, it was assumed that a dose was not taken.

Statistical Analysis
Baseline characteristics were compared between the patient group
who took more than 75% of the doses (defined as “adherent”) and
the group who took 75% or less of the doses (“poorly adherent”),
using the Fisher exact test for comparison of proportions and the
Student’s t test for the comparison of means. Subjects with missing
data were excluded from the analysis. The identification of risk
factors for poor adherence started with the univariate logistic
regression models, comparing those with adherence greater than
and less than 75%, and with univariate linear regression models for
adherence rate as a continuous variable.

The risk factors associated with P�0.10 were included in the
multivariate models. Multivariate models were further simplified by
using stepwise selection to keep only statistically significant or mar-
ginally significant risk factors (P�0.10). Because of the right-skewed
distribution of the adherence rate (longer on the lower adherence
side), it was first log-transformed to a normal distribution by using the
formula: log adherence rate � log10 (1-adherence rate), and the
log-transformed adherence rate was then used in linear regression
models to identify significant risk factors associated with the adher-
ence rate.

Results

A total of 282 patients were identified between the 2 sites, 86
(30%) withdrew before 3 months, leaving 196 subjects (70%) with
complete data on drop-taking behavior at 3 months. Those who
completed the study were more likely to be male and white, and to
report “excellent” health than those who did not, but they did not
differ in ocular characteristics.14 Among demographic factors,
those associated with poorer adherence in the models using con-
tinuous adherence rate included age, ethnicity, health, and other
variables. Those aged younger than 50 years and older than 80
years had lower adherence rates than those between 50 and 80
years of age in univariate analysis (Table 1). African Americans
had lower mean adherence (0.64) than whites (0.77, P�0.001).
Furthermore, lower educational achievement and lower family
income were associated with lower mean adherence in univariate
analysis (P�0.05). Participants with a higher depression score or
worse self-reported overall health also had lower mean adherence
(P�0.01 for both). Attendees of the University of Pennsylvania
Scheie Glaucoma Service had lower adherence than those attend-
ing Johns Hopkins Wilmer Glaucoma Service. Similar associations
were seen when defining poor adherence categorically as taking
�75% of doses (Table 1).

Among ocular factors, those with higher visual field mean
deviation had a lower mean adherence (P � 0.06, test for trend)
and were more likely to have an overall adherence rate �0.75
(P � 0.03, test for trend, Table 2). Other ocular risk factors,
including the cup:disc ratio, the IOP, and the use of medication in
1 eye compared with both eyes, were not associated with the mean
adherence rate.

Patients’ attitudes and knowledge of glaucoma and their self-
reported use of topical ocular hypotensive agents were associated
with adherence rates in univariate analysis. Those who stated that
they used their eyedrops “every day” or “all but 1 or 2 days” in the

last 3 months at baseline had higher adherence rates (mean of 0.73
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and 0.74, respectively) than those who reported missing their drops
more often than this (mean adherence 0.50, Table 3). Similarly,
those who somewhat or strongly disagreed with the statement
“some days I forget to take one of my doses of glaucoma medi-
cines” had higher mean adherence rates than those who reported
otherwise (0.75 vs. 0.62, P�0.001, Table 3). Patients reporting
side effects had equal adherence rates to those not reporting them.

A correct understanding of glaucoma’s effects on vision and
glaucoma therapy was associated with better adherence. For ex-
ample, patients who agreed with the statement that glaucoma
treatment, “will keep my vision from getting worse” had a signif-
icantly higher mean adherence rate (0.73) than those who thought
that glaucoma treatment would “improve vision” or “not do much”
(0.54, P�0.01). Further evidence for the association between
knowledge and adherence was the finding of poorer adherence
among those who 1) did not know that topical ocular hypotensive
agents work by decreasing eye pressure (P�0.05) or 2) thought
that prostaglandins could be taken more than once per day or were
unsure of how often prostaglandins should be taken (P � 0.10).

