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Abstract

Purpose The purpose of this study was to
develop and evaluate the psychometric
properties of (a) a glaucoma medication self-
efficacy scale and (b) a glaucoma outcome
expectations scale.
Patients and Methods
developed: a glaucoma medication self-
efficacy scale and a glaucoma outcome
expectations scale. Packets containing (a) the
instruments and patient demographic
questions and (b) a letter explaining the study
were distributed to 225 glaucoma patients
from three ophthalmology practices between
August and December 2007. The instrument
was completed by 191 patients for a response
rate of 85%. Principal components factor
analysis with a varimax rotation and
Cronbach’s a reliability were used to

Two instruments were

analyse the data. To assess discriminant
validity, we administered the scales and two
self-reported measures of adherence in a
separate sample of 43 glaucoma patients who
were currently using at least one glaucoma
medication.

Results Our results yielded a 21-item
self-efficacy in overcoming barriers that
might interfere with the use of glaucoma
medications scale, a 14-item self-efficacy in
carrying out specific tasks required to use eye
drops correctly scale, and a four-item
glaucoma outcome expectations scale. Results
of the Cronbach’s a reliability indicated that
the scales are internally consistent. The self-
efficacy scales were both significantly
associated with two patient self-reported
measures of glaucoma medication adherence,
which show discriminant validity.

B Sleath'?, SJ Blalock?, A Robin®#, ME Hartnett®,
D Covert®, B DeVellis”® and A Giangiacomo®

Conclusions Eye care providers and
researchers can use these scales to identify
patients with low self-efficacy in using their
glaucoma medications and patients who do
not believe that following their eye care
providers” advice can help their vision.
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Introduction

Between 9 and 12% of all blindness in the
United States is attributed to glaucoma. '
The primary goal of glaucoma treatment is to
reduce intraocular pressure.>® Using available
glaucoma medications can significantly lower
intraocular pressure and reduce the progression
of glaucoma.*® However, despite the
availability of effective medications, non-
adherence and lack of persistence in using
prescribed therapy is a significant problem.®
Approximately 50% of the individuals who start
on glaucoma medications discontinue them
within 6 months.”®

Further, even when patients attempt to
adhere to their eye drop medications, research
has shown that patient performance during eye
drop administration is poor. In a recent study,
140 experienced glaucoma patients were video
taped when instilling their eye drops.” This
study found that 18% of patients missed their
eye when administering their drops, only 60%
of patients instilled the correct number of drops,
and 65% of patients contaminated the bottle by
touching it to the eye. Another study of 324
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glaucoma patients found that 20% of patients stated that
no one had shown them how to use their glaucoma
medications.'®

Social cognitive theory is a promising theoretical
framework for understanding glaucoma patients’
medication adherence and eye drop technique."
Self-efficacy is one of the key constructs in social
cognitive theory.'? Self-efficacy is defined as individuals’
personal beliefs regarding their capabilities to carry out a
specific task to achieve a desired outcome."*'* According
to social cognitive theory, if individuals have higher
self-efficacy or self-confidence that they can perform a
certain behaviour, such as taking eye drops, they are
more likely to undertake the behaviour.

Outcome expectations is another key construct in
social cognitive theory." Outcome expectations are
whether an individual believes that a certain behaviour
(e.g. taking eye drops) will have a positive impact on a
health condition (e.g. glaucoma)." According to social
cognitive theory, if an individual believes that taking eye
drops will help their glaucoma, then that individual is
more likely to take the eye drops than someone who does
not believe that they are helpful. Studies in HIV, diabetes,
asthma, and depression have found positive associations
between self-efficacy and (a) medication adherence
and (b) other disease-specific self-management
behaviours.'>! Very little work has examined how
patient outcome expectations impact medication
adherence and disease-specific self-management
behaviours.”

Instruments to assess self-efficacy and outcome
expectations have been developed and used in various
chronic conditions, such as hypertension, asthma,
osteoporosis, and arthritis®°, but to our knowledge, no
instrument exists for measuring self-efficacy in relation
to the use of glaucoma medications. Therefore, the
purpose of this study was to develop and evaluate the
psychometric properties of (a) a glaucoma medication
self-efficacy scale and (b) a glaucoma outcome
expectations scale.

