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ABSTRACT

Background: Reviewing validated glaucoma disease-specific tools for measuring adherence could encourage adherence
monitoring to avoid progressive visual field losses in people living with glaucoma.

Aim: To review the literature on validated disease-specific tools for measuring adherence to glaucoma medications.
Methods: Relevant peer-reviewed publications from the year 2000 to 2022 from PubMed, EMBASE, Scopus, and PROquest
were retrieved. For each search conducted, the name of the search engine used, date of search, number of publications
retrieved, and keywords used were documented. The selected articles were reviewed for inclusion and assessed for biases and
quality. Each tool was described by the type of measurement, technique for measurement, strengths and weaknesses, and
method of validation, respectively.

Results: Out of the 10 included articles, seven glaucoma disease-specific tools were identified namely; Glaucoma Treatment
Compliance Assessment Tool-Short form (GTCAT-S), Glaucoma Treatment Compliance Assessment Tool-Long form (GTCAT-
L), Travatan Dosing Aid (TDA), Eye-Drop Satisfaction Questionnaire (EDSQ), Glaucoma Adherence Questionnaire-Revised
(GAQ-R), Glaucoma Adherence Questionnaire-Old (GAQ-O), and Schwartz Adherence Questionnaire (SAQ). Three studies had
a low risk of bias, and seven recorded a moderate risk of bias. The TDA, GTCAT-S, and GTCAT-L were rated as high-quality
tools.

Conclusions: Seven glaucoma disease-specific tools for measuring adherence were found. Integration of regular measurement
of medication adherence as part of care for glaucoma patients would be beneficial for both patients and providers of eye care.

1 | Introduction marked by specific structural findings in the optic disk together
with functional defects [2]. About 60% of the nerve fibers are
damaged before the appearance of defects in visual fields in most

eyes with glaucoma [3]. Compared to those in developed countr-

Globally, glaucoma remains a significant sight-threatening disease
with public health and economic implications [1]. It is the second

leading cause of irreversible blindness globally and is character-
ized by optic neuropathies and raised intraocular pressure (IOP)
[1, 2]. In automated visual field examination, the diseases is

ies, people living with glaucoma in developing countries have a
higher risk of becoming blind as a result of progressive optic nerve
degeneration due to nonadherence to medication [4, 5].
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The use of ocular hypotensive medications plays a significant
role in the control of IOP in glaucomatous eyes [6-10].
Adherence to these medications is therefore crucial in the
management of the disease. Adherence to medication is the
extent to which the medication-taking behavior of a patient
corresponds with recommendations from the doctor [11].
Nonadherent patients are known to experience progressive
reduction in their visual capabilities leading to low quality of
life in general [12-14].

Prevalence of nonadherence to medication among patients
with glaucoma is reported to range from 5% to 80%, with dif-
ferences in methodologies used accounting for this variation
[12, 15].

Several tools have been developed for measuring patients’
adherence to medication. These tools may be classified as
objective, subjective, direct, or indirect tools, respectively [16].
Subjective tools refer to the assessment of the medication-taking
behavior of patients with the help of a validated questionnaire
[16]. The objective form of measuring adherence involves the
use of medication dose counts, pharmacy records, and electro-
nic monitoring systems [16]. The direct tools relate to the use of
biological markers or metabolite levels or concentrations which
may indicate an intake of medication by the patient [16]. The
indirect tools may refer to the use of both subjective and
objective tools for adherence measurement [16].

The use of validated glaucoma disease-specific tools may be
more sensitive in revealing significant changes in the eye health
of people living with glaucoma compared to generic tools. Such
tools may also be the preferred choice of the patient as they
focus specifically on their ocular health.

Considering the health implications and economic burden of
nonadherence to glaucoma medications, it is imperative to
conduct a systematic review of glaucoma disease-specific tools
for measuring adherence to glaucoma medications. Reviewing
these validated tools could promote adherence monitoring
which may help in improving patient safety by lowering
medication-related harm to improve patient outcomes through
application of targeted treatments [17]. Also, monitoring of
adherence reduces healthcare costs and avoidable hospital stays
[18]. Additionally, it improves the patient—provider relation-
ship and informs the need for treatment adjustment or alter-
native therapies where possible [19].

