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Purpose: To investigate clinical management of primary open-angle glaucoma (POAG) in the United States using real-world 
evidence and to examine healthcare resource utilization (HCRU), medication adherence/persistence, and procedure use.
Design: A cross-sectional, retrospective analysis of Optum’s de-identified Market Clarity Dataset (July 1, 2013–December 31, 2019).
Patients and Methods: Patients ≥18 years with POAG diagnosis and continuous enrollment for 1-year pre- and post-index were 
eligible and categorized into four mutually exclusive cohorts: CH1, treated with antiglaucoma medication(s) only; CH2, underwent 
glaucoma procedure(s) only; CH3, treated with antiglaucoma medication(s) and underwent procedure(s); and CH4, received no 
treatment for POAG. Adherence and persistence with antiglaucoma medications, and disease-specific HCRU were analyzed. Pairwise 
two-sample comparisons and multivariate regressions were conducted.
Results: Examined 232,572 eligible patients (CH1=60,895; CH2=4330; CH3=6027; CH4=161,320). Prostaglandin analogs were most 
prescribed antiglaucoma medications (CH1: 69.7%; CH3: 62.7%), of which latanoprost was most common (CH1: 51.3%; CH3: 
46.1%). Disease-specific office visits occurred in 26.3%, 78.2%, 75.0%, 23.8%, and surgical services visits occurred in 3.8%, 36.3%, 
42.5%, 3.3%, in CH1-CH4, respectively. Adherence was higher (medication possession ratio: 47.1% vs 39.4%; P<0.0001), and more 
patients remained persistent across 1-year post-index period in CH1 vs CH3 (25.4% vs 16.1%; P<0.0001). Positive predictors of 
medication persistence included being female, ≥55 years, and history of dyslipidemia or thyroid disease (all P≤0.0003).
Conclusion: Overall, 70% POAG patients might not have received antiglaucoma treatment. Since POAG is a slowly progressive 
blinding disease, the lack of antiglaucoma treatment and suboptimal adherence/persistence with medications are of major concerns. 
Targeted screening and educational approaches are needed to improve POAG management.
Keywords: adherence, antiglaucoma, health care resource utilization, persistence, real-world evidence

Plain Language Summary
Primary open-angle glaucoma (POAG) remains asymptomatic until late stage. Progression of POAG is slowed by lowering intraocular 
pressure. This study examines the clinical practice management of POAG in 232,572 subjects from the US. Seven of 10 patients might 
not have received POAG treatment. Less than 25% persisted with antiglaucoma medication. Thus, lack of patient treatment and 
medication compliance for POAG is of major concern.

Introduction
Primary open-angle glaucoma (POAG) is the most common form of glaucoma,1,2 and glaucoma is the second most common 
cause of irreversible blindness worldwide.3 Unlike cataracts that are surgically treatable with >90% success,4 blindness 
relating to POAG or other forms of glaucoma cannot be rectified.5 Glaucoma affects more than 70 million people worldwide,1 

and furthermore, the worldwide prevalence is predicted to increase to 111.8 million in 2040, disproportionally affecting people 
residing in Asia and Africa.1 In the United States (US) prevalence of POAG alone was predicted to reach at least 3.36 million 
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by 2020,6 and approximately 6.3 million by 2050.7 Common risk factors for POAG include elevated intraocular pressure 
(IOP), older age, African ethnic origin, family history of glaucoma, and myopia.8,9 Certain other comorbidities have been 
associated with a risk for developing glaucoma or POAG, including cardiovascular (CV) risk factors (dyslipidemia, 
hypertension, diabetes mellitus, and high body mass index [BMI]/obesity).10–13 However, progression of POAG and 
associated nerve damage can be halted by lowering IOP.14 This makes control of IOP paramount for preventing the major 
etiology of glaucoma and POAG blindness worldwide.3,15