Methods
Questionnaire development

Two instruments were developed: a glaucoma
medication self-efficacy scale and a glaucoma outcome
expectations scale. The self-efficacy scale that was
developed was modelled after the medication self-
efficacy scale in hypertensive patients scale because
glaucoma is similar to hypertension in that it is an
asymptomatic and chronic condition.”® We modified
the scale to be appropriate for glaucoma patients

and eye drop use with input from four practicing
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ophthalmologists, 10 glaucoma patients taking glaucoma
eye drops, the peer-reviewed literature, and results from
our earlier work,®! in which we asked over 300 glaucoma
patients from four practices about their problems and
concerns in using their glaucoma medications.*** The
main changes that were made to the medication
self-efficacy scale in hypertensive patients scale were that
the questions asking about specific side effects to
anti-hypertensive medications were modified to reflect
specific side effects of glaucoma medications. Also, we
added a series of questions focusing on ability to use eye
drops correctly.®*> Therefore, we developed a
questionnaire with two proposed dimensions (one
focusing on overcoming barriers to eye drop use in
general and one focusing on the patient’s ability to use
eye drops correctly). The glaucoma outcome expectations
instrument was modelled after an outcome expectations
scale from asthma, but we modified the questions to
make them appropriate for glaucoma patients.*

The final questionnaire that patients completed
included a total of 43 items designed to assess (a) self-
efficacy in overcoming barriers that might interfere with
the use of glaucoma medications (22 items), (b) self-
efficacy in carrying out specific tasks required to use eye
drops correctly (15 items), and (c) outcome expectations
associated with glaucoma treatment (6 items). The
response categories for the self-efficacy items were not at
all confident, somewhat confident, very confident, and
does not apply. The response options for the outcome
expectations items (questions asking ‘how much do you
think it will help...”) were recorded on a 9-point Likert
scale ranging from ‘not at all’ to ‘somewhat’ to
‘extremely’. The survey also collected information on
patient demographics.

Data collection procedures

The research project was approved by the University of
North Carolina Institutional Review Board. Between
August and December of 2007, three ophthalmology
practices distributed packets to glaucoma patients who
agreed to complete the questionnaire. The packet
contained a letter explaining the study from the
principal investigator with a contact number to call, a
questionnaire, and an envelope with prepaid postage, so
that the patient could send the survey back directly and
anonymously to the principal investigator. Two hundred
and twenty-five packets were distributed and 191
patients returned the survey, which gave us a response
rate of 85%.

Analysis

Three separate principal components factor analyses
with varimax rotation were performed. Varimax is the
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most common type of rotation used when performing
factor analysis.*** It maintains the independence of the
underlying factors and, therefore, is simpler to interpret
than procedures that allow the factors to be correlated.
In the factor analyses, the mean score was substituted for
items with missing values. Factor loadings, eigenvalues,
and scree plots were examined to determine the number
of factors to extract. Items with loadings above 0.40 were
retained.* Factor loadings indicate the correlation of an
item with an underlying factor. Correlations above 0.30
or 0.40 are generally considered as meaningful.***” Once
the number of factors were identified, scale scores were
computed by summing the unweighted responses across
items. Reliability of the resulting scales was assessed
using Cronbach’s o

The bivariate relationships between the independent
variables and the self-efficacy and outcome expectations
measures were examined using t-tests and correlations.
The independent variables included patient age, gender,
race, years of education, length of time with glaucoma,
in which eye the patient has glaucoma, how many
glaucoma medications the patient uses, and how often
the patient administers their own eye drops. Table 1
illustrates the response categories for the independent
variables.