This review will identify evidence-based validated glaucoma
disease-specific medication adherence measurement tools to
augment the management of glaucoma. The review may assist
clinicians and researchers in selecting validated glaucoma
disease-specific tools for measuring adherence to glaucoma
medication.

2 | Methods
2.1 | Search Strategy

This systematic review examined relevant peer-reviewed arti-
cles published from the year 2000 to 2022 in electronic

databases such as, PubMed, EMBASE, Scopus, and ProQuest.
Starting this review from the year 2000 is justified by the facts
that, some research before year 2000 may be outdated or less
relevant to current practice as research methods have im-
proved significantly since year 2000 with changes in guidelines
and policies and focus on contemporary issues.

Names of the search engines used, date of search, number of
publications retrieved, and keywords used were all recorded.
Selected articles were screened and reviewed for inclusion.
Titles, names of authors, year of article publication, and other
related variables were examined manually to remove duplicates.
The principal investigator (PI) together with other authors
independently reviewed each article for inclusion. Uncertainties
were resolved through consensus in the selection of the articles.
The “PICO” (Population, Intervention, Comparison/Control
and Outcome) framework with an addition of a time frame
factor (T) was used in structuring the review process (Table 1).

2.2 | The Research Question

The research question for this review was: “what are the vali-
dated glaucoma disease-specific tools for measuring adherence
to glaucoma medications”?

The PICOT methodology was used to define the research
question above. We did not include a comparison in our PICOT
framework as our objective was to update readers on glaucoma
disease-specific tools for measuring adherence to glaucoma
medications. We, therefore, had no intention of comparing the
tools to a gold standard. A schematic presentation of the
framework is illustrated in Table 1 below.

2.3 | Search Filters

We refined our search strategy by using search filters for study
design, measurement, and language. These filters included;
“Randomized Controlled Trial (RCT),” “Observational Study,”
“Cohort Study,” “Cross-Sectional Study,” “Questionnaire,”
“Survey,” “Scale,” and “English.”

2.4 | Inclusion and Exclusion Criteria

The review included only peer-reviewed articles published in
English language between the years 2000 and 2022. Peer-
reviewed articles published in other languages, and non-peer-
reviewed publications, gray literature including reports, working
papers, government documents, white papers, and studies which
were not conducted within the period under consideration were
excluded. Figure 1 illustrates the flowchart of the study selection.

2.5 | Main Outcome Measure

The main outcome measure was an update on glaucoma
disease-specific tools for measuring adherence to glaucoma
medications.
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TABLE 1 | Population, intervention, comparison, outcome, and time (PICOT) framework.

PICO Description

Search terms and connectors (OR and AND)

Population

measuring nonadherence.

Intervention/
impact

Comparison —

Outcome

medications.

Time Specific time frame for the study.

Validated tools/scales/questionnaire/survey/
instrument/models/device/items for

Measurement of nonadherence.

Update on glaucoma disease-specific tools for
measuring adherence to glaucoma

Validated* OR tools*, validated* OR scales*, validate*
OR questionnaire*, validated* OR survey*, validated*
OR instrument*, validated* OR models*, validated
OR device, validated OR items.
Validated* AND tools*, validated* AND scales*,
validate* AND questionnaire*, validated* AND
survey*, validated* AND instrument*, validated*
AND models*, validated AND device, validated AND
items.

Measurement* OR nonadherence*, measurement* OR
nonadherence*, measurement* OR adherence*,
measurement* OR compliance*, measurement* OR
noncompliance*, measurement* OR persistence*.
Measurement* AND nonadherence*, measurement*
AND nonadherence*, measurement* AND
adherence*, measurement* AND compliance*,
measurement* AND noncompliance*, measurement*
AND persistence*.

Glaucoma* OR medication nonadherence
measurement*, glaucoma* OR medication adherence
measurement*, glaucoma* OR compliance
measurement*, glaucoma* OR noncompliance
measurement*.

Glaucoma* AND medication nonadherence
measurement*, glaucoma* AND medication
adherence measurement*, glaucoma* AND
compliance measurement®*, glaucoma* AND
noncompliance measurement*.

Year 2000 to 2022.