Table 1. Univariate Baseline F

Risk Factors N
Adherence <75%;

n (%)

Age (yrs)
�50 22 15 (68.2%)
50–59 49 15 (30.6%)
60–69 53 23 (43.4%)
70–79 52 21 (40.4%)
�80 20 13 (65.0%)

Sex
Female 82 39 (42.6%)
Male 114 48 (42.1%)

Race
Black 90 53 (58.9%)
White 100 32 (32.0%)
Asian 6 2 (33.3%)

Education
Less than high school 18 12 (66.7%)
High school 49 22 (44.9%)
College 77 32 (41.6%)
Graduate school 50 19 (38.0%)

General health
Excellent 51 16 (31.4%)
Good 116 55 (47.4%)
Fair/poor 29 16 (55.2%)

Depression score
�0.1 72 26 (36.1)
0.1–0.3 44 18 (40.9)
0.3–0.7 38 21 (55.3)
0.7–2.5 42 22 (52.4)

Family income†

�35 K 48 29 (60.4)
35–50 K 47 19 (40.4)
50–75 K 42 17 (40.5)
�75K 53 21 (39.6)

Institute
Johns Hopkins 161 66 (41.0)
UPenn 35 21 (60.0)

SE � standard error; UPenn � University of Pennsylvania Scheie Eye In
Patients who did not complete the first 3 months of study were excluded
TX) without using the device during the study at least once per week we
*From the Fisher exact test.
†Based on zip code.
The number with such poor understanding on how often to take
drops was small, however, and the result was not statistically
significant.

In a multivariate analysis looking at mean adherence rate as a
continuous variable, those baseline variables associated with better
adherence were middle-aged group (50–79 years), white race, and
better general health (Table 4). In a logistic regression model with
poor adherence judged categorically as taking �75% of doses, the
same variables were associated with higher adherence: middle-
aged group (P�0.05), white race (P�0.05), and self-reported
excellent health (P � 0.06) (Table 5). A more extensive multivar-
iate model was constructed to include 3-month interview data as
independent variables with mean adherence rate as the dependent
variable. This model found that better adherence was associated
with age group 50 to 79 years, white race, excellent general health,
reporting taking drops either “every day” or “all but 1 or 2 days”
in the past 2 weeks, and reporting that glaucoma treatment will
“keep my vision from getting worse” as opposed to “improve
vision” or “not do much” (Table 6). Findings were similar when
the model including interview data was constructed with adher-

rs Associated with Adherence

P Value*
(Trend P Value)

Adherence Rate
Mean (SE)

P Value*
(Trend P Value)

0.01 0.005
0.60 (0.05)
0.77 (0.03)
0.73 (0.03)
0.72 (0.03)
0.60 (0.05)

0.47 0.08
0.67 (0.03)
0.74 (0.02)

0.0005 0.0005
0.64 (0.02)
0.77 (0.02)
0.80 (0.09)

0.20 (0.07) 0.15 (0.03)
0.56 (0.05)
0.69 (0.03)
0.73 (0.03)
0.76 (0.03)

0.07 (0.03) 0.01 (0.007)
0.78 (0.03)
0.70 (0.02)
0.62 (0.04)

0.16 (0.04) 0.07 (0.008)
0.76 (0.03)
0.73 (0.03)
0.70 (0.04)
0.61 (0.04)

0.12 (0.07) 0.02 (0.02)
0.61 (0.03)
0.74 (0.03)
0.74 (0.04)
0.74 (0.03)

0.04 0.74 (0.02) 0.006
0.59 (0.04)

te.
nts (n � 15) who used Travatan (Alcon Laboratories Inc., Fort Worth,
o excluded.
acto

stitu
; patie
re als
ence dichotomously as �75% of drops taken, except that 2 vari-

1099



Ophthalmology Volume 116, Number 6, June 2009
ables were no longer significant: self-reported health and the
reporting that glaucoma treatment will “keep my vision from
getting worse” (Table 7). Finally, patients were more likely to be
adherent if they somewhat or strongly disagreed with the statement
“some days I forget to take one of my doses of glaucoma medi-
cines” (odds ratio � 2.08; 95% confidence interval, 0.96–4.55),
but this result did not reach statistical significance.

Identical multivariate linear and logistic regression models
were constructed to assess our 90 African American participants
alone. In these, age �50 years and �80 years, worse general
health (P � 0.06), higher depression score, and clinic location
were associated with lower adherence in univariate analysis, as in
the larger study group. In addition, those taking medications for
�1 year were less adherent (0.53 vs. 0.67, P � 0.06). In a
multivariate model, age, general health, and clinic location re-
mained statistically significant for this subgroup.

