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Purpose: We investigated patient adherence and factors related to a newly introduced 

prostaglandin analog and timolol fixed-combination eye drops (PGTFC).

Patients and methods: The Glaucoma Research on Adherence to fixed-Combination Eye 

drops in Japan (GRACE) study group performed a nationwide prospective questionnaire survey. 

Participants in this study were patients with glaucoma who were scheduled to receive any type 

of PGTFC for the first time. The participants answered a questionnaire on the day of PGTFC 

introduction and again at a return visit 4–6 weeks after PGTFC introduction. The physicians in 

charge were asked to complete a separate questionnaire on the day of PGTFC introduction. One 

of two leaflets was randomly delivered to each participant before the description of the PGTFC. 

One leaflet explained how to correctly instill the eye drops, and the other explained the clinical 

meaning of intraocular pressure reduction in addition to explaining how to correctly instill the 

eye drops. Nonadherence was defined as forgetting to instill the eye drops one or more times 

during the week before the return visit.

Results: In total, 3,597 patients (age, 68.4±12.2 years) met the study protocol requirements. 

PGTFC introduction significantly reduced the number of antiglaucoma eye drops from 1.93±0.78 

to 1.34±0.54 (P0.0001) and significantly improved adherence (P0.00001). Factors signifi-

cantly associated with nonadherence at the return visit included a history of nonadherence as 

reported by either the patient or their physician before introduction, acceptable instillation times as 

reported by the patient, and burdensome eye drop instillation as reported by the patient. No signifi-

cant difference was observed between the two leaflets in terms of their effects on adherence.

Conclusion: PGTFC significantly improved adherence and some of the factors that were 

significantly associated with adherence.

Registration number: UMIN000013696

Keywords: glaucoma, fixed-combination, adherence questionnaire, Japan

Introduction
Many patients with glaucoma are required to use ocular hypotensive eye drops for long 

periods, even for the remainder of their life. Many new types of ocular hypotensive eye 

drops have been recently introduced. We previously reported that glaucoma patients 

instill approximately two types of ocular hypotensive eye drops on average in Japan.1 

Poor adherence is recognized as one of the most important problems with medical 

treatment for glaucoma patients in real-world situations. According to many previous 

studies, several factors affect adherence, and some studies have reported that an increase 

in the number of eye drops used is negatively associated with adherence.2–10 Therefore, 

reducing the number of ocular hypotensive eye drops may improve adherence.
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Fixed-combination eye drops exert a greater ocular 

hypotensive effect without increasing the number of eye 

drops used.10–16 Some previous studies have reported that 

the introduction of fixed-combination eye drops improves 

adherence.17–19 Previous studies have also reported that many 

factors affect adherence, and literacy regarding glaucoma 

may contribute to adherence. To date, no large studies in 

Japan have investigated the status of adherence and the fac-

tors affecting adherence among patients with glaucoma.

We established a study group, called the Glaucoma 

Research on Adherence to fixed-Combination Eye drops 

in Japan (GRACE) study, to investigate the effect of fixed-

combination ocular hypotensive eye drop use on adherence 

using a nationwide questionnaire-based survey across Japan. 

This study group revealed the status of adherence and its 

associated factors among glaucoma patients who planned 

to utilize fixed-combination eye drops based on a previous 

paper.20 In this study, we compared the adherence before and 

4–6 weeks after the introduction of prostaglandin analog and 

timolol fixed-combination eye drops (PGTFC) and the factors 

associated with adherence.

Patients and methods
This study was conducted according to the tenets of the 

Declaration of Helsinki. We invited all facilities belong-

ing to the Japan Ophthalmologists Association in 2011 to 

participate in this study. The institutional research board 

(IRB) of the Ishikawa Medical Association (Kanazawa, 

Japan) approved the study as a main IRB for institutes that 

did not have their own IRB. When available, the IRB of each 

participating institute approved this study. The participating 

ophthalmologists submitted written informed consent to the 

council of the GRACE study group.