Once we completed development of the scales, we
conducted a pilot study to assess the discriminant
validity of the scales by distributing packets with the
newly developed scales and two self-report measures of
adherence®®? to 60 glaucoma patients who were using at
least one glaucoma medication. One of the self-report
adherence measures assesses medication adherence over
the earlier month using a four-item validated measure
ranging from zero (low) to four (high) non-adherence.®®
This measure has shown sensitivity to change in
randomized trials.*® The Morisky measure can also be
dichotomized into those individuals who report any non-
adherence versus those who report being 100% adherent.
The other measure of self-reported adherence used was a
visual analogue scale, which asks patients to put a line on
a 10-cm scale indicating how much of the time they use
all of their glaucoma medications exactly as directed
(range is from 0 =none of the time to 10=all of the
time).*** The visual analogue scale has strong validity
and reliability.**~* Forty-three packets were returned for
a response rate of 72%.

Results

Table 1 presents the patient characteristics. Forty-four
percent of the patients were female and approximately
24% were non-White. Patients ranged in age from 18
to 94 and the average patient age was 66.5 years
(standard deviation =13.1). The majority of patients
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Table 1 Patient characteristics (N =191)

Percent (N)

Gender
Male 46.6 (89)
Female 44.0 (84
Missing 9.4 (18)
Race
White 69.1 (132)
Non-White 23.6 (45)
Missing 7.3 (14)
How long has had glaucoma
<6 months 2.6 (5)
6 months to <1 year 3.7 (7)
1 to 2 years 6.8 (13)
>2 years to <5 years 14.7 (28)
5 years or more 65.9 (126)
Missing 6.3 (12)
In which eye has glaucoma
Right 8.9 (17)
Left 8.9 (17)
Both 75.9 (145)
Missing 6.3 (12)
How many glaucoma medications patient uses
One 33.5 (64)
Two 35.1 (67)
Three 16.8 (32)
More than three 9.9 (19)
Missing 4.7 (9)

How often patient administers own glaucoma medications
Always

Most of the time 80.6 (154)
Some of the time 9.9 (19)
Never 1.0 2)
Missing 214
6.3 (12)
Range; Mean

(standard deviation)

Age 18-94; 66.5, (13.1)
Years of education 2-30; 14.91 (4.06)

had glaucoma in both eyes and 66% of the patients had
glaucoma for 5 years or more.

Self-efficacy in overcoming barriers that might interfere
with the use of glaucoma medications

One of the 22 items that was administered to assess self-
efficacy in overcoming barriers that might interfere with
the use of glaucoma medications was dropped from the
analysis because 100 patients chose ‘does not apply’ for
their answer. The question asked was about confidence in
taking glaucoma medications at work. It makes sense
that the question did not apply to many of the
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Table 2 Results of principal components analysis with varimax rotation for self-efficacy in overcoming barriers that might interfere

with the use of glaucoma medications (N =191)

How confident are you that you can take your glaucoma medications...

Factor loadings

When you are busy at home? 0.46
When there is no one to remind you? 0.45
When you worry about using them the rest of your life? 0.55
When they cause some side effects? 0.59
When they cost a lot of money? 0.45
When you come home late from work or some other activity? 0.49
When you do not have symptoms? 0.59
When you are with family members? 0.64
When you are in a public place? 0.63
When you are afraid of becoming dependent on them? 0.72
When you are afraid they may make your eyes red? 0.64
When the time to use them is between your meals? 0.54
When you feel you do not need them? 0.63
When you are travelling? 0.58
When you have to use them more than once a day? 0.67
If they sometimes make your eyes burn or sting? 0.62
If they sometimes make you bothered by grittiness or sandiness in your eyes? 0.62
When you have other medications to take? 0.68
When you feel well? 0.70
If they sometimes make you bothered by feelings of stickiness or crustiness in or around your eyes? 0.57
If they sometimes make your eyes dry? 0.57

participating individuals because the mean age of our
sample was 66.5 years and most likely many patients
were retired. A principal components analysis of the
remaining 21 items yielded one interpretable factor
explaining 33.35% of the total variance. Table 2 presents
the factor loadings for this one-factor solution. All items
were loaded at 0.40 or higher. The resulting 21-item
factor had a Cronbach’s o reliability of 0.90. Scores
ranged from 27 to 63 (mean = 57.32, standard

deviation = 5.68).