Discussion

The current study adds substantially to previous work by
Kass et al12,25 that assessed predictors of adherence among
subjects taking pilocarpine eyedrops. We now have identi-
fied additional factors associated with lower adherence to
topical therapy, including African American ethnicity, poor
self-reported drop taking, poor patient knowledge about
glaucoma and its eyedrop treatment, and, in some analyses,
the extremes of age. In a previous study, patient self-report
was weakly but significantly correlated with actual adher-

Table 2. Univariate Baseline Glaucoma

Risk Factors N
Adherence <75%

n (%)

Worse Eye CDR
�0.7 55 26 (47.3)
0.7–0.9 112 51 (44.6)
�0.9 26 10 (38.5)

Mean deviation of worse eye
�5 db 83 32 (38.6)
5–15 db 50 20 (40.0)
�15 db 57 33 (57.9)

IOP of worse eye
�15 68 29 (42.7)
15–17 42 18 (42.9)
17–20 44 16 (36.4)
�20 42 24 (57.1)

Time using glaucoma medications
�1 yr 31 15 (48.4)
�1 yr 162 71 (43.8)

Use of medicine
Unilateral 49 22 (44.9)
Bilateral 147 65 (44.2)

Glaucoma Medications
Travoprost only 97 44 (45.4)
2 agents 66 29 (43.9)
�2 agents 33 14 (42.4)

CDR � cup:disc ratio; IOP � intraocular pressure; SE � standard error.
Patients who did not complete the first 3 months of study were excluded; p
at least once per week were also excluded.
*From the Fisher exact test.
ence as measured by an electronic monitor (R � 0.2).12
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However, the only predictors of adherence in a final multi-
variate model in that study were the weight of the bottle at
the end of the study, the size of the pupil on examination
(for patients taking pilocarpine), and physician estimate of
patient compliance. We have reported previously that phy-
sician estimates are correlated with patient adherence rates,
but poorly so, and they add little to the overall identification
of patients who are poorly adherent.14

The factors associated with adherence rate in this study
are similar to those previously reported in studies of patients
with other chronic diseases. In a literature review on sys-
temic therapy, Osterberg and Blaschke16 found that predic-
tors of poor adherence included treatment of asymptomatic
disease, lack of insight into the illness, and presence of
depression. These factors affect many patients with glau-
coma and were present in poor adherers in the current study.
Similarly, African American ethnicity has been reported as
a predictor of poor adherence in a recent study of lipid-
lowering therapy26 and was identified as a substantial risk
factor for lower use of glaucoma medicines in a study of
insured patients diagnosed with glaucoma in the United
States.17 African American ethnicity might appear as a risk
factor if covariables such as income level, educational
attainment, or general health status were systematically
associated with ethnicity. However, in our data, ethnicity
remained associated with poor adherence even after ad-
justment in multivariate analyses for these and other

ted Factors Associated with Adherence

P Value*
(Trend P Value)

Adherence Rate
Mean (SE)

P Value*
(Trend P Value)

0.77 (0.48) 0.77 (0.54)
0.70 (0.03)
0.70 (0.02)
0.74 (0.05)

0.06 (0.03) 0.14 (0.06)
0.75 (0.03)
0.67 (0.03)
0.69 (0.03)

0.26 (0.30) 0.38 (0.83)
0.72 (0.03)
0.69 (0.04)
0.76 (0.04)
0.67 (0.04)

0.70 0.13
0.64 (0.04)
0.72 (0.02)

1.00 0.32
0.69 (0.03)
0.72 (0.02)

0.96 0.34 (0.19)
0.68 (0.02)
0.73 (0.03)
0.74 (0.04)

ts (n � 15) who used Travatan without using the device during the study
-rela

;

atien
variables. Furthermore, we had substantial numbers of
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persons of both European and African derivation to com-
pare in these data. Adjustment may have been inexact for
income, because this was based on zip code alone. Note
that access to health care and cost of medications were not
possible factors in this study, because drugs were provided
free and participants were patients with insurance coverage
for visits.