Management of POAG is usually initiated with ocular hypotensive drops, but laser trabeculoplasty and/or surgery may also 
be used to slow disease progression.14,16,17 Although there are new surgical interventions, glaucoma remains a slowly progressive 
disease requiring long-term IOP lowering and frequently relies on the ongoing use of pharmacologic eye drops. Five main classes 
of topical drops are available: prostaglandin derivatives, beta-blockers, carbonic anhydrase inhibitors, sympathomimetics, and 
miotics.18 The primary aim is to reduce IOP by at least 20–30%, followed by ongoing monitoring of IOP with adjustment as 
indicated by disease course and severity.9 Clinical data have demonstrated that lowering IOP not only reduces the risk of 
developing POAG but slows progression of disease and delays visual field loss.19–22 Even with a known relationship between 
IOP and POAG, there is significant interindividual variation in the susceptibility of the optic nerve to IOP-related damage,23–26 

and therefore ongoing monitoring is an important aspect of POAG management following diagnosis.
Despite availability of efficacious antiglaucoma medications with few side effects, as well as evidence for the 

importance of IOP reduction in POAG,19–22 many patients continue to go untreated or undertreated, leaving them at 
risk for future visual field loss.27,28 Indeed, as POAG is asymptomatic until late stage, a diagnosis is frequently delayed.29 

Even among patients with diagnosed POAG, many were historically reported not to receive treatment.27 With a need for 
attentive management of IOP, there is a need to examine real-world evidence (RWE) to determine how patients are being 
managed in a clinical practice setting, and moreover, whether patients are sufficiently adherent and persistent with their 
pharmacologic management. Using claims data and electronic health records (EHR), this study sought to investigate 
clinical practice in the management of patients with POAG in the US. Specifically, the study compared the adherence and 
persistence patterns and disease-specific healthcare resource utilization (HCRU) across treatment approaches (both 
pharmacologic and surgical), alongside an analysis of key comorbidities that may influence treatment persistence.

Methods
Study Database
This study uses Optum’s de-identified Market Clarity Data (2007–2020), which combines robust transactional pharmacy 
and medical claims data with best-of-breed EHR data.30 The data are a fully Health Insurance Portability and 
Accountability Act (HIPAA)31 compliant, statistician-certified, de-identified precision data set. The Market Clarity 
Dataset links EHR data with historical, linked administrative claim data, pharmacy claims, physician claims, facility 
claims (with clinical information) and is inclusive of medications prescribed and administered. Clinically rich and 
specific data elements sourced from the EHR include lab results, vital signs and measurements, diagnoses, procedures, 
and information derived from unstructured clinical notes using natural language processing.

Study Design
A cross-sectional, retrospective study of Optum’s de-identified Market Clarity Data during the study period July 1, 2013 to 
December 31, 2019. Overall, the database contained 37,762,270 unique patients during the study period. As only de-identified 
data were used, no informed consent process was needed, and no Institutional Review Board approval was sought.

Study Population
Eligible patients were aged ≥18 years, with an International Classification of Diseases, Clinical Modification (ICD-CM), in 
both ICD-9-CM and ICD-10-CM versions, diagnosis code for POAG, ocular hypertension, or risk for POAG, and at least 
24 months continuous enrollment in the database, to allow at least 1-year continuous assessment, pre- and post-index. 
Patient demographic and clinical characteristics were captured pre-index, including key comorbidities of interest, based on 
diagnosis codes. Disease-specific HCRUs, as well as antiglaucoma medication adherence and persistence, were captured in 
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the post-index period. Medications of interest were identified based on national drug codes for commercial or generic 
therapeutic agents and included all common classes of topical medications used for POAG. Procedures of interest were 
identified based on diagnosis codes for glaucoma, POAG, or ocular hypertension.

Study Cohorts
Eligible patients were categorized into one of four mutually exclusive cohorts, based on their index treatment approaches 
(Figure 1). The index treatment approaches were defined as the date of first recorded antiglaucoma prescription or 
surgical procedure related to POAG during the selection window (July 1, 2014 to December 31, 2018). Patients could 
have received ≥1 antiglaucoma medication or undergone ≥1 surgical procedure in any of cohorts 1–3, as defined below.

● Cohort #1 (CH1): Eligible patients treated with ≥1 topical antiglaucoma medication only.
● Cohort #2 (CH2): Eligible patients who underwent ≥1 glaucoma-related procedure only.
● Cohort #3 (CH3): Eligible patients who were treated with ≥1 antiglaucoma medication and underwent ≥1 

glaucoma-related procedure.
● Cohort #4 (CH4): Eligible patients who did not receive any antiglaucoma medications or undergo any glaucoma- 

related procedures.