Self-efficacy in carrying out specific tasks required to use
eye drops correctly

A principal components analysis with a varimax rotation
of the 15 items yielded two interpretable factors. One of
the items, which asked about confidence in using eye
drops correctly, was dropped from the analysis because it
ambiguously loaded on both factors. The principal
components analysis was then reran with the 14 items
and a two-factor solution was obtained that explained
49.15% of the total variance. Table 3 presents the factor
loadings for the two-factor solution. All items were
loaded at 0.40 or higher.

One factor had eight items, which focused on
confidence in using eye drops in general (being able to
open the bottle, being able to get refills, etc.), and the
other factor had six items, which focused on the ability to
get the eye drops correctly in the eye (being able to angle
their head correctly, being able to get the right amount in

the eye, etc.). The resulting eight-item factor had a
Cronbach’s a of 0.76, with scores ranging from 10 to 24
(mean =22.38, standard deviation =2.11). The resulting
six-item scale had a Cronbach’s o of 0.87, with scores
ranging from 7.91 to 18 (mean = 16.34, standard
deviation =2.17).

Outcome expectations

Inspection of inter-item correlations revealed that
several of the six outcome expectations items were
highly correlated. In addition, a couple of patients
stated that the items seemed repetitive when asked

for their input into the survey’s development. For
example, the item ‘How much do you think it will
help your glaucoma if you follow your eye doctor’s
instructions exactly?” correlated at 0.91 with the item
‘How much do you think it will help your glaucoma

if you use your eye drops regularly?’. In addition, the
item "How much do you think it will help your vision
if you use your eye drops regularly?’ correlated 0.95
with the item ‘How much do you think it will help
your vision if you follow your eye doctor’s instructions
exactly?’. Therefore, only one of each of these sets of
items was included in the factor analysis. The items not
included were "How much do you think it will help
your vision if you follow your eye doctor’s instructions
exactly?” and ‘How much do you think it will help your
glaucoma if you follow your eye doctor’s instructions
exactly?’.

Eye
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Table 3 Results of principal components analysis with varimax rotation for self-efficacy in carrying out specific tasks required to use

eye drops correctly (N =191)

How confident are you that you can carry out the following tasks... Factor 1 Factor 2
loadings loadings
Squeezing your eye drop bottle(s)? 0.73 0.05
Getting the medication drop(s) in your eye? 0.81 0.13
Using your eye drops without having someone help you? 0.46 0.25
Consistently getting the right amount of eye drop medication in your eye each time you use it? 0.82 0.23
Correctly angling your head to accurately apply the eye drops? 0.85 0.06
Delivering the required amount of your eye drops to the eye without missing or applying too much 0.83
medication?
Getting refills for your glaucoma medications before you run out? 0.12 0.65
Filling your prescriptions for glaucoma medications whatever the cost? 0.14 0.57
Making using your glaucoma medications part of your routine? 0.15 0.75
Always remembering to use your glaucoma medications? 0.20 0.67
Using your glaucoma medications for the rest of your life? 0.11 0.67
Opening the eye drop bottle? 0.28 0.62
Getting the plastic seal off a new eye drop bottle? 0.17 0.42
Using your eye drops with someone helping you? —-0.20 0.48

Table 4 Results of principal components analysis for outcome expectations in using glaucoma medications (N =191)

Factor 1 loadings

How much do you think it will help your glaucoma to come to your appointments with your eye doctor? 0.77
How much do you think it will help your glaucoma if you use your eye drops regularly? 0.81
How much do you think it will help your vision to come to these appointments with your eye doctor? 0.89
How much do you think it will help your vision if you use your eye drops regularly? 0.81

A principal components analysis of the four items
yielded a one-factor solution that explained 66.98% of the
total variance. Table 4 presents the factor loadings. All
items were loaded at 0.40 or higher. The resulting factor
had a Cronbach’s o reliability of 0.83. Scores ranged from
4 to 36 (mean = 33.83, standard deviation =4.25).