The ethnic association with adherence is potentially
explained by factors unmeasured here that are associated

Table 3. Univariate Analysis of Factors Associated with Ad
Follow-Up

Risk Factors N

Past 3-mo glaucoma drop use
Every day 114
All but 1 or 2 days 61
Not for �2 days 20

Some days forget to take one of my doses of glaucoma medicines
Strongly/somewhat/neither agree 59
Somewhat/strongly disagree 136

Experienced any side effect
Yes 53
No 141

The most drops taken in 1 day for each treated eye is
1 181
2 or “don’t know” 15

These drops work primarily by
Lower eye pressure 164
Other/don’t know 32

Glaucoma treatment will
keep my vision from getting worse 169
improve vision or not do much 25

Use the glaucoma drops in past 2 wks
Every day 140
All but 1 or 2 days 36
Not �2 days 20

Some days I forgot to take one of my doses of glaucoma
medicines

Strongly/somewhat agree 63
Neither/somewhat/strongly disagree 127

I am the sort of person who follows doctor’s orders exactly
Strongly agree 148
Others 48

Using glaucoma medications every day may cause long-term
problems

Strongly/somewhat/neither agree 55
Somewhat/strongly disagree 140

I have an easy time remembering to take my Travatan once per
day

Strongly agree 146
Others 45

I don’t like the idea of using glaucoma drops
Strongly agree 29
Somewhat agree 20
Agree 12
Somewhat disagree 24
Strongly disagree 109

SE � standard error.
*From Fisher exact test.
†From the 1-way analysis of variance.
with ethnicity and that could influence patient decisions
regarding medication use. In a detailed review of patient–
doctor interactions, Cooper et al27 summarized a body of
publications that show that patient– doctor dynamics may
vary depending on the ethnicity of the physician and
the patient. This article points out that studies of inter-
actions with African American patients have shown that
physicians demonstrate less nonverbal attention, empa-
thy, courtesy, and information giving; are more technical
in their communications; spend less of the total time

ce �75% and Overall Adherence Rate using the 3-Month
tionnaire‡

dherence Rate <0.75
n (%) P Value*

Adherence Rate
Mean (SE) P Value†

0.003 0.0006
41 (36.0%) 0.73 (0.02)
30 (49.2%) 0.74 (0.03)
15 (75.0%) 0.50 (0.05)

0.0009 �0.0001
38 (64.4%) 0.62 (0.03)
48 (35.3%) 0.75 (0.02)

0.87 0.71
24 (45.3%) 0.68 (0.03)
62 (44.0%) 0.72 (0.02)

0.07 0.10
77 (42.5%) 0.72 (0.02)
10 (66.7%) 0.60 (0.06)

0.48 0.08
71 (43.3%) 0.72 (0.02)
16 (50.0%) 0.66 (0.04)

0.051 0.003
70 (41.4%) 0.73 (0.02)
16 (64.0%) 0.54 (0.05)

0.02 0.002
54 (38.6%) 0.74 (0.02)
19 (52.8%) 0.71 (0.04)
10 (70.0%) 0.48 (0.06)

0.03 0.01

35 (55.6%) 0.67 (0.03)
48 (37.8%) 0.74 (0.02)

0.22 0.13
62 (41.9%) 0.73 (0.02)
25 (52.1%) 0.66 (0.03)

0.34 0.21

28 (50.9%) 0.68 (0.03)
59 (42.1%) 0.72 (0.02)

0.24 0.04

60 (41.1%) 0.73 (0.02)
23 (51.1%) 0.66 (0.04)

0.08 0.13
12 (41.4%) 0.69 (0.04)
11 (55.0%) 0.66 (0.05)
1 (8.33%) 0.84 (0.07)

12 (50.0%) 0.65 (0.05)
51 (46.8%) 0.72 (0.02)
heren
Ques

A

educating African American patients, carrying on small
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talk, and answering questions; and are more verbally
dominant and exhibit more negative emotional tone than
with white patients.