Figure 1 Identification and allocation of study cohorts. 
Notes: CH1: patients treated with ≥1 topical antiglaucoma medication only; CH2: patients who underwent ≥1 glaucoma-related procedure only; CH3: patients treated with 
≥1 antiglaucoma medication and underwent ≥1 glaucoma-related procedure; CH4: patients who did not receive any antiglaucoma medications or undergo any glaucoma- 
related procedures. aCH1 or CH3 an antiglaucoma prescription; CH2 or CH3 for a glaucoma-related procedure; bFor CH4, exclude patients with ≥1 medical record for 
antiglaucoma prescription or a glaucoma-related procedure in the pre-index period, or ≥1 medical record for antiglaucoma prescription or glaucoma-related procedure in 
post-index period. cAlso removed patients with invalid year of birth, gender, region, or health plan enrollment dates. 
Abbreviation: CH, cohort.
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More specifically: (1) If the index event was an antiglaucoma prescription, but the patient had no other medical claim for 
a POAG-related procedure during the selection window, the patient was allocated to CH1. (2) If the index event was 
a POAG-related procedure and the patient had no other medical claim for an antiglaucoma prescription during the 
selection window, the patient was allocated to CH2. (3): If the index event was a POAG-related procedure and the patient 
had ≥1 medical record for a POAG-related prescription during the selection window, the patient was allocated to CH3. 
(4) Patients who did not undergo any surgical procedure or fill any prescription for an antiglaucoma medication during 
the selection window were allocated to CH4.

Adherence and Persistence
Patient adherence and persistence with antiglaucoma medications were analyzed over the 1-year post-index period in 
patients treated with antiglaucoma medications (CH1 and CH3).

Adherence was measured using the medication possession ratio (MPR), and calculated as

● MPR = [(days with drug on-hand without removing overlap days between prescription fills during 360-day period)/ 
360] × 100%.

MPR was summarized using point-estimates, along with 90% confidence intervals (CIs).
Persistence was measured by time to discontinuation and remaining persistent for the entire 1-year post-index period, 

according to

● Time to discontinuation = number of consecutive days from treatment initiation until discontinuation or end of the 
1-year post-index period, whichever occurred first.

● Discontinuation was defined as gap between prescription fills in index therapy of at least 1.5 × days of the index 
therapy supply of the prior fill (discontinuation date defined as last day of supply prior to gap).

A full year’s persistence was defined when index antiglaucoma treatment was continued throughout the entire 1-year 
post-index period without discontinuation in therapy.

Statistical Analysis
Descriptive statistics were calculated. For continuous variables, mean and standard deviation were computed. For 
categorical variables, counts and percentages were computed. Missing data were not imputed.

Three pairwise two-sample comparisons were conducted across study cohorts, CH1 to CH4. These were prespecified 
analyses by clinical and demographic characteristics and by disease-specific HCRU. Adherence and persistence with 
therapy were compared between CH1 versus CH3. A subgroup analysis was carried out to compare adherence or 
persistence by antiglaucoma medication type (CH1 vs CH3), including patients on multiple antiglaucoma medications. 
For continuous variables, the two-sample t-test and/or Wilcoxon’s rank-sum test were used. For categorical variables, the 
Chi-square test or Fisher’s exact test was used. To account for multiple comparisons, a Bonferroni correction was used.