Bivariate relationships

Individuals who rated their health more poorly had
lower self-efficacy in getting their drops in their eyes
correctly (Pearson correlation =—0.19, P =0.013).
Individuals who had glaucoma longer reported higher
self-efficacy in getting their drops in their eyes correctly
(Pearson correlation =0.20, P =0.006). Individuals who
always administered their eye drops themselves reported
higher self-efficacy in overcoming barriers that might
interfere with the use of glaucoma medications (t-
test=2.28, P =0.035) and higher self-efficacy in getting
their drops in their eyes correctly (¢-test=2.23, P =0.027).
Although the findings were not statistically significant,
we did find that African-American patients tended to
have lower mean scores (2.69 (standard deviation =0.28)
compared with 2.76 (standard deviation =0.24)) than
White patients on the self-efficacy in overcoming barriers

Eye

that might interfere with the use of glaucoma
medications scale. African Americans had similar mean
scores as Whites (2.76 (standard deviation =0.27)
compared with 2.77 (standard deviation =0.26)) on the
self-efficacy in carrying out specific tasks required to use
eye drops correctly scale. Although not significant,
African-American patients had higher mean scores than
Whites (8.63 (standard deviation =0.75) compared with
8.39 (standard deviation =1.19)) on the outcome
expectations scale. Future research should examine
whether racial differences in patients’ self-efficacy in
using glaucoma medications and patients’ glaucoma
outcome expectations exist using larger sample sizes. It is
important to examine racial differences in self-efficacy
and outcome expectations because glaucoma and
blindness from glaucoma are higher in Blacks than
Whites and their disease is frequently more advanced
at time of diagnosis.**™*¢

Discriminant validity

On the Morisky four-item adherence measure, 30.2% of
the patients indicated some non-adherence to their
glaucoma medications in the last 4 weeks. On the visual
analogue scale, patient scores ranged from 4.8 to 10cm



(mean 9.24, standard deviation =1.05). The self-efficacy
in overcoming barriers that might interfere with the use
of glaucoma medications correlates significantly with
the Morisky four-item adherence measure (Pearson
correlation coefficient = —0.33, P =0.042) and the

visual analogue scale measure (Pearson correlation
coefficient =0.32, P =0.037). The self-efficacy in carrying
out specific tasks required to use eye drops correctly
scale also correlated significantly with the Morisky
four-item adherence measure (Pearson correlation
coefficient = —0.39, P =0.014) and the visual analogue
scale measure (Pearson correlation coefficient =0.41,

P =0.007). Patients with higher self-efficacy were
significantly more likely to be adherent to their glaucoma
medications. When using the dichotomous Morisky
self-report adherence measure (100% adherence versus
patient reports some non-adherence), the non-adherent
patients had significantly lower mean scores than
adherent patients on both the self-efficacy in overcoming
barriers that might interfere with the use of glaucoma
medications scale (mean score of adherent patients =
2.78 (standard deviation =0.27) and mean score of
non-adherent patients =2.57 (standard deviation =0.29);
t-test=2.09, P =0.04) and the self-efficacy in carrying
out tasks required to use eye drops correctly scale
(mean score of adherent patients =2.77 (standard
deviation =0.25) and mean score of non-adherent
patients =2.51 (standard deviation = 0.43); t-test =2.45,
P=0.02).

The outcome expectations scale did not correlate
significantly with either adherence measures. However,
when using the dichotomous Morisky self-report
adherence measure (100% adherence versus patient
reports some non-adherence), non-adherent patients had
lower mean scores on the outcome expectations scale
(6.82 (standard deviation =0.84)) than adherent patients
(7.06 (standard deviation =0.70)). Although the results
were not statistically significant, there is a trend towards
non-adherent patients having lower outcome
expectations than adherent patients.

Discussion

This study reports on the development and evaluation of
a glaucoma medication self-efficacy scale and a glaucoma
outcome expectations scale. Self-efficacy and outcome
expectations are important concepts because they can
potentially explain adherence behaviour and patient eye
drop technique. Our results yielded a 21-item self-
efficacy in overcoming barriers that might interfere with
the use of glaucoma medications scale, a 14-item self-
efficacy in carrying out specific tasks required to use eye
drops correctly scale, and a four-item glaucoma outcome
expectations scale. The results of the Cronbach’s
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o reliability indicated that the scales are internally
consistent. To our knowledge, these are the first self-
efficacy and outcome expectations scales that have been
developed for glaucoma patients. These scales have
many potential applications for clinical practice and
research.