In the present research, one physician was African
American, but the African American patients attending
her clinic were less well educated, more often depressed,
and had been taking medications for 1 year or less more
frequently than those treated by the European-derived
physicians at the other glaucoma service. It is not possi-
ble to draw firm conclusions about the effect of the race
of the physician on patient adherence. Further research is
needed to understand more clearly what factors produce
the lower adherence rate seen among African Americans
in the current study.

Some variables were present in the univariate analysis
but not in multivariate regression. Depressive symptoms

Table 4. Multivariate Analysis of Baseline Factors Associated
with Adherence Rate

Risk Factors N
Mean Adherence

Rate (SE)*
P Value†

(P Value for Linear Trend‡)

Age (yrs) 0.002
�50 22 0.60 (0.06)
50–59 49 0.78 (0.04)
60–69 53 0.76 (0.05)
70–79 52 0.75 (0.05)
�80 20 0.65 (0.06)

Race 0.002
Black 90 0.62 (0.03)
White 100 0.73 (0.03)
Asian 6 0.77 (0.09)

General
health

0.03 (0.02)

Excellent 51 0.77 (0.04)
Good 116 0.70 (0.03)
Fair/poor 29 0.65 (0.05)

SE � standard error.
*From least square means.
†For the test of any difference among levels of a risk factor.
‡From test of linear trend.

Table 5. Multivariate Analysis of Baselin

Risk Factors N Adherence <75%; n (%)

Age (yrs)
�50 22 15 (68.2%)
50–59 49 15 (30.6%)
60–69 53 23 (43.4%)
70–79 52 21 (40.4%)
�80 20 13 (65.0%)

Race
Black 90 53 (58.9%)
White 100 32 (32.0%)
Asian 6 2 (33.3%)

General health
Excellent 51 16 (31.4%)
Good/fair/poor 145 71 (49.0%)

CI � confidence interval.

*From multivariate logistic regression with the listed risk factors (ie, age, race,
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as measured using the 10-item Center for Epidemiologic
Studies Short Depression scale were associated with
lower adherence rates, but this association was not sta-
tistically significant after adjusting for other factors. Oth-
ers have found that depression is associated with lower
adherence.26,28,29 In one study, patients who had myo-
cardial infarction were interviewed before discharge,

ctors Associated with Adherence �75%

Odds Ratio (95% CI)* P Value Overall P Value

0.01
3.87 (1.25–12.0) 0.02
0.64 (0.27–1.52) 0.31

1.00
0.88 (0.39–2.00) 0.76
2.46 (0.80–7.58) 0.12

0.003
1.00

0.34 (0.17–0.63) 0.0008
0.38 (0.06–2.39) 0.30

0.06
1.00

2.11 (0.99–4.53) 0.06

Table 6. Multivariate Analysis of Factors Associated with
Adherence Rate

Risk Factors N‡
Mean Adherence Rate

(SE)* P Value†

Age (yrs) 0.005
�50 21 0.55 (0.06)
50–59 49 0.69 (0.04)
60–69 53 0.68 (0.05)
70–79 51 0.66 (0.05)
�80 20 0.55 (0.06)

Race 0.01
Black 89 0.54 (0.03)
White 99 0.62 (0.04)
Asian 6 0.72 (0.09)

General health 0.007
Excellent 49 0.67 (0.05)
Good/fair/poor 145 0.59 (0.04)

In past 2 wks I used my
glaucoma drops

0.0002

Every day 138 0.72 (0.04)
All but 1 or 2 days 36 0.67 (0.05)
Not for �2 days 20 0.48 (0.06)

Glaucoma treatment will 0.03
keep my vision from

getting worse
169 0.70 (0.04)

improve vision, or not
do much

25 0.55 (0.05)

SE � standard error.
*From least square means with all listed covariates in the multivariate
model.
†For the test of any difference among levels of a risk factor.
‡Two patients were excluded because of missing data in the question on
glaucoma treatment.
e Fa
general health) in the same model.
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and those who had higher scores on a depression inven-
tory were more likely to be poorly adherent to post-
hospitalization medical therapy.28 A recent meta-analysis
found that patients with depression are 3 times as likely
to fail to adhere to medical therapy or treatment recom-
mendations.5 The fact that depression was not statisti-
cally significant in the adjusted analysis may be due to
small sample size or a relatively limited range of reported
depressive symptoms in this clinic-based population of
patients willing to participate in clinical research. It
seems plausible that those who are depressed might be
less likely to take their glaucoma medicines. Future stud-
ies should assess this plausible hypotheses in greater
depth.