2.6 | Data Extraction and Quality Analysis

Studies that met the inclusion criteria were considered for data
extraction and analysis. The extracted papers were assessed
considering the general characteristics of the studies, risk of
bias, the level of quality of the tools, and the classification of the
tools by the type of measurement, technique for measurement,
strength and weakness, and what is measured by the tool.

2.6.1 | General Characteristics of the Studies

The general characteristics of the selected studies included the
study objectives, the study design, the glaucoma disease-specific
tool, the disease condition, the study setting, the study duration
(months), the country, and the reported limitations of the study.

2.6.2 | Risk of Bias Assessment for Selected Articles
Selection, performance, detection, and information biases were

evaluated using the Cochrane Collaboration Risk of Bias
assessment tool [21].

The Cochrane Collaboration Risk of Bias assessment tool was
adapted for this review to assess bias [21]. This was done by
modifying the tool by the removal of the domains specific to
RCTs, retaining relevant domains, and adding domains relevant
to non-RCT designs such as selection bias.

2.6.3 | Quality Criteria

An assessment of the quality of the tools was done using a
methodology developed by a group of international ophthal-
mologists from 23 countries across the globe [22]. This meth-
odology had eight quality parameters which included pre-study
hypothesis, intended population, item identification and selec-
tion, scoring, validity, sensitivity, responsiveness, and ease of
use. The quality of the tools was assessed as high (3), medium
(2), low (1), and not reported (0). The total scores were then
aggregated for each method to determine the level of quality of
the tool. Tools with a total score from 0 to 8, 9 to 16, and 17 to
24 were described as low quality, medium quality, and high-
quality, respectively. A summary of the assessment is presented
on Figure 2 below.
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FIGURE 1 | PRISMA flowchart of the study selection [20].
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FIGURE 2 | Quality criteria for assessing glaucoma disease-specific tools for adherence measurement.
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2.6.4 | Classification of Glaucoma Disease-Specific
Tools for Measuring Adherence to Glaucoma Medication

Additionally, an assessment of each of the tools was done in
terms of the strengths and weakness of the tools, the type of
measurement, that is either objective or subjective tools, the
technique for measurement, that is either direct or indirect tool,
what the tool measures, and the method of validation.

2.7 | Registration of Review

This review has been registered in the PROSPERO database for
systematic reviews with registration number; PROSPERO 2021
CRD42021272092.

3 | Results

3.1 | Identification of Glaucoma Disease-Specific
Tools for Measuring Adherence

A total of 520 records were identified through database
searching. Three-hundred and sixty-eight articles were identi-
fied in PubMed, 78 in ProQuest, 72 in Embase, and two in
Scopus. After refining the search strategy with search filters, a
total of 75 articles were identified. After screening and removal
of duplicates, 34 articles were left as full-text articles for elig-
ibility assessment. Eligibility assessment was done and 24 arti-
cles were excluded with the reasons being; 22 articles were not
relevant to the topic and two articles were not validated among
glaucoma patients.

Ten studies were finally included for qualitative synthesis after
a full-text review. Figure 1 shows a PRISMA flowchart of the
study selection.

Of the 10 selected articles, seven glaucoma disease-specific tools
for measuring adherence in glaucoma patients were identified
namely; Glaucoma Treatment Compliance Assessment Tool-
Short form (GTCAT-S), Glaucoma Treatment Compliance
Assessment Tool-Long form (GTCAT-L), Travatan Dosing Aid
(TDA), Eye-Drop Satisfaction Questionnaire (EDSQ), Glaucoma
Adherence Questionnaire-Revised (GAQ-R), Glaucoma Adher-
ence Questionnaire-Old (GAQ-O), and Schwartz Adherence
Questionnaire (SAQ) (Table 2).

3.2 | General Characteristics of the Selected
Articles

Of the 10 studies analyzed, there were two each of cross-
sectional studies, mixed methods, and observational case series
with repeated measures, and one each of RCT, cohort study,
psychometric analysis, and qualitative exploratory study,
respectively.

All of the studies were hospital-based and explored glaucoma.
Four studies were conducted in the United States of America,
three in the United Kingdom, and two each were done in Brazil

and France. The study duration ranged from 1 month to
12 months. Key findings are summarized in Table 2.

3.3 | Risk of Bias Assessment

Three studies had a low risk of bias, whiles seven studies
recorded a moderate risk of bias (Table 3).