The self-efficacy in overcoming barriers that might
interfere with the use of glaucoma medications scale can
be used by eye care providers to detect when patients do
not feel confident taking their glaucoma medications
under certain circumstances (e.g. when they cause side
effects, when patients are busy). Providers could then use
patient responses to help them problem solve and to
boost patient confidence in taking eye drops under these
reported circumstances.

The self-efficacy in carrying out specific tasks required
to use eye drops correctly scale can be used by eye care
providers to screen for whether patients report a lack of
confidence in certain aspects of using their eye drops (e.g.
getting the drop of medication in the eye, squeezing the
eye drop bottle). Providers could use these results to
identify patients who need additional teaching and
modelling on how to correctly use their eye drops.

Both of our developed self-efficacy scales, the
self-efficacy for overcoming barriers that might interfere
with the use of glaucoma medications scale and the
self-efficacy in carrying out tasks required to use eye
drops correctly scale, were found to be significantly
associated with patient adherence. Patients who had
more self-efficacy or confidence in using their glaucoma
medications were more adherent. The developed self-
efficacy scales can be used to screen for patients who
have low self-efficacy or confidence in using their
glaucoma medications, so that providers can educate and
attempt to improve self-efficacy and hopefully
medication adherence.

The outcome expectations scale can be used by eye
care providers to assess whether patients believe that
taking their eye drops regularly and keeping eye
appointments will help their glaucoma and vision. If a
patient does not believe that any of these factors may
impact their glaucoma and vision, their eye care provider
can then educate them about how these factors can
potentially impact their glaucoma and vision. Earlier
research indicates that patients may not be receiving
adequate information about their glaucoma.'®* Eye care
providers should make sure to educate patients about the
importance of using eye drops regularly and how
glaucoma can lead to blindness.

The factor analysis of our glaucoma medication self-
efficacy scale in overcoming barriers that might interfere
with the use of glaucoma medication had one factor,
which is identical to the medication self-efficacy in
hypertensive patients scale, which it was modelled
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after.” As our study focused on glaucoma patients and
the use of eye drops, we added a self-efficacy scale in
carrying out specific tasks required to use eye drops
correctly. This scale ended up having a two-factor
solution, in which one factor focused on confidence in
using eye drops in general and one focused on the ability
to get the eye drops correctly in the eye. The factor
analysis of our outcome expectations scale had one
factor, which is identical to the asthma outcome
expectations scale, which it was modelled after.”

The self-efficacy and outcome expectations scales
could also be used in glaucoma research. First, they could
be administered to examine how self-efficacy and
outcome expectations are related to patient outcomes
such as adherence or intraocular pressure. Second, if
intervention studies are conducted to either educate
patients about their glaucoma, improve their adherence,
or improve their eye drop technique, the scales could be
given pre- and post-intervention, so that researchers
could examine the impact of their interventions on
self-efficacy and outcome expectations.

Individuals who rated their health more poorly had
worse self-efficacy in getting their eye drops in their eyes
correctly. Eye care providers should attempt to ask
patients about how their other medical conditions might
be impacting their ability to get their eye drops in their
eyes correctly. If potential difficulties are then discovered,
the eye care provider and patient can strategize on
possible solutions (e.g. having someone help the patient
administer their drops).

The study has several limitations. First, the clinics did
not track the characteristics of those patients who did not
respond to the survey. Second, all three of the
participating clinics were located in the southeast, which
limits generalizability. Third, we did not assess eye drop
technique. Future research should examine whether the
self-efficacy and outcome expectations scales that were
developed are correlated with glaucoma medication
adherence and patient eye drop technique in larger
patient samples.

To our knowledge, these are the first self-efficacy and
outcome expectation scales that have been developed for
glaucoma patients. Eye care providers and researchers
can use these scales to identify patients with low
self-efficacy in using their glaucoma medications and
patients who do not believe that following their eye care
providers” advice can help their glaucoma and vision.
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