Subject inclusion and exclusion criteria
The subject enrollment period was from June 2011 to July 

2012. All subjects satisfied the inclusion and exclusion cri-

teria. The inclusion criteria were as follows: subjects with 

primary open-angle glaucoma (POAG), normal tension 

glaucoma (NTG), exfoliation glaucoma (XFG), or ocular 

hypertension (OH); subjects aged 20 years or older; subjects 

who had been treated with ocular hypotensive eye drops, 

excluding any fixed-combination eye drops; and subjects 

who planned to start a PGTFC by visiting an ophthalmolo-

gist due to clinical requirements. Regarding patients with 

different types of glaucoma, those with POAG in one eye 

were assigned to the POAG group, those with NTG in one 

eye and OH or XFG in the other eye were assigned to the 

NTG group, and those with XFG in one eye and OH in the 

other eye were assigned to the XFG group. The exclusion 

criteria were as follows: subjects who were unable to answer 

the questionnaire, those who exhibited difficulty measuring 

their intraocular pressure (IOP) using a Goldmann applana-

tion tonometer, and those whose attending ophthalmologist 

judged the patient unsuitable for participation. The attending 

ophthalmologists carefully explained the protocol and the 

purpose of the study to their patients before obtaining writ-

ten informed consent.

study design and protocol
Details of the study design and protocol were described 

in a previous paper.20 Briefly, the subjects and attending 

ophthalmologists completed the questionnaire (Figure S1A 

and B) prior to the prescription of the PGTFC. The ques-

tionnaires for both the subjects and the ophthalmologists 

were prepared by a council of the GRACE study group. 

The questionnaire for the subjects included glaucoma care 

status, glaucoma-related visual function disability and 

symptoms, awareness of instillation-related difficulty, the 

interval between the use of different types of eye drops, the 

frequency of forgetting instillations during the most recent 

week, and the times when instillations were most likely to 

be forgotten. The questionnaire also included information 

regarding whether the subject received any assistance with 

instillation, the use of instillation aids, acceptable types of 

eye drops, acceptable frequencies of instillation, and ques-

tions confirming their general and specific knowledge about 

glaucoma (Figure S1A). Questions for the ophthalmologists 

included the type of glaucoma, the glaucoma eye drops that 

were prescribed before and after the induction of the PGTFC, 

reasons for the PGTFC induction, best-corrected visual 

acuity, recent IOP, mean deviation (MD) of the Humphrey 

visual field analyzer program central 30–2 or 24–2, and the 

presumed frequency of forgetting eye drop instillation during 

the previous week (Figure S1B). Either leaflet A or leaflet B 

was randomly delivered to each patient on the day of PGTFC 

introduction. Leaflet A explained how to correctly instill eye 

drops, and leaflet B explained the clinical relevance of IOP 

reduction in glaucoma care and included two figures dem-

onstrating how to correctly instill the eye drops as explained 

in leaflet A (Figure 1A and B). The patients returned to the 

hospital or medical clinic at 4–6 weeks for follow-up. The 

patients were required to complete another questionnaire 

that included questions regarding the PGTFC in addition to 

the questions included in the first questionnaire as indicated 

in Figure S2.
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The ophthalmologists were prohibited from viewing the 

subjects’questionnaires. The questionnaires and medical data 

were sent to the GRACE committee office for analysis.

statistical analyses
Council members (RT, YS, TT, and KK) judged whether the 

enrolled subjects satisfied the inclusion/exclusion criteria, 

and the data from subjects who fulfilled the criteria were 

subjected to the analysis. Logistic regression analysis was 

employed after adjusting the data. Because more than half of 

the subjects reported never missing an eye drop instillation, 

we classified the patients into two groups: those who reported 

never forgetting an instillation (good adherence) and those 

who missed eye drop instillations one or more times (nonad-

herent). The subjects who had no difficulty with instillation 

were categorized as “no difficulty”. The logMAR format 

was used to compare visual acuity. JMP 11.0 software (SAS 

Institute Inc., Cary, NC, USA) was used for the data analysis. 

The values are presented as the mean ± SD. Student’s t-tests, 

Wilcoxon signed-rank tests, Mann–Whitney U tests, chi-

squared tests, contingency table analysis, or multivariate 

logistic regression analysis were employed as appropriate. 

P-values below 0.05 were considered significant.

Results
Participating facilities and 
ophthalmologists
There were 8,454 facilities that belonged to the Japan Oph-

thalmologists Association in 2011. Of these facilities, 1,071 

facilities (12.7%) and 1,358 ophthalmologists participated 

Figure 1 The two leaflets: leaflet A explains how to correctly instill the eye drops (A), whereas leaflet B explains the clinical relevance of IOP reduction in glaucoma care 
(B), in addition to how to correctly instill the eye drops.
Note: reprinted from American Journal of Ophthalmology, 126(4), Collaborative Normal-Tension Glaucoma Study Group, The effectiveness of intraocular pressure reduction 
in the treatment of normal-tension glaucoma, 498–505, Copyright © 1998, with permission from Elsevier.32

Abbreviation: iOP, intraocular pressure.

•  In order to prevent progression of a visual filed
 abnormality, patients take medicine to reduce ocular
 tension.
•  Even with normal tension glaucoma, which is common
 in Japanese people, if the ocular tension is reduced
 then the progression of a visual field abnormality can
 be controlled.

•  The progression of visual field abnormality can be
 prevented through proper control of ocular tension.

•  Wash your hands before using eye drops.
•  When using the eye drop medicine, ensure that the tip of the applicator does not come into contact with your
 eyelid or eyelashes.
•  After application, lightly close your eye for approximately 1 to 2 minutes; lightly apply pressure with your fingers
 below the inner corner of your eye.
•  Should the eye drop medication leak from your eyes be sure to wipe it your face.
•  Remember to stick to the daily number of applications-remember that it is one drop per application.
•  In the event that your are taking two or more different eye drop medications, please remember to leave at least
 5 minutes between applying these different ocular solutions.
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in this study. The distribution of the participating facilities 

was evenly spread throughout Japan.

Demographics of the enrolled patients
A total of 4,430 patients were enrolled, and 833 were 

excluded for the following reasons: 371 patients had criti-

cal errors in their questionnaires, 256 patients violated the 

study protocol, 200 had a history of previously prescribed 

fixed-combination eye drop use, and six patients were under 

20 years of age. In total, the data from 3,597 patients (81.2%), 

including 1,690 male and 1,907 female patients, were used in 

the analyses. The mean age was 68.4±12.2 years. The study 

included 1,852 POAG, 1,373 NTG, 14 XFG, and 228 OH 

patients. The total number of subjects using any type of pros-

taglandin analog eye drops was 3,240. Among these subjects, 

latanoprost was the most frequently used (54.6%) followed by 

travoprost (16.0%), tafluprost (13.6% subjects), and bimato-

prost (8.9%), and others. The initial IOPs of the right and 

left eyes were 15.4±3.6 and 15.3±3.6 mmHg, respectively. 

Detailed demographics are presented in Table 1.

changes in questionnaire surveys 
between study entry and the return visit
Table 2 compares changes in common questions between 

the two surveys performed at entry and the return visit. At 

the time of the return visit, the number of bottles of ocular 

hypotensive eye drops used was significantly reduced from 

1.93±0.78 bottles to 1.34±0.54 bottles (P0.0001; Wilcoxon 

signed-rank test). The rate of nonadherence was significantly 

reduced from 27.7% to 17.7% due to PGTFC introduction 

(P0.0001; chi-squared test). The number of patients 

complaining of burdensome eye drops was also significantly 

reduced after the introduction of fixed-combination eye drops 

(P0.0001; contingency table analysis). At entry, patients 

more frequently forgot to instill eye drops in the morning, fol-

lowed by at noon; after PGTFC introduction, most subjects 

forgot to instill eye drops at noon (P0.0001; contingency 

table analysis). Intervals of more than 5 minutes were most 

common both at entry and the visit after PGTFC introduction, 

and the number of patients with longer intervals was signifi-

cantly increased after introduction of the fixed-combination 

eye drops (P0.0001; contingency table analysis).

effects of PgTFc introduction on patient 
attitude
Changes in patient attitude after PGTFC introduction are 

shown in Figure 2. A total of 46.4% or 14.0% of patients 

completely or partially agreed, respectively, that the PGTFC 

alleviated the burden of instilling eye drops (Figure 2A). 

A total of 46.3% of patients completely or partially agreed 

that PGTFC introduction contributed to a decrease in the 

forgetting of eye drop instillation, while 28.2% of the 

patients did not agree or totally disagreed with this statement 

(Figure 2B). However, PGTFC introduction did not influence 

Table 1 Demographics of the enrolled patients upon entry

Parameters Values

Age (years) 68.4±12.2
Gender, n (male/female) 1,690/1,907
Subject number per glaucoma subtype, n

POAg 1,852
nTg 1,373
XFg 14
Oh 228

Preoperative logMAr 0.012268±0.20071
Pre-MD (dB) -4.03±5.69
Pre-IOP (higher eye, mmHg) 16.1±3.8
Period of past treatment (years) 3.14±1.1
Number of eye drops (range) 1.93±0.78 (1–4)
Experiencing difficulty seeing 69.5%
Experiencing visual field loss 31.8%

Note: Data shown as mean ± sD unless indicated otherwise.
Abbreviations: POAG, primary open-angle glaucoma; NTG, normal tension glaucoma; 
XFg, pseudoexfoliation glaucoma; Oh, ocular hypertension; logMAr, the logarithm of 
the minimum angle of resolution; MD, mean deviation; iOP, intraocular pressure.

Table 2 Changes in the questionnaire survey outcomes between 
study entry and the return visit

Parameters At entry Revisit

Number of eye drops (range) 1.93±0.78 (1–4) 1.34±0.54 (1–5)

Nonadherent* (P0.0001)
no 2,600 2,960
Yes 997 637

Burden of instillation of eye drops§ (P0.0001)
no 2,136 2,368
slightly yes 1,294 1,132
Yes 158 88

Acceptable bottles of eye drops 2.39±1.00 2.33±0.97
Acceptable frequency of instillation 2.36±1.02 (time) 2.37±1.00 (time)

When instillation was forgotten§ (P0.0001)
Morning 32.2% 24.1%
noon 31.1% 34.4%
evening 21.0% 17.7%
Before sleep 15.8% 23.9%

Who performed the instillation
self 96.7% 96.3%
Family member 2.9% 3.4%
Medical helper 0.4% 0.3%

Use of eye drop aids (yes) 2.9% 3.2%
Interval between eye drop instillation§ (P0.0001)

consecutive 6.0% 4.5%
1 minute 7.8% 6.8%
3 minutes 10.8% 10.0%
5 minutes 75.4% 78.7%

Notes: *Chi-square test; §Wilcoxon signed-rank test. Data shown as mean ± sD 
unless indicated otherwise.
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eyedrop-induced hyperemia or a foreign body sensation 

(Figure 2C). In total, 42.4% or 17.4% of patients totally or 

partially preferred the PGTFC, respectively, while 4.7% or 

6.0% of patients partially or totally disliked the PGTFC, 

respectively (Figure 2D).

Factors associated with adherence
Table 3 shows the factors associated with adherence, as 

determined by multivariate logistic regression analysis. In 

brief, nonadherence at entry, as reported by the patients 

and their physicians; an acceptable frequency of eye drop 

instillation, as reported at entry and at the return visit; and 

burdensome eye drop use reported at the return visit were 

found to be risk factors associated with nonadherence. No 

significant difference was observed in adherence between 

patients given leaflet A and those given leaflet B.

change in knowledge of glaucoma
All six questions were categorized into two groups. One 

group comprised questions 1–3, which focused on fundamen-

tal knowledge regarding eye drop use. The other group com-

prised questions 4–6, which focused on glaucoma-specific 

knowledge. The induction of PGTFC significantly improved 

the percentage of correct answers to questions 1, 2, 5, 6, all 

questions, questions in group 1, and questions in group 2, 

while the introduction of PGTFC significantly deteriorated 

the rate of correct answers to question 4 (Figure 3).

Discussion
This prospective cohort large study conducted a nationwide 

questionnaire-based survey regarding adherence to glaucoma 

eye drop use and associated factors among Japanese glau-

coma patients who were newly introduced to PGTFC. A total 

Table 3 Factors associated with adherence

Parameters P-value Odds ratio Lower 95% CI Upper 95% CI

Nonadherent, reported by patient at entry 0.0001 8.157 6.4008 10.4327
Nonadherent, reported by ophthalmologist at entry 0.035 1.2946 1.0178 1.6436
Acceptable frequency of one-day instillation at entry 0.034 0.8386/one time 0.7126 0.9861
Acceptable frequency of one-day instillation at revisit 0.002 0.7733/one time 0.6570 0.6570
Burden of eye drop use at revisit 0.005 2.3374 1.3014 4.1454
Leaflet A/B 0.058 1.2144 0.9936 1.450

Abbreviation: CI, confidence interval.

Figure 2 effects of PgTFc introduction on patient attitude.
Notes: (A) Relief of burden due to PGTFC introduction. (B) Decreased forgetting of eye drop use in response to PGTFC introduction. (C) Decreased hyperemia and 
discomfort in response to PGTFC introduction. (D) Preference regarding the PgTFc.
Abbreviation: PGTFC, prostaglandin analog and timolol fixed-combination eye drops.
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of 3,597 patients involving more than 1,300 medical facili-

ties participated in this study,20 which represents the largest 

scale study in Japan; the scale of this study was similar to or 

larger than that of previous studies worldwide.6,21,22 Because 

the patients and ophthalmologists who participated in this 

study were distributed evenly across Japan, we believe that 

the results may reflect the current Japanese status and that 

the sample bias of this study is limited.20

Adherence plays a key role in therapeutic effects.2 Poor 

adherence destabilizes IOP control in glaucoma treatment,23,24 

and adherence is essential for the best outcomes of glaucoma 

treatment.6,25

This study revealed that introduction of PGTFC had a 

positive effect on adherence. PGTFC introduction reduced 

the number of eye drops used in this study, which may have 

contributed to adherence and is consistent with previous 

reports.26,27

The interval of eye drop instillation was significantly 

improved at the return visit after PGTFC introduction, and 

this may contribute to an increased efficacy of the eye drops. 

The precise reason for this is not clear, but the reduction 

in the number of eye drops used is possibly related to this 

positive effect.

This was a longitudinal study; thus, we can identify 

some PGTFC introduction-associated factors associated with 

adherence that have rarely or never been reported previously, 

including a history of nonadherence, an acceptable instilla-

tion frequency, and having burdensome eye drop use. These 

single-patient-based findings should be considered to predict 

adherence in addition to other factors that have previously 

been reported to be associated with adherence.

This study revealed that general knowledge of eye drops 

and glaucoma was improved after PGTFC introduction. 

A knowledge of glaucoma may be associated with adherence. 

We have reported that giving medical information to patients 

directly improved IOP control.28 In this study, patients ran-

domly received one of two leaflets that were expected to 

result in different effects on patient knowledge. One leaflet 

provided fundamental information regarding correct eye drop 

use, and the other provided glaucoma-specific knowledge 

based on the presumption that improved glaucoma knowl-

edge may improve adherence. These two leaflets may have 

played a role in improving the percentage of correct answers 

on the questionnaires, but we could not confirm that different 

roles were played by these two leaflets. However, this does 

not lead to the conclusion that glaucoma knowledge has 

no effect on adherence because the patients received these 

leaflets only once, and no further intervention influencing 

glaucoma knowledge was conducted in this study; thus, the 

provided leaflets may not have been sufficient to improve 

glaucoma knowledge.

This study has some limitations. Adherence was esti-

mated using only questionnaires, although a large number 

of patients participated in the study. Adherence was difficult 

to accurately confirm because we did not employ electronic 

monitoring devices as used in previous studies.7,23,29–31 

Although patients and ophthalmologists widely participated 

in the study across Japan, selection bias was not completely 

removed. We employed a longitudinal study to investigate 

the effect of PGTFC introduction on adherence. However, 

a limitation of the current results is that we did not include 

control patients. We employed a questionnaire survey in this 

Figure 3 Change in the percentage of correct answers between study entry and the return visit.
Abbreviation: Q, question.
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study, but studies weighing bottles or checking daily logs 

of administration may be preferable to clarify the status of 

adherence.

Conclusion
This large-scale nationwide study revealed that the introduc-

tion of fixed-combination eye drops significantly improved 

adherence, and a history of poor adherence, burdensome 

instillation, and an acceptable frequency of instillation were 

associated with adherence. Ophthalmologists should consider 

these results to improve glaucoma care.
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Supplementary materials

Figure S1 (Continued)
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Figure S1 (A) Questionnaire for patients. (B) Questionnaire for ophthalmologists.
Abbreviation: MD, mean deviation.
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Figure S2 Questionnaire for patients when revisiting the hospital or medical clinic.
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