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The association between glaucoma 
treatment adherence with disease 
progression and loss to follow‑up
Laura Oltramari 1, Steven L. Mansberger 2, Júlia Mendonça Ponte Souza 1, 
Luciene Barbosa de Souza 1, Sarah Fumian Milward de Azevedo 1 & Ricardo Y. Abe 1,3*

Prospective cohort study from Brazil to evaluate glaucoma treatment adherence using a medication 
event monitoring system (MEMS) device and correlate with glaucoma progression and loss to 
follow‑up (LTF) after one year of follow up. We included primary open glaucoma (POAG) patients 
treated with at least one ocular hypotensive eye drop. MEMS devices was used to monitor adherence 
for 60 days and evaluate the percentage of doses prescribed taken within the 60‑day period. We 
classified patients according to rates of adherence: low adherence (less than 75% from MEMS 
measurements) and high adherence (more than 75% from MEMS measurements). We applied a 
questionnaire to investigated self‑reported behavior towards treatment behaviors (glaucoma 
treatment compliance assessment tool, GTCAT). We also correlated rates of treatment adherence with 
clinical, demographical variables and the occurrence of glaucoma progression or LTF after one year 
of observation. We included 110 POAG patients and found that 28.18% of them were considered low 
adherent. We identify several variables associated with poor adherence such as glaucoma progression, 
LTF, younger age, low educational and income levels, absence of health insurance, years of disease 
and peak intraocular pressure. Several constructs from the self‑reported GTCAT were also correlated 
with the rates of treatment adherence. To date, this is the first study in Latin America to evaluate 
glaucoma treatment adherence with MEMS devices and correlate adherence rates with glaucoma 
progression and LTF. We found a low‑adherence rate of 28.18% and several additional risk factors were 
statistically associated with poor adherence.

Glaucoma is considered an optic neuropathy with a multifactorial cause, characterized by the loss of retinal 
ganglion cells, optic nerve atrophy and visual field  loss1. Intraocular pressure (IOP) is the main risk factor for the 
progression of the disease, and although there are cases in which IOP is normal, it is the only factor at which we 
can interfere in order to slow down the damage to the optic  nerve2. Despite many advances in treatment over 
the past two decades, glaucoma remains one of the leading causes of irreversible blindness  worldwide3.  As life 
expectancy increases, it is believed that there will be a significant increase in people with the condition around 
the  world4. In Brazil, despite the low number of epidemiological studies, it is estimated that 3.4% of subjects over 
40 years old may have  glaucoma5. In addition, glaucoma seems to be important cause of visual impairment and 
blindness in some regions of  Brazil6.

The clinical treatment of glaucoma aims to prevent the progression and avoid loss of quality of life due to 
visual  impairment7. However, adherence to treatment in asymptomatic chronic diseases such as glaucoma is 
a delicate  matter8. In addition, previous study has shown that around 30% of glaucoma patients can loss the 
follow-up (LTF) over a 10-year period and this can be associated with poor clinical outcomes, such as worsening 
of  glaucoma9. Thus, investigating the relationship between LTF and treatment adherence is crucial.

Several barriers to treatment adherence were previously described, including forgetfulness, the large number 
of drugs prescribed, side-effects of medications, insufficient disease awareness about pathophysiology of glau-
coma, absence of immediate benefits and inability to afford the  medication10,11. Other studies have previously 
described adherence patterns to glaucoma treatment in  Brazil12–14. However, none of those studies investigated 
rates of treatment adherence using objective metrics with monitoring devices and correlated adherence rates 
with glaucoma progression and LTF. Our study applied medication adherence monitoring system (MEMS) to 
objectively quantify rates of adherence and identify possible risk factors associated with poor adherence.
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Results
We included a total of 110 glaucoma participants. Table 1 shows a mean age of 68.9 years (± 9.77 years) with 
about half (57.2%) of the participants being female. 45.4% of the patients were Caucasian and 22.7% were African 
American. We found a mean adherence rate of 82.24 ± 19.7%. When considering the 75% cut-off for adherence, 
we estimated that 28.18% were non-adherent to treatment. Table 1 contains additional data including educa-
tion and income. Around 75% of the patients were retired and 46.3% were married. 43.6% of the patients have 
health insurance. The mean time since glaucoma diagnosis (years of disease) was 6.7 years (± 8.3 years). 84.5% of 
patients reported that they instill the drops themselves, not requiring help from other people. The mean deviation 
from SAP was − 7.48 (± 7.44 dB) for the better eye and − 12.89 (± 9.60 dB) for the worse eye. Based on the mean 
deviation, patients were classified as having initial (32.7%), moderate (24.5%) and advanced (42.7%) glaucoma. 
From the total sample, 35 patients (33%) progressed (12 patients progressed exclusively from OCT, 10 patients 
progressed exclusively from SAP and 13 patients presented progression in both SAP and OCT). When analyzing 
only patients that presented progression during follow-up, per severity of glaucomatous damage, detection of 
progression exclusively by SAP was detected in 30% for initial, 10% for moderate and 60% for advanced glau-
coma. Progression exclusively by OCT was detected in 33% for initial, 41% for moderate and 37% for advanced 
glaucoma. Finally, progression by SAP and OCT was detected in 28% for initial, 34% for moderate and 37% for 
advanced glaucoma. From the total sample, 23 patients (20.9%) presented LTF after one year of observation. Of 
these, approximately 14 patients were considered non-adherent to treatment. Of the 87 patients (79.0%) who 
maintained regular follow-up within the first year of observation, 65 of them were considered adherent to the 
treatment with eye drops.

According to the Spearmen correlation analysis (Table 2), glaucoma progression was associated with the 
rates of adherence for both low adherence group (r = 0.42, P = 0.049, Fig. 1) and high adherence group (r = 0.31, 
P = 0.007). The rate of LTF was also correlated with adherence in low adherence group (r = 0.44, P = 0.012, Fig. 2), 
but not with the high adherence group (r = 0.16, P = 0.099). No other clinical demographical variable was related 
with adherence in the low adherence group. Whereas for patients with high adherence, several other variables 
were associated with poor adherence such as older age (r = 0.22, P = 0.045), low educational (r = 0.31, P = 0.005) 
and income (r = 0.24, P = 0.033) levels, absence of health insurance (r = 0.38, P < 0.001), years of disease (r = 0.23, 
P = 0.004) and peak intraocular pressure (r = 0.26, P = 0.020). We have also performed a univariable regression 
analysis and found that, LFT (P = 0.006), education level (P = 0.012), health insurance (P = 0.018), years of disease 
(P = 0.054) and visual acuity (P = 0.040) were statistically correlated with rates of treatment adherence. However, 
In the multivariable analysis, none of the variables remained statistically significant (Supplemental Table).