Lower adherence was found among patients with poor
knowledge of glaucoma treatments and those unaware of
what eyedrops do, how often they are taken, or what their
purpose is. Higher adherence has been demonstrated
among Korean hypertensive patients who were better
informed,30 but this was not found to be the case in a
Veterans Administration cohort studied in the United
States.29 We previously found that patients who derive all
their glaucoma information from physicians have lower
adherence than those who seek additional knowledge on
their own.17 Perhaps knowledge seeking beyond the of-
fice is a surrogate for a more proactive approach to one’s
own health care. We have also reported greater adherence
among those who were concerned about vision loss from
glaucoma.17 It may be that lack of knowledge and lack of
concern are synergistic factors leading to poor adherence.

Patients who admit to less than ideal use of medica-
tions indeed had lower adherence rates, even after adjust-
ment for other factors. Admitting to missing the pre-
scribed dose on 2 or more days in the past 2 weeks was

Table 7. Multivariate Analysis of Baseline and F

Risk Factors N† Adherence <7

Age (yrs)
�50 21 14 (66.
50–59 49 15 (30.
60–69 53 23 (43.
70–79 52 21 (40.
�80 20 13 (65.

Race
Black 90 53 (58.
White 99 31 (31.
Asian 6 2 (33.

In past 2 wks I used my glaucoma drops
Every day 139 53 (38.
All but 1 or 2 days 36 19 (52.
Not for �2 days 20 14 (70.

Some days I forgot to take one of my doses
of glaucoma medicines

Strongly/somewhat/neither agree 59 38 (64.
Somewhat/strongly disagree 136 48 (35.

CI � confidence interval.
*From multivariate logistic regression with the listed risk factors in the s
†One patient was excluded because of missing data in the question on us
associated with a substantial decrease in mean adherence,
but few patients confessed to this behavior. From this we
can speculate that asking patients in a nonjudgmental
way whether or not they are taking their medications and
how often they fail to take them might help to identify
those at risk. In fact, a predictive model based on the
findings from the present study had 46% sensitivity and
87% specificity for identifying those with adherence rates
�0.75. This means that administering a brief question-
naire to patients in the waiting room might be a potential
approach for identifying patients who are at substantial
risk of poor adherence.

Study Limitations

Limitations of our study include the fact that 85 study
participants (30%) failed to complete follow-up. Although
these persons were similar to those who completed the
study, they were more likely to be African American and
female, and to report worse general health.14 It is possible
that the associations may have been weaker or nonexistent
if the entire cohort had completed the study. In addition,
patients knew they were being monitored and may have
altered their behavior as a result, although this would be
expected to have made it more difficult for us to detect
certain risk factors. If some groups were more influenced by
this than others, associations may have occurred on this
basis. Finally, the sample size was modest such that some
weaker, but clinically important, associations may have
been missed.

This study of patients with glaucoma using eyedrops
with an electronic monitor shows that younger and older
patients, African Americans, and those in poor health have
lower adherence. Furthermore, those who admit to missing

-Up Factors Associated with Adherence �75%

n (%) Odds Ratio (95% CI)* P Value Overall P Value

0.06
1.55 (0.46–5.22) 0.48
0.51 (0.21–1.27) 0.15

1.00
1.01 (0.44–2.34) 0.97
2.88 (0.91–9.09) 0.07

0.004
1.00

0.33 (0.17–0.64) 0.0009
0.55 (0.08–3.52) 0.52

0.07
1.00

1.35 (0.64–2.83) 0.43
4.18 (1.22–14.2) 0.02

0.06

1.00
0.48 (0.22–1.04) 0.06

odel.
rops in past 2 wks.
ollow

5%;

7%)
6%)
4%)
4%)
0%)

9%)
3%)
3%)

1%)
8%)
0%)

4%)
3%)

ame m
doses are also taking less medication. A simple survey of

1103



Ophthalmology Volume 116, Number 6, June 2009
demographic factors and self-reported health may help to
identify many of those who are taking less than 75% of their
drops.
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