A binary logistic regression analysis was conducted to predict the odds of full-year’s persistence with antiglaucoma 
medications during 1-year post-index period as an outcome variable. Predictors of persistence were examined for CH1 vs 
CH3 using a backward elimination process via stepwise logistic regression. Odds ratio (OR) and two-sided P-value were 
calculated, with 95% CIs. Binary logistic regression analysis was also conducted for occurrence of any disease-specific 
diagnostic procedures in the 1-year post-index period, to identify predictors of these diagnostic procedures in each cohort 
(CH2 or CH3). In both logistic regression analyses, diabetes was excluded as a predictor due to collinearity with 
Charlson Comorbidity Index (CCI) score category. Hypertension was also excluded due to collinearity with dyslipidemia. 
A Kaplan–Meier survival analysis was finally conducted on persistence with index antiglaucoma medication to determine 
the probability of remaining persistent for the entire 1-year post-index period for patients in CH1 versus CH3. Two-sided 
P-value <0.05 was considered statistically significant for all analyses.
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Results
Study Population
The database contained a total of 33,635,787 million patients during the selection window (July 1, 2014, to December 31, 
2018), of whom 232,572 met all inclusion criteria and formed the study population (Figure 1). Patients who did not 
receive any antiglaucoma medications or undergo any glaucoma-related procedures (CH4) during the selection window 
formed the largest cohort (n = 161,320 [69.4%]), followed by patients who received ≥1 antiglaucoma medication only 
(CH1; n = 60,895 [26.2%]) and patients received ≥1 antiglaucoma medication and underwent ≥1 glaucoma-related 
procedure during the selection window (CH3, n = 6027 [2.6%]). Patients who underwent ≥1 glaucoma-related procedure 
only during the selection window formed the smallest cohort (CH2; n = 4330 [1.9%]) (Figure 1). Most patients in each 
cohort were female and aged ≥55 years (Table 1). The mean (±standard deviation [SD]) age ranged from 62.9±13.2 years 
in CH2 to 68.6±12.5 years in CH1. Regardless of study cohort, most patients were insured through either a Commercial 
or Medicare Risk insurance (Table 1). The most common comorbidities across cohorts were related to the cardiovascular 
system, including hypertension (from 47.3% [CH2] to 68.3% [CH1] of patients) and dyslipidemia (from 47.1% [CH2] to 
61.2% [CH1] of patients) (Table 1).

Primary Open-Angle Glaucoma Management
In patients who received antiglaucoma medications during the selection window, the most common medication(s) 
prescribed were prostaglandins (CH1: 69.7% and CH3: 62.7%), with latanoprost the most commonly prescribed 
specific antiglaucoma medication (51.3% and 46.1%, respectively), and prescribed to a significantly larger 
proportion of patients in CH1 versus CH3 (P<0.0001) (Table 2). Conversely, a significantly larger proportion of 
patients in CH3 versus CH1 received other therapies, including beta-blockers, cholinergic mimetics, and alpha 
agonists (all P≤0.0395; Table 2). For patients who underwent prespecified procedure(s) of interest for POAG, the 
most common procedure was gonioscopy-assisted transluminal trabeculotomy (GATT) (CH2 and CH3) (81.1% 
and 65.4%, respectively), with trabeculotomy the only other procedure undergone by >5% of the patients (20.0% 
and 16.3%, respectively). Both procedures were used by significantly more patients in CH2 vs CH3 (P<0.0001) 
(Table 2).

Healthcare Resource Utilization in the Post-Index Period
At least three-quarters of patients in CH2 and CH3 had disease-specific office visits in the post-index period (78.2% and 
75.0%, respectively), both significantly higher than seen in CH1 and CH4 (26.3% and 23.8%, respectively; P<0.0002 for 
any comparison) (Table 3). Furthermore, 36.3% and 42.5% of patients in CH2 and CH3 reported disease-specific surgical 
services in the post-index period, significantly more than in CH1 and CH4 (3.8% and 3.3%, respectively; P<0.0001 for 
any comparison) (Table 3). Disease-specific hospitalizations were low in all cohorts (Table 3). Essential hypertension was 
a common cause of hospitalization alongside POAG.

Adherence and Persistence in the Post-Index Period
At least three-quarters of patients in either CH1 or CH3, discontinued therapy during the 1-year post-index period (74.6% 
vs 83.9%, respectively). Adherence was suboptimal in both CH1 and CH3 (MPR: 47.1% vs 39.4%, respectively), but 
significantly higher for patients in CH1 versus CH3 (P<0.0001) (Figure 2). When patients were stratified by medication 
class, patterns of adherence were similar to that seen overall, and generally higher in CH1 versus CH3 (Figure 2). Mean 
MPR was highest for prostaglandin medications, but still significantly higher for patients in CH1 vs CH3, respectively 
(48.5% vs 40.9%, respectively; P<0.0001).

A higher proportion of patients in CH1 achieved a full year’s persistence compared with