3.4 | Quality Level of the Tools

The TDA, GTCAT-S, and GTCAT-L had high-quality scores,
respectively. The other tools recorded medium-quality scores
(Table 4).

3.5 | Classification of the Tools by Strength,
Weakness, What Is Measured, and Method of
Validation

All the seven tools identified were indirect and noninvasive
techniques. The TDA was the only objective tool and the rest
were subjective (observer-reported or patient-reported) tools.
The classification of the tools by strength, weakness, what is
measured, and method of validation are presented on Table 5.

4 | Discussion

Making the best use of glaucoma medications is important to
eye health professionals and patients in view of the rising cost of
investments in new drug development and treatment regimens
[1]. After decades of research on glaucoma medication adher-
ence, there is still inadequate guidance for eye health profes-
sionals and researchers in the choice of the most suitable tool
for measuring adherence to glaucoma medications [16]. We,
therefore, conducted a systematic review to update clinicians
and researchers with disease-specific tools for measuring
adherence to glaucoma medications. To the best of our
knowledge, this is the first systematic review of disease-specific
tools for measuring adherence to glaucoma medications. Seven
glaucoma disease-specific tools namely; the GTCAT-S, GTCAT-
L, TDA, EDSQ, GAQ-R, GAQ-O, and SAQ were identified.

An evaluation of these tools using quality criteria by Gazzard
et al. [22] revealed the TDA, GTCAT-S and GTCAT-L as high-
quality tools and the others as medium-quality tools. The low
risk of bias in our selected studies explains the use of valid
approaches in the selection of study participants, prevention of
bias, and analysis of data in the selected studies. The low-risk
studies recorded the least bias with results considered valid. The
moderate risk studies had some level of bias but were not so
significant to invalidate the results of the studies. The use of
critical appraisal methods is essential in assessing the strengths
and weaknesses of studies included in systematic reviews [33].

The tools identified may be classified as subjective or objective
tools and as direct or indirect tools [16]. Our findings reveal that
all the tools reviewed were subjective, except the TDA which is
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(Continued)

TABLE 3

Total
score

Detection

Selection

Information

Performance

Interpretation

bias

bias

bias

Title bias

Author

Number

Moderate risk

An assessment of readiness for

Schwartz

of bias

behavior changes in patients

et al. [31]

prescribed ocular hypotensive

therapy.

Moderate risk

Scoring and psychometric
properties of the Eye Drop
Satisfaction Questionnaire (EDSQ),
an instrument to assess satisfaction

Regnault
et al. [32]

10

of bias

and compliance with glaucoma

treatment.

=moderate risk of bias; and 3 to 4 = low risk of bias.

high risk of bias; 1 to 2

unclear risk of bias; +1 = low risk of bias. A total score from —4 to 0

Note: A score of —1 = showing a high risk of bias; 0

an objective tool. Since none of the tools involve the use of
biological markers or metabolite levels or concentrations that
could suggest a patient is taking medicine, none of the tech-
niques could be categorized as a direct tool [16]. Direct tools are
highly acurate, less prone to bias, and provide real-time infor-
mation [16]. They are, however, costly, invasive, and have
limited assessability [16].

All the seven tools identified are indirect tools since they assess
adherence through proxy measurements or patient-reported
outcomes, rather than directly observing medication intake
through biological markers or metabolic concentration. Indirect
tools could therefore be either subjective or objective tools [16].
The indirect tools which are subjective are cost-effective, easy to
use, widely available, and provide insight into patient medica-
tion intake behavior [16]. However, they are subject to bias,
depend on data quality, and have limited generalizability [16].

All the tools were developed through rigorous validation pro-
cesses that demonstrated significant reliability and validity. As a
subjective tool, the GTCAT-L (a 47-statement questionnaire)
assesses multiple behavioral factors associated with glaucoma
medication adherence [25]. Its development was based on the
Health Belief Model which explains that a person with a con-
dition such as glaucoma is more likely to adhere to medication
if he or she places a high value on the current state of vision and
also believes that the use of glaucoma medications would pre-
vent further visual deterioration [34, 35]. Several studies have
demonstrated the efficacy of the model in predicting health
behaviors [36-39]. The GTCAT-L was validated using regres-
sion and factor analysis to ensure its relevance and compre-
hensiveness [25]. The validation of the GTCAT-L demonstrated
an excellent content, construct, and predictive validity respec-
tively, with an excellent reliability [25]. Notable studies re-
porting the use of the GTCAT-L include; Barker et al. [27] and
El-Sakhy and El-Rahman Mohamed [40].