We evaluated the responses from the GTCAT according to the constructs from the health belief model such 
as, knowledge on the severity of the disease, barriers associated with the lack of eyedrop, self-efficacy, side effect 
of treatment, susceptibility to the disease, cues to action and perception of the benefit of treatment. According 
to Table 3, for patients with low adherence, the construct of self-efficacy (r = 0.39, P = 0.027) and cues to actions 
(r = 0.42, P = 0.018) were associated with rates of adherence. For patients with high adherence, the constructs of 
knowledge on the severity of the disease (r = 0.39, P < 0.001), barriers associated with the lack of eyedrop (0.43, 
P < 0.001) and perception of the benefit of treatment (r = 0.27, P = 0.15) were associated with rates of adherence.

Discussion
The adherence to glaucoma treatment is crucial to avoid the risk of progression of the disease, minimizing the 
chances of developing visual impairment and blindness. Studies that investigate the rates of adherence and 
identify possible risk factors for poor adherence are needed as the eyes drops remain as the mainstream option 
for glaucoma treatment, especially in underserved countries like Brazil, in which access to lasers and minimally 
invasive surgeries is difficult. To date, this is the first study in Latin America to apply electronic monitoring 
devices to objectively measure the rates of adherence of glaucoma patients. We have identified several barriers 
to adherence that can help us as clinicians to better guide our patients to improve their adherence to treatment.

We found a non-adherence rate of 28.18%, which corroborates the findings from previous studies in Brazil. 
Lopes et al. found a non-adherence rate of 32.3% and Castro et al. reported a rate of 20.2%, with both stud-
ies using questionnaires to measure the rates of  adherence12,13. Silva et al. found a non-adherence rate of 20% 
applying structured interviews on 50 glaucoma  patients14. It is important to note that even though these stud-
ies have not used objective measurements as ours, the rates of adherence are similar, showing that the average 
rate of proper adherence is lower than 70%. When comparing to other developing countries, we found that the 
non-adherence rate can exceeds 50%. In fact, a study carried out in a tertiary hospital in North India, 49% of 
the 150 patients interviewed reported problems in using glaucoma medications, with 16% of them reporting 
total non-compliance and 35% of patients demonstrated improper drop administration  technique15. In another 
study conducted in a hospital in Hong Kong, of the 71 patients interviewed, 45 patients reported taking their 
medication incorrectly, with 44 patients (63.4%) admitting to having missed doses in the period between the 
last and the present follow-up  visit16. Of the 44 patients, the majority (79.5%) reported missing a dose less than 
5 times per  week17. This low rate of adequate adherence and improper drop administration technique shows the 
importance of knowing our patient’s behavior towards the eyedrop administration.

In the current study, for both groups of patients (low and high adherence), the adherence rates were associ-
ated with glaucoma progression. Rossi et al., in a retrospective study that included 35 patients, with 36 months 
of follow-up showed that 25 (71.4%) patients with stable visual fields had a median adherence rate of 85%, while 
patients who presented visual field progression (n = 10, 28.6%) had a median adherence of 21%17. Newman-
Casey et al. evaluated relationship between medication adherence and visual field progression in 306 subjects 
from the medication arm of the Collaborative Initial Glaucoma Treatment Study. Participants were followed up 
at 6-month intervals for up to 10 years. Self-reported medication adherence and visual fields were  measured18. 
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They found that worse medication adherence was associated with loss of mean deviation over time (P = 0.005). 
In the current study, we have evaluated progression by SAP and OCT. We corroborate a previous study that 
investigated the odds of detecting progression between SAP versus OCT in different stages of glaucomatous 

Table 1.  Clinical and Demographic Characteristics of Subjects of Study.

Parameters Total subjects (n = 110)

Adherence rate %

 Mean + /− SD 82.24 + /− 19.76

 Range 30.25 to 100

Age

 Mean + /− SD 68.91 + /− 9.77

 Range 43 to 91

Gender

 Male 47 (42.73%)

 Female 63 (57.27%)

Employment status

 Job 19 (17.27%)

 Unemployed 10 (9.09%)

 Retired 81 (73.64%)

Marital Status

 Married 51 (46.36%)

 Single 17 (15.45%)

 Widover 25 (22.73%)

 Divorced 17 (15.45%)

Schooling

 Illiterate 11 (10.00%)

 Elementary school incomplete 29 (26.36%)

 Elementary school complete 17 (15.45%)

 Middle school incomplete 2 (1.82%)

 Middle school complete 18 (16.36%)

 University incomplete 3 (2.73%)

 University complete 30 (27.27%)

Race

 Caucasian 50 (45.45%)

 African American 53 (51.73%)

 Asian 4 (3.64%)

Health insurance

 Yes 48 (43.64%)

 No 62 (56.36%)

Years of disease

 Mean + /− SD 6.73 + /- 8.34

 Range 1 to 49

Who instill the eyedrop

 Patient 93 (84.55%)

 Another person 17 (15.45%)

Mean Deviation

 Better eye − 7.48 dB

 Worst eye − 12.89 dB

Glaucoma severity

 Initial 36 (32.73%)

 Moderate 27 (24.55%)

 Advanced 47 (42.73%)

Best corrected visual acuity

 Better eye 0.13

 Worst eye 0.36
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damage, as our rates of progression showed that patients with early glaucoma can progress more frequently 
with OCT (initial 33% versus advanced 25%), whereas patients with advanced glaucoma can present progres-
sion more frequently with SAP (initial 30% versus advanced 60%)19. Our findings corroborate previous studies, 
that rates of treatment adherence can be associated with glaucoma progression. Although further studies with 
longer follow-up are necessary.