The GTCAT-S (27-statement questionnaire) [24] is the reduced
version of the GTCAT-L with more robust construct validity
compared to the GTCAT-L [25]. Shorter-length questionnaires
are known to improve response rate, predictive, and construct
validity [41, 42]. Validation of the tool in the Portuguese lan-
guage in Brazil showed an acceptable test—retest reliability and
internal consistency [26]. The validation utilized principal
component analysis (CPA) to reduce the original 47-statement
GTCAT-L to 27 statements and assessed predictive and con-
struct validity using multiple logistic regression analysis and
CPA with the Health Belief Model [24, 26]. Studies such as Cho
et al. [43] and Sanchez et al. [44] have used the GTCAT-S in
assessing adherence.

The EDSQ is made up of 46 items, assessing six domains of
medication adherence namely; patient characteristics, treat-
ment characteristics, patient—clinician relationship, patient
experience, patient-treatment interaction, and patient knowl-
edge about glaucoma [32]. It was developed through a quali-
tative interview of 15 French and English patients with
glaucoma [28]. The EDSQ was validated by cognitive debriefing,
expert review, factor analysis, internal consistency, and criterion
validity [32]. Additionally, regression analysis was used to pre-
dict adherence based on the EDSQ scores [32]. The tool proved
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to be internally consistent and reliable with good construct
validity [32]. Few studies have used this tool in assessing
adherence to glaucoma medications [32, 45].

The original form of the GAQ (GAQ-O) is a 42-item tool de-
veloped through a review of available literature and discussions
by experts in the development of patient-reported outcome
measures (PROMs) in ophthalmology [29]. Its domains include;
information on social status, knowledge of glaucoma, difficul-
ties in managing eye drops due to other medical conditions or
lifestyle, the support patients received for instilling drops, and
adherence status [29]. Its content and face validity were con-
firmed by the expert group and piloted among 50 patients [29].
Thus, the validation of the GAQ-O was carried out through
expert panel review, cognitive debriefing, factor analysis,
internal consistency assessment, and criterion validation.
Regression analysis was further used in predicting adherence
based on GAQ scores [29].

To improve the GAQ-O, a 39-item questionnaire (GAQ-R) was
developed [30]. Questions about glaucoma knowledge, inten-
tional and non-intentional drop omission, social status, co-
morbidity, support, and lifestyle factors affecting adherence
were included [30]. GAQ-R was also validated through factor
analysis, internal consistency, test—retest reliability, criterion
validity, regression analysis, and item response theory proper-
ties [30]. The GAQ-R may take lesser time to complete com-
pared to the GAQ-O [30]. Studies such as Gray et al. [30] have
used this tool to evaluate the impact of individualized patient
care, as an adjunct to standard care.

The SAQ is a 62-item tool developed based on the trans-
theoretical model of change [31]. The questions in this tool
include; demographics, health and medications, use of/prob-
lems with medications, and visual function [31]. These ques-
tions were derived from a review of ophthalmic and non-
ophthalmic literature and modified and validated by a panel of
nine glaucoma specialists and behavioral and health economics
experts [31]. The SAQ was validated through an expert panel
review to confirm content relevance and cognitive debriefing to
ensure understanding. Factor analysis was further employed to
identify underlying constructs, internal consistency, and crite-
rion validity. Additionally, regression analysis was used to
predict adherence based on SAQ scores [31].

Subjective tools such as GTCAT-L/S, GAQ-O/R, SAQ, and
EDSQ, have components capable of identifying barriers to
medication adherence, assessing adherence behaviors and
evaluating self-administration, eye drop satisfaction, and
knowledge and belief about glaucoma [24-32].

Subjective tools are mainly self-reported tools which could be
distributed online and administered as structured interviews or
written questionnaires [16, 46]. They are noninvasive, easy-to-
use, inexpensive, accommodate different disease conditions,
and give real-time feedback [47, 48]. These tools can easily be
adapted and validated in different patient populations and may
be useful in providing additional information about barriers to
adherence, attitudes, behaviors, beliefs, and intentions of pa-
tients about medications. Some studies have reported the
overestimation of adherence among patients using subjective

tools compared to objective tools due to recall or reporting bias
by patients [16, 46, 49]. Most of these tools take more time to
administer and may be affected by the communication skills of
the interviewer [16, 46].

The TDA, as an objective tool has an electronic drug monitor
and a medication event monitoring system (MEMS) that holds
for only travoprost medication [23]. A bottle of travoprost is
usually placed in the device and a lever is used to administer a
drop. It has a built-in memory chip which records the time and
date each time the lever is depressed. It can only provide data
on the use of travoprost because the device was not designed to
accommodate other medication bottles. In the validation of the
TDA, a high accuracy and reliability was established with a 25%
increase in adherence rate, after correlating the TDA data with
patient self-report data [23].

The TDA has widely been used in the validation of self-reported
tools, although not a gold standard by consensus from the sci-
entific community involved in adherence measurements
[43, 46, 50-55]. The use of MEMS has been found to closely
correlate with the clinical effectiveness of several interventions
in clinical studies [56-58].

Compared to subjective tools, objective tools are highly accurate
and usually used as a standard for validating other tools. They
are known to be noninvasive, accurate, and give detailed
information on adherence levels. They give precise and detailed
information about the number of doses taken and other devi-
ations from the dosing regimen [16, 23]. With objective tools
such as the TDA, improper use of the device and opening the
container without taking the medication may contribute to
incorrect outcomes. The use of objective tools in large popula-
tions is limited by the relatively high price of the device, as well
as some practical issues like potential complications that may
arise with refilling the prescription in the local pharmacy or
some medication preparations [16, 23]. Objective tools may,
however, be expensive and currently not reimbursable by most
medical insurance agencies [23]. Patients may be aware of the
measurement (Hawthorne effects) which could bias the out-
come measure [16]. Objective tools may only be available for
certain medications, and there may not be any clear indication
that the drop is being instilled [16]. They may also have tech-
nical issues such as battery life challenges and device mal-
function [16].

This review has demonstrated the significance of using glau-
coma disease-specific adherence tools in identifying non-
adherent patients and has provided guidance for eye care
professionals in the choice of tools for measuring adherence to
glaucoma medication. Understanding the similarities and dif-
ferences between these tools could assist healthcare providers
and researchers in choosing the most suitable tool for their
clinical needs and studies. However, there is currently no single
tool capable of meeting all the needs of end-users, as each tool
has its inherent weaknesses.

The implications of these findings to clinical practice and
research is that the choice of a particular tool should be based
on; the objective of the measurement, the ease of use of the tool
in a clinical setting, the cost-effectiveness of the tool, accuracy
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in assessing adherence, sensitivity in providing information on
possible barriers to adherence, and the ability to identify small
changes in the ocular health of patients. Integrating regular
adherence measurement in the management of glaucoma is
essential in assessing the impact of prescribed eye medications
on the ocular health of patients with glaucoma. Thus, these
tools could clinically serve as important endpoint measures for
evaluating treatment efficacy and interpreting clinical outcomes
such as IOP levels and visual field defects. Adherence mea-
surement could, therefore, serve as a key element in treatment
decision-making.

The combination of two or more tools is recommended as it
offers better, more accurate and additional information on the
ocular health of patients with glaucoma.

The strength of this review is that it used four electronic data-
bases, sensitive search filters and the PRISMA statement. How-
ever, its limitation is the inclusion of only English-language full-
text articles, overlooking articles in other foreign-language arti-
cles that could have also yielded some positive outcomes.

5 | Conclusions

Seven validated glaucoma disease-specific tools for measuring
adherence were found namely; the GTCAT-S, GTCAT-L, TDA,
EDSQ, GAQ-R, GAQ-O, and SAQ. By understanding the char-
acterists of these tools, eye care professionals and researchers
can select the best tool for their patients’ needs and studies
respectively. There is, therefore, a need to develop more glau-
coma disease-specific adherence measuring tools to ensure
optimal care and management of patients with glaucoma. There
is also a need for eye care providers to integrate the measure-
ment of medication adherence as part of their regular care for
glaucoma patients.
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