In the current study, we have set different time intervals for visits to define LTF according to the severity of 
glaucoma following the Preferred Practice Pattern from the American Academy of Ophthalmology, as rapid 
visual field progression may be detected earlier by performing more visual fields per year and the frequency of 
evaluations can be dependent of the severity of  damage20. However, we acknowledge that, a shorter cut-off period 
for more advanced glaucoma patients could have created a larger percentage of LTF in those groups leading to 
biased results. On the other hand, as patients with advanced glaucoma are at higher risk of losing remaining 
visual field and more prone to lose visual-related quality of life, we consider a 4-month interval between visits 
an acceptable period for those patients. In fact, Davis et al. have reviewed 145,234 health records of patients that 
lost follow-up between 2007 and 2012 and identified 16 patients who had come to serious harm as a result of LTF, 
with a profound effect on their vision, which could have been  prevented21. Interestingly, nearly all (88%) of the 
patients identified who came to serious harm had glaucoma. This highlights the fact that despite treatment and 

Table 2.  Correlation of different variables with rates of glaucoma treatment adherence.

Variable

Low Adherence (n = 22) High Adherence (n = 88)

Correlation (rho) P value Correlation (rho) P value

Glaucoma progression 0.42 0.049 0.31 0.007

Lost of follow-up 0.44 0.012 0.18 0.099

Age 0.10 0.561 0.22 0.045

Gender 0.27 0.139 0.16 0.157

Race 0.01 0.933 0.08 0.469

Marital status 0.13 0.478 0.08 0.452

Job status 0.24 0.183 0.04 0.688

Education level 0.04 0.923 0.31 0.005

Family income 0.07 0.671 0.24 0.033

Health insurance 0.31 0.079 0.38  < 0.001

Years of disease 0.29 0.103 0.23 0.004

Number of eye drops 0.04 0.981 0.06 0.551

Who instill the eye drop 0.03 0.835 0.10 0.087

Co-morbidity index 0.14 0.425 0.10 0.889

Better eye mean deviation 0.08 0.656 0.04 0.480

Worse eye mean deviation 0.03 0.843 0.08 0.966

Better eye visual acuity 0.02 0.980 0.14 0.119

Worse eye visual acuity 0.12 0.502 0.14 0.211

Peak intraocular pressure 0.24 0.186 0.26 0.020

Figure 1.  Box plot chart showing the rates of glaucoma treatment adherence according to glaucoma 
progression in patients in the low adherence group.
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monitoring, patients with glaucoma still can become  blind22. We found that patients with lower adherence rates 
to glaucoma treatment are also at higher risk to present LTF over time. Also, the component of cue-to-action 
from the GTCAT questionnaire were also correlated with low-adherence (Table 3), showing that those patients 
lack a stimulus to trigger the decision-making process to accept a recommended health action, such as using the 
eye-drops correctly or attending the ophthalmic consultations as requested.

We found that rates of adherence were associated with family income and educational level. In a study carried 
out in a tertiary hospital in New Delhi, from 150 glaucoma patients, only a fourth understood to some extent, 
the need for compliance, and the risk of progression to blindness if the drugs were not  used23. Patients with post-
graduate degree were more compliant with their medication (100%) in comparison to the less educated group 
(88.2%).In southern India, a study investigated 399 patients with newly diagnosed glaucoma. Patients with higher 
levels of education (30%) had an adequate follow-up, while only 18.5% of patients with primary education or no 
formal education had adequate follow-up24. Castel et al. approached 738 patients with glaucoma and assessed 
adherence using the medication possession  ratio25. The study highlighted that, compared with good adherents, 
non-adherents subjects tended to be less educated (11 ± 4 years versus 12 ± 4 years of education, P = 0.002), and 
have lower income (65% versus 53% declared earning an income below average, P = 0.004). According to the 
latest survey carried out by the Brazilian Institute of Geography and Statistics, the proportion of people aged 25 
or over who completed higher education in 2019 was only 17.4%. The rate of people aged between 55 to 64 with 
higher education in Brazil is 14.3%, whereas the world average is between 25 and 30%26. In Brazil, Magacho 
et al. have demonstrated that the monthly cost of glaucoma can correspond up to 15.5% of the familial income 
and around 45.2% of patients can present difficulty in buying their  medications27. Thus, we should certify that 
glaucoma patients with lower level of education are able to understand the importance of using the eyedrops, as 
well as the benefits of proper treatment and consultations and assure that they have enough economic resources 
to acquire the medications.

We found that patients with lower levels of IOP had better adherence. In a study carried out in Italy with 56 
patients evaluated for a period of 6 months using electronic monitoring device, no association between IOP and 
adherence was found, indicating that normal IOP does not necessarily imply good  adherence28. Higher levels 
of IOP can lead doctors to assume a poor response to medication. In these cases, adding new drugs in attempt 
to achieve target IOP may be misleading as adherence rates tend to fall with more complex treatment regimens. 
Gray et al. evaluated the impact of individualized patient care on adherence separating patients in two  groups29. 

Figure 2.  Box plot chart showing the rates of glaucoma treatment adherence according to loss of follow-up in 
patients in the low adherence group.

Table 3.  Correlation between rates of glaucoma treatment adherence with constructos from the Glaucoma 
treatment compliance assessment tool (GTCAT). GTCAT: Glaucoma treatment compliance assessment tool.

GTCAT constructs

Low adherence (n = 22) High adherence (n = 88)

Correlation (rho) P value Correlation (rho) P value

Knowledge on the severity of the disease 0.11 0.543 0.39  < 0.001

Barriers associated with the lack of eye drop 0.29 0.104 0.43  < 0.0001

Self efficacy 0.39 0.027 0.01 0.871

Side effect of treatment 0.142 0.445 0.14 0.217

Susceptibility to the disease 0.05 0.773 0.12 0.269

Cues to action 0.42 0.018 0.12 0.290

Perception of the benefits of treatment 0.16 0.389 0.27 0.015



6

Vol:.(1234567890)

Scientific Reports |         (2024) 14:2195  | https://doi.org/10.1038/s41598-024-52800-2

www.nature.com/scientificreports/

The intervention group were assigned to an intervention nurse, who conducted face-to-face needs assessments 
for more than 24 months. Interestingly, improved adherence did not lead to a statistically significant difference in 
IOP after 12 months, with mean IOP in the intervention group was 16.9, (± 3.6 mmHg) versus 17.4, (± 3.5 mmHg) 
for the control  group26. Despite our finding that patients with lower levels of IOP had better adherence rates, 
no causality effect between these two variables can be established. In the current study, we found significant 
correlation in the Spearmen analysis and univariable linear regression analysis, whereas in the multivariable 
no correlation was found between variables. This highlights the fact that adherence in glaucoma treatment is a 
multifactorial and complex issue that can be related to multiple variables. However, we do not believe that this 
invalidate our results, as we were still able to show correlation in the Spearmen correlation and in univariable 
analysis, which suggest a trend in which future studies could further investigate.

In patients with high adherence, we found that patients with older age had worse rates of treatment adherence 
(r = 0.22, P = 0.045). Friedman et al. have previously reported that patients with less than 50 years or more than 
80 years of age are more like to have poor  adherence30. In the current study the median age was 70 years (IQR: 
62–75 years), which could explain the fact that correlation was stronger in older patients, as we had a small num-
ber of patients below 50 years old. The current study found that patients with health insurance had better rates of 
adherence. In Brazil it is estimated that only 25% of the population have access to private health insurance and 
these rates can vary in different regions of Brazil. In the current study more than 45% of our sample had health 
insurance. Thus, we could imply that in Brazil, in general, we would find even lower levels of adherence than 
reported. The present study found that patients with more years of the disease presented better adherence rates. 
In fact, Friedman et al. found that patients who have undergone anti-glaucoma therapy for less than a year are 
less  compliant30. In their study, 32 patients started using eyedrops less than a year with a non-adherence rate of 
48.4%, and 162 patients were undergoing treatment for more than a year with a non-adherence rate of 43.8%. 
A cross-sectional study carried out in Brazil with 255 glaucoma patients used the Morisky Adherence Scale to 
assess adherence to  treatment31. Patients newly diagnosed with glaucoma (less than five years) comprised only 
34.1% of the study sample but corresponded to 63.3% of the individuals who interrupted their glaucoma treat-
ment (P = 0.001). In the current study we chose not to include newly diagnosed glaucoma patients.

The GTCAT has been widely used to assess adherence in glaucoma patients due to its good construct validity 
with proper Rasch psychometric properties and containing specific constructs from the Health Belief Model that 
health care providers may address to improve  adherence32,33. In the current study, in patients with low adherence, 
the GTCAT constructs of self-efficacy (r = 0.39, P = 0.027) and cues to actions (r = 0.42, P = 0.018) were associated 
with rates of adherence. For patients with high adherence, the constructs of knowledge on the severity of the 
disease (r = 0.39, P < 0.001), barriers associated with the lack of eyedrop (0.43, P < 0.001) and perception of the 
benefit of treatment (r = 0.27, P = 0.15) were associated with rates of adherence. It is important to investigate the 
performance of self-reported adherence questionnaires as objective measurements with electronic monitoring 
devices in clinical practice is not always feasible, due to the cost of the devices and not all patients may agree 
to be electronically monitored. Hopefully future studies may investigate whether specific questions from the 
GTCAT could eventually serve as a biomarker for showing those with patient at higher risk for poor adherence.

This study has several limitations. First, although we reported the around 81% of patients were adherent 
go treatment, we did not assess instillation technique to evaluate whether patients were using the medication 
properly. Second, although we have included patients from 2 different glaucoma centers to recruit individuals 
with different degrees of socio-economic and health insurance status, Brazil has very distinct socio-economic 
differences according to regions, and future multicentric studies should be performed to validate our results. 
Third, IOP was assessed only using measurements at the inclusion visit. Future studies can include longitudinal 
IOP assessments to identify if IOP fluctuations can be related with adherence. Fourth, patients under clinical 
studies monitored with devices can present higher rates of adherence. Even though patients stayed 60 days with 
the MEMS devices, which could have minimized this effect, we can imply that the actual rates of true adherence 
can be lower than we have reported for patients in a real-world scenario. Fifth, glaucoma is a chronic and insidi-
ous disease and evaluating progression for just one year might not be enough, however even for this small interval 
of the study (1 year), we were able to detect patients that presented progression (35 patients), suggesting that if a 
longer monitoring was performed a higher number of patients could have presented progression. The uncommon 
number of patients that progressed under treatment can be related to the fact that we included patients without 
health insurance, which could lead to worse follow-up delaying the detection of IOP spikes or inability to afford 
with the eye-drops, leading to glaucomatous progression. Finally, during the follow-up, the interval between visits 
were different according to the stage of the disease, which could have increased the difficulty to detect changes in 
patients with initial glaucomatous damage, as these patients had less visits compared to patients with moderate 
and advanced disease. However, we evaluated both functional and structural measurements, using both SAP 
visual field parameters and OCT scans, improving the chances of progression detection as retinal nerve fiber layer 
evaluation can occurs more commonly in patients with mild stage of disease, comparing to those in later stages 
of the disease. In the current study, we have not included newly diagnosed glaucoma patients. Thus, all patients 
already had proper baseline visual field and OCT evaluation, which made the detection of progression more 
reliable. In addition, from the total of 35 patients that presented progression, 25 patients (72%) had moderate or 
advanced glaucoma, with 2–3 visits during the one-year follow-up.

The inappropriate use of eye drops may increase the inadvertent use of health resources, resulting in a 
reduction of effectiveness over treatment and an increased risk of treatment failure. In addition, it generates 
the need for excessive medical appointments and complementary exams, unjustified increases in doses, waste 
of pharmaceutical supplies and may increase the chances of the patient present progression of the disease 31,32. 
In conclusion, this is the first study in Latin America to objectively measure the rates of adherence of glaucoma 
patients using electronic monitoring devices. We found that the rates of adherence to glaucoma treatment were 
statistically correlated with glaucoma progression and LTF.
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Materials and methods
Patients’ recruitment
This prospective cohort study included primary open angle glaucoma (POAG) patients from the Department 
of Glaucoma at the Hospital Oftalmológico de Brasília (HOB) and the Fundação Regional de Assistência Oftal-
mológica (FRAO), Brasília, Brazil. The institutional review board at the HOB approved the methods, and we 
obtained written informed consent from all participants. All study methods complied with the Declaration of 
Helsinki guidelines for human subject research (IRB: 3479310.6.0000.5667). All patients underwent a complete 
ophthalmological examination (visual acuity, slit-lamp biomicroscopy, intraocular pressure measurement, goni-
oscopy with Possner goniolens, dilated fundoscopic examination and optic disc photography) and completed a 
socio-demographic form and the Glaucoma Treatment Compliance Assessment Tool (GTCAT).

Subjects underwent standard automated perimetry (SAP) using the 24-2 Swedish interactive threshold algo-
rithm (Carl Zeiss Meditec, Inc, Dublin, CA). To be included, subjects had to have a diagnosis of POAG using 
at least one ocular hypotensive medication. Glaucoma diagnosis was based on the presence of repeatable (at 
least two consecutive) abnormal SAP results with corresponding evidence of glaucomatous optic neuropathy 
in at least one eye. An abnormal SAP result was defined as a pattern standard deviation with P < 0.05, and/or 
Glaucoma Hemifield Test results outside normal limits. In some patients we also used measurement of retinal 
nerve fiber layer from optical coherence tomography (OCT) to confirm diagnosis (Avantis, Optovue, Fremont, 
CA)34. Patients with angle closure glaucoma and secondary glaucomas were not included. Newly diagnosed 
glaucoma patients were not included since treatment patterns could vary along the first months of the disease 
leading to bias when comparing to patients with more time of disease. After measuring the adherence rates over 
the 2-month period, patients were monitored for 1 year to detect glaucoma progression (with SAP, retinography 
and OCT imaging) and/or loss to follow-up (LTF).

The Hodapp, Parish and Anderson classification system was used to classify the glaucomatous  damage35. 
Previous studies have shown that disease progression in some patients may be detected first as either structural 
deterioration or worsening visual  field19. Because the relationship between baseline disease classification and 
the detection of progression by structural and functional is not, well established, we applied both tests simulta-
neously to monitor progression, with the clinicians (SFMA and RYA) masked to the measurement rates from 
MEMS  caps36. We define progression using functional assessment with SAP visual field using both trend and 
event analysis (Humphrey Glaucoma Progression Analysis)37. We also evaluated structural changes with OCT 
retinal nerve fiber layer analysis using Avantis (Optovue) software to detect changes applying both event (com-
paring thickness and deviation maps) and trend analysis (linear regression over time from the software)38. All 
exams were evaluated by two glaucoma specialist (RYA and SFMA) to assure structure–function correlations 
and also agreement between OCT scans with retinography and fundus examination. Both exams (visual fields 
and OCT imaging) were performed in the visits that occurred according to the severity of the disease (according 
to the severity of glaucoma, as follow: 9 months for initial, 6 months for moderate and 4 months for advanced 
glaucoma). Our national primary open angle glaucoma consensus (from the Brazilian Glaucoma Society) has 
defined to monitor glaucoma patients according to the severity of the disease, suggesting a 4-month interval 
between visits for patients with advanced glaucoma according to Hodapp and Parish visual field classification. 
Kim et al. defined LTF as greater than 12 months after proposed follow-up39. However due to the diversity of 
glaucoma damage of our sample, we consider LTF if the patient did not showed to consultation after successive 
clinic contacts (according to the severity of glaucoma, as follow: 9 months for initial, 6 months for moderate 
and 4 months for advanced glaucoma)40.

Glaucoma treatment compliance assessment tool (GTCAT)
The GTCAT was developed by Mansberger et al. using constructs of the Health Belief Model, expert opinion, 
and previous studies regarding adherence in glaucoma  patients41,42. The GTCAT consists of a 27-item form, of 
which 3 items are aimed at identifying barriers associated with treatment, 6 items related to forgetting due to 
lack of cues-to-action component, 2 items with stimulus or cues for actions, 7 items related to self-knowledge 
about the disease, 1 items address the doctor-patient relationship, 1 item addresses the perception of adherence to 
treatment, 3 items address knowledge on the severity of the disease and 3 items address the patient’s susceptibil-
ity to the disease. This questionnaire was previously translated into Brazilian Portuguese, and was psychometric 
validated with Rasch  analysis33.

Socio‑demographic form
Data were collected in relation to age, gender, race, marital and job status, education and income level, presence of 
health insurance, years of glaucoma diagnosis, number of hypotensive eyedrops, who instill the eyedrop. We also 
reviewed medical history for any of the following co-morbidities: diabetes mellitus, arthritis, hypertension, heart 
disease, depression, asthma, and cancer. A simple summation score was used to generate a co-morbidity  index43.

Medication event monitoring system (MEMS)
Medication adherence to glaucoma was assessed with a bottle equipped with a medication adherence monitoring 
system (MEMS). This system contains a microchip that records the date and time when the patient opens and 
closes the bottle. Previous studies have reported that up to 30% loss of follow-up can occur if patients stay with 
the MEMS devices for a 3-month  period44,45. Thus, data from the devices were extracted at the patient’s return 
60 days (approximately) from the date of delivery, where the device was returned to the researcher.

The researcher trained all participants to place the eye drops into the monitoring device as soon as the patient 
arrived home from the initial visit, and to open it only when the medication was to be instilled in the eyes, and 
to close the bottle after use. To avoid test openings by the patient or researcher, the first day on which the patient 
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started using the device was excluded, as well as the day of the final visit on which the patient returned the device 
to the researcher. AARDEX Power View software (version 3.5.1; Mead Westvaco Ltd, Sion, Valais, Switzerland) 
was used to analyze the time each bottle was unscrewed, and the total number of openings performed.

For patients who use the medication once a day (prostaglandins), a "valid opening" was counted as the one 
that occurred within 24 h (2 h more or less), that is, they were not counted as "valid opening” those that occurred 
less than 22 h apart or more than 26 h apart. For patients who use a medication twice a day, those that occurred 
within 12 h (2 h more or less) were counted as "valid opening", that is, they were not counted as "valid opening" 
those that occurred less than 10 h apart or more than 14 h apart. The classes of antihypertensive eye drops evalu-
ated were prostaglandin analogues, carbonic anhydrase enzyme inhibitors, alpha2-agonists and beta-blockers. 
Each eyedrop had a bottle with an exclusive monitoring system for its use, with a maximum of two devices being 
delivered to each patient. We evaluate the percentage of doses prescribed taken within the 60-day period. For 
example, if a patient were prescribed a prostaglandin, then the bottle should have been unscrewed 60 times over a 
60-day period. If the patient only unscrews the bottle 45 times, then their percent adherence would be 45 divided 
by 60 and multiplied by 100% (or 75%). In addition to that, we also calculated the number of invalid openings (if 
the patient used the medication more than 2 h than expected). For example, if the patient using a prostaglandin 
monotherapy, unscrew the bottle 50 times and presented 5 invalid openings, then their percent adherence would 
be 45 divided by 60 and multiplied by 100% (or 75%). The patient was considered “non-adherent” when these 
parameters was below 75%. This definition of a non-adherent patient is empirical and based on previous work 
that has been carried out in this  area46. For participants using more than one drug, we calculated the percentage 
of adherence separately for each MEMS device and then we average the results by the mean value from both 
devices, following the same criteria previously described.

Statistical analysis
The pattern of glaucoma treatment adherence is not normally distributed and studies about adherence should 
not be based exclusively on parametric  analysis47. In fact, Jones et al. have previously suggested that investiga-
tions should be performed separately for different range of adherence  rates47. In the current study, we have 
divided patients according to rates of adherence: low adherence (less than 75% from MEMS measurements) and 
high adherence (more than 75% from MEMS measurements), based on previous  study48. We performed Spear-
man rank correlation (nonparametric measure) to correlate the rates of adherence with glaucoma progression, 
loss of follow-up, clinical and demographical variables and also constructs from the self-reported GTCAT. We 
estimated that at least 100 patients would be required to achieve 80% power for a two-tailed test of Spearman’s 
coefficient at significance level 0.05, considering an estimated correlation of 0.3 between adherence and progres-
sion rates. In addition to that, our sample size is in accordance with previous studies from Sanchez et al. 27 Since 
glaucoma treatment adherence is complex and multifactorial subject, we have also performed a univariable and 
multivariable regression analysis between the rates of treatment adherence and other variables, including in the 
multivariable model only variables with P < 0.100. All statistical analyses were conducted with STATA, version 
13 (StataCorp LP, College Station, Texas, USA). The alpha level (type I error) was set at 0.05.

Data availability
The datasets used and/or analyzed during the current study are available from the corresponding author on 
reasonable request.

Received: 13 August 2023; Accepted: 23 January 2024

References
 1. Weinreb, R. N., Aung, T. & Medeiros, F. A. The pathophysiology and treatment of glaucoma: A review. JAMA 311, 1901–1911. 

https:// doi. org/ 10. 1001/ jama. 2014. 3192 (2014).
 2. Waterman, H., Evans, J. R., Gray, T. A., Henson, D. & Harper, R. Interventions for improving adherence to ocular hypotensive 

therapy. Cochrane Database Syst. Rev. 4, CD006132. https:// doi. org/ 10. 1002/ 14651 858. CD006 132. pub3 (2013).
 3. Flaxman, S. R. et al. Global causes of blindness and distance vision impairment 1990–2020: A systematic review and meta-analysis. 

Lancet Glob. Health 5, e1221–e1234. https:// doi. org/ 10. 1016/ s2214- 109x(17) 30393-5 (2017).
 4. Tham, Y. C. et al. Global prevalence of glaucoma and projections of glaucoma burden through 2040: A systematic review and 

meta-analysis. Ophthalmology 121, 2081–2090. https:// doi. org/ 10. 1016/j. ophtha. 2014. 05. 013 (2014).
 5. Sakata, K. et al. Prevalence of glaucoma in a South brazilian population: Projeto Glaucoma. Invest. Ophthalmol. Vis. Sci. 48, 

4974–4979. https:// doi. org/ 10. 1167/ iovs. 07- 0342 (2007).
 6. Ribeiro, G. B., Dobri, G. P. & Abe, R. Y. The frequency of blindness and visual impairment in the central-west region of Brazil. Arq. 

Bras. Oftalmol. 84, 402–403. https:// doi. org/ 10. 5935/ 0004- 2749. 20210 0104 (2021).
 7. Abe, R. Y. et al. The impact of location of progressive visual field loss on longitudinal changes in quality of life of patients with 

glaucoma. Ophthalmology 123, 552–557. https:// doi. org/ 10. 1016/j. ophtha. 2015. 10. 046 (2016).
 8. Newman-Casey, P. A. et al. The most common barriers to glaucoma medication adherence: A cross-sectional survey. Ophthalmol-

ogy 122, 1308–1316. https:// doi. org/ 10. 1016/j. ophtha. 2015. 03. 026 (2015).
 9. Williams, A. M., Schempf, T., Liu, P. J. & Rosdahl, J. A. Loss to follow up among glaucoma patients at a tertiary eye center over 10 

years: Incidence, risk factors, and clinical outcomes. Ophthalmic Epidemiol. 30, 383–391. https:// doi. org/ 10. 1080/ 09286 586. 2022. 
21277 87 (2023).

 10. Quaranta, L. et al. Adherence and persistence to medical therapy in glaucoma: An overview. Ophthalmol. Ther. 12, 2227–2240. 
https:// doi. org/ 10. 1007/ s40123- 023- 00730-z (2023).

 11. Samico, G. A. et al. Relationship between the number of glaucoma medications, ocular surface disorder, and treatment adherence. 
Arq. Bras. Oftalmol. 87, e20210525. https:// doi. org/ 10. 5935/ 0004- 2749. 2021- 0525 (2023).

 12. Lopes, J. F., Nemes, M. I. B., Hatanaka, M., Vaidergorn, P. G. & Malta, R. F. S. Non-adherence to glaucoma treatment in Brazil. 
Invest. Ophthalmol. Vis. Sci. 45, 938 (2004).

 13. Castro, A. N. & Mesquita, W. A. Noncompliance with drug therapy for glaucoma. Arq. Bras. Oftalmol. 71, 207–214 (2008).

https://doi.org/10.1001/jama.2014.3192
https://doi.org/10.1002/14651858.CD006132.pub3
https://doi.org/10.1016/s2214-109x(17)30393-5
https://doi.org/10.1016/j.ophtha.2014.05.013
https://doi.org/10.1167/iovs.07-0342
https://doi.org/10.5935/0004-2749.202100104
https://doi.org/10.1016/j.ophtha.2015.10.046
https://doi.org/10.1016/j.ophtha.2015.03.026
https://doi.org/10.1080/09286586.2022.2127787
https://doi.org/10.1080/09286586.2022.2127787
https://doi.org/10.1007/s40123-023-00730-z
https://doi.org/10.5935/0004-2749.2021-0525


9

Vol.:(0123456789)

Scientific Reports |         (2024) 14:2195  | https://doi.org/10.1038/s41598-024-52800-2

www.nature.com/scientificreports/

 14. Silva, L. R., de Paula, J. S., Rocha, E. M. & Rodrigues Mde, L. Factors related to glaucoma treatment compliance: Patients’ opinions 
from a University Hospital. Arq. Bras. Oftalmol. 73, 116–119 (2010).

 15. Rajurkar, K., Dubey, S., Gupta, P. P., John, D. & Chauhan, L. Compliance to topical anti-glaucoma medications among patients at 
a tertiary hospital in North India. J. Curr. Ophthalmol. 30, 125–129. https:// doi. org/ 10. 1016/j. joco. 2017. 09. 002 (2018).

 16. Pong, J. C., Lai, J. S., Tham, C. C. & Lam, D. S. Compliance with topical antiglaucoma medications. Hong Kong J. Ophthalmol. 9(1), 
12–15 (2005).

 17. Rossi, G. C., Pasinetti, G. M., Scudeller, L., Radaelli, R. & Bianchi, P. E. Do adherence rates and glaucomatous visual field progres-
sion correlate?. Eur. J. Ophthalmol. 21, 410–414. https:// doi. org/ 10. 5301/ ejo. 2010. 6112 (2011).

 18. Newman-Casey, P. A. et al. The association between medication adherence and visual field progression in the collaborative initial 
glaucoma treatment study. Ophthalmology 127, 477–483. https:// doi. org/ 10. 1016/j. ophtha. 2019. 10. 022 (2020).

 19. Abe, R. Y. et al. The relative odds of progressing by structural and functional tests in glaucoma. Invest. Ophthalmol. Vis. Sci. 57, 
Oct421–Oct428. https:// doi. org/ 10. 1167/ iovs. 15- 18940 (2016).

 20. Gedde, S. J. et al. Primary open-angle glaucoma preferred practice pattern®. Ophthalmology 128, P71–P150. https:// doi. org/ 10. 
1016/j. ophtha. 2020. 10. 022 (2021).

 21. Davis, A., Baldwin, A., Hingorani, M., Dwyer, A. & Flanagan, D. A review of 145,234 ophthalmic patient episodes lost to follow-up. 
Eye (Lond.) 31, 422–429. https:// doi. org/ 10. 1038/ eye. 2016. 225 (2017).

 22. Susanna, R. Jr., De Moraes, C. G., Cioffi, G. A. & Ritch, R. Why do people (still) go blind from glaucoma?. Transl. Vis. Sci. Technol. 
4, 1. https:// doi. org/ 10. 1167/ tvst.4. 2.1 (2015).

 23. Nayak, B. et al. Socioeconomics of long-term glaucoma therapy in India. Indian J. Ophthalmol. 63, 20–24. https:// doi. org/ 10. 4103/ 
0301- 4738. 151458 (2015).

 24. Do, A. T. et al. Effectiveness of glaucoma counseling on rates of follow-up and glaucoma knowledge in a south indian population. 
Am. J. Ophthalmol. 163, 180-189.e184. https:// doi. org/ 10. 1016/j. ajo. 2015. 12. 009 (2016).

 25. Cohen Castel, O., Keinan-Boker, L., Geyer, O., Milman, U. & Karkabi, K. Factors associated with adherence to glaucoma pharma-
cotherapy in the primary care setting. Fam. Pract. 31, 453–461. https:// doi. org/ 10. 1093/ fampra/ cmu031 (2014).

 26. Estatística, I. B. D. G. E. Censo da educação superior. Resumo técnico do censo da educação superior Brasil., https:// downl oad. inep. 
gov. br/ publi cacoes/ insti tucio nais/ estat istic as_e_ indic adores/ resumo_ tecni co_ censo_ da_ educa cao_ super ior_ 2019. pdf. (2021).

 27. Silva, L. M. D. S., Vasconcellos, J. P. C. D., Temporini, E. R., Costa, V. P. & Kara-José, N. Tratamento clínico do glaucoma em um 
hospital universitário: custo mensal e impacto na renda familiar. Arquivos Brasileiros de Oftalmologia 65, 299–303 (2002).

 28. Rossi, G. C. et al. Monitoring adherence rates in glaucoma patients using the Travatan Dosing Aid. A 6-month study comparing 
patients on travoprost 0.004% and patients on travoprost 0.004%/timolol 0.5% fixed combination. Expert Opin. Pharmacother. 11, 
499–504. https:// doi. org/ 10. 1517/ 14656 56100 36019 94 (2010).

 29. Gray, T. A. et al. Individualised patient care as an adjunct to standard care for promoting adherence to ocular hypotensive therapy: 
An exploratory randomised controlled trial. Eye (Lond.) 26, 407–417. https:// doi. org/ 10. 1038/ eye. 2011. 269 (2012).

 30. Friedman, D. S. et al. Risk factors for poor adherence to eyedrops in electronically monitored patients with glaucoma. Ophthalmol-
ogy 116, 1097–1105. https:// doi. org/ 10. 1016/j. ophtha. 2009. 01. 021 (2009).

 31. Araújo, T. D. A. C. D. et al. Patients’ compliance to clinical treatment that benefit from the Brazilian National Glaucoma Program. 
Revista Brasileira de Oftalmologia 79, 258–262 (2020).

 32. Sanchez, F. G., Mansberger, S. L. & Newman-Casey, P. A. Predicting adherence with the glaucoma treatment compliance assess-
ment tool. J. Glaucoma 29, 1017–1024. https:// doi. org/ 10. 1097/ ijg. 00000 00000 001616 (2020).

 33. Abe, R. Y., Wen, L. C., Barker, G. T. & Mansberger, S. L. Psychometric properties of the glaucoma treatment compliance assessment 
tool (GTCAT) in a Brazilian population. J. Glaucoma 27, 257–265. https:// doi. org/ 10. 1097/ IJG. 00000 00000 000876 (2018).

 34. Gracitelli, C. P., Abe, R. Y. & Medeiros, F. A. Spectral-domain optical coherence tomography for glaucoma diagnosis. Open Oph-
thalmol. J. 9, 68–77. https:// doi. org/ 10. 2174/ 18743 64101 50901 0068 (2015).

 35. Hodapp, E., Parrish, R. K. & Anderson, D. R. Clinical Decisions in Glaucoma 52–61 (CV Mosby, 1993).
 36. Abu, S. L., Marín-Franch, I. & Racette, L. Detecting progression in patients with different clinical presentations of primary open-

angle glaucoma. J. Glaucoma 30, 769–775. https:// doi. org/ 10. 1097/ ijg. 00000 00000 001843 (2021).
 37. Casas-Llera, P. et al. Visual field index rate and event-based glaucoma progression analysis: Comparison in a glaucoma population. 

Br. J. Ophthalmol. 93, 1576–1579. https:// doi. org/ 10. 1136/ bjo. 2009. 158097 (2009).
 38. Abe, R. Y., Gracitelli, C. P. & Medeiros, F. A. The use of spectral-domain optical coherence tomography to detect glaucoma progres-

sion. Open Ophthalmol. J. 9, 78–88. https:// doi. org/ 10. 2174/ 18743 64101 50901 0078 (2015).
 39. Young Kook, K., Jin Wook, J. & Ki Ho, P. Understanding the reasons for loss to follow-up in patients with glaucoma at a tertiary 

referral teaching hospital in Korea. Br. J. Ophthalmol. 101, 1059. https:// doi. org/ 10. 1136/ bjoph thalm ol- 2016- 309103 (2017).
 40. Robbins, C. C. et al. An Initiative to improve follow-up of patients with glaucoma. Ophthalmol. Sci. 1, 100059. https:// doi. org/ 10. 

1016/j. xops. 2021. 100059 (2021).
 41. Mansberger, S. L. et al. Psychometrics of a new questionnaire to assess glaucoma adherence: The glaucoma treatment compliance 

assessment tool (an American ophthalmological society thesis). Trans. Am. Ophthalmol. Soc. 111, 1–16 (2013).
 42. Barker, G. T. et al. Psychometric properties of the glaucoma treatment compliance assessment tool in a multicenter trial. Am. J. 

Ophthalmol. 159, 1092-1099.e1092. https:// doi. org/ 10. 1016/j. ajo. 2015. 03. 006 (2015).
 43. Globe, D. R. et al. Self-reported comorbidities and visual function in a population-based study: the Los Angeles Latino Eye Study. 

Arch. Ophthalmol. 123, 815–821. https:// doi. org/ 10. 1001/ archo pht. 123.6. 815 (2005).
 44. Okeke, C. O. et al. Adherence with topical glaucoma medication monitored electronically the Travatan Dosing Aid study. Oph-

thalmology 116, 191–199. https:// doi. org/ 10. 1016/j. ophtha. 2008. 09. 004 (2009).
 45. Boland, M. V. et al. Automated telecommunication-based reminders and adherence with once-daily glaucoma medication dos-

ing: The automated dosing reminder study. JAMA Ophthalmol. 132, 845–850. https:// doi. org/ 10. 1001/ jamao phtha lmol. 2014. 857 
(2014).

 46. Boland, M. V., Chang, D. S., Frazier, T., Plyler, R. & Friedman, D. S. Electronic monitoring to assess adherence with once-daily 
glaucoma medications and risk factors for nonadherence: The automated dosing reminder study. JAMA Ophthalmol. 132, 838–844. 
https:// doi. org/ 10. 1001/ jamao phtha lmol. 2014. 856 (2014).

 47. Jones, J. P., Fong, D. S., Fang, E. N., Mesirov, C. A. & Patel, V. Characterization of glaucoma medication adherence in kaiser per-
manente Southern California. J. Glaucoma 25, 22–26. https:// doi. org/ 10. 1097/ ijg. 00000 00000 000205 (2016).

 48. Gatwood, J. D., Johnson, J. & Jerkins, B. Comparisons of self-reported glaucoma medication adherence with a new wireless device: 
A pilot study. J. Glaucoma 26, 1056–1061. https:// doi. org/ 10. 1097/ ijg. 00000 00000 000777 (2017).

Author contributions
R.Y.A. and L.O. have made substantial contributions to the conception and design of the work. R.Y.A., S.L.M., 
J.M.P.S., L.B.S., S.F.MA. and L.O. have made substantial contributions to the acquisition, analysis, and interpreta-
tion of data. R.Y.A., S.L.M., J.M.P.S., L.B.S., S.F.M.A. and L.O. have drafted the work or substantively revised it.

https://doi.org/10.1016/j.joco.2017.09.002
https://doi.org/10.5301/ejo.2010.6112
https://doi.org/10.1016/j.ophtha.2019.10.022
https://doi.org/10.1167/iovs.15-18940
https://doi.org/10.1016/j.ophtha.2020.10.022
https://doi.org/10.1016/j.ophtha.2020.10.022
https://doi.org/10.1038/eye.2016.225
https://doi.org/10.1167/tvst.4.2.1
https://doi.org/10.4103/0301-4738.151458
https://doi.org/10.4103/0301-4738.151458
https://doi.org/10.1016/j.ajo.2015.12.009
https://doi.org/10.1093/fampra/cmu031
https://download.inep.gov.br/publicacoes/institucionais/estatisticas_e_indicadores/resumo_tecnico_censo_da_educacao_superior_2019.pdf
https://download.inep.gov.br/publicacoes/institucionais/estatisticas_e_indicadores/resumo_tecnico_censo_da_educacao_superior_2019.pdf
https://doi.org/10.1517/14656561003601994
https://doi.org/10.1038/eye.2011.269
https://doi.org/10.1016/j.ophtha.2009.01.021
https://doi.org/10.1097/ijg.0000000000001616
https://doi.org/10.1097/IJG.0000000000000876
https://doi.org/10.2174/1874364101509010068
https://doi.org/10.1097/ijg.0000000000001843
https://doi.org/10.1136/bjo.2009.158097
https://doi.org/10.2174/1874364101509010078
https://doi.org/10.1136/bjophthalmol-2016-309103
https://doi.org/10.1016/j.xops.2021.100059
https://doi.org/10.1016/j.xops.2021.100059
https://doi.org/10.1016/j.ajo.2015.03.006
https://doi.org/10.1001/archopht.123.6.815
https://doi.org/10.1016/j.ophtha.2008.09.004
https://doi.org/10.1001/jamaophthalmol.2014.857
https://doi.org/10.1001/jamaophthalmol.2014.856
https://doi.org/10.1097/ijg.0000000000000205
https://doi.org/10.1097/ijg.0000000000000777


10

Vol:.(1234567890)

Scientific Reports |         (2024) 14:2195  | https://doi.org/10.1038/s41598-024-52800-2

www.nature.com/scientificreports/

Funding
Allergan/Abbvie—The sponsor or funding organization had no role in the design or conduct of this research.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 024- 52800-2.

Correspondence and requests for materials should be addressed to R.Y.A.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2024

https://doi.org/10.1038/s41598-024-52800-2
https://doi.org/10.1038/s41598-024-52800-2
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	The association between glaucoma treatment adherence with disease progression and loss to follow-up
	Results
	Discussion
	Materials and methods
	Patients’ recruitment
	Glaucoma treatment compliance assessment tool (GTCAT)
	Socio-demographic form
	Medication event monitoring system (MEMS)
	Statistical analysis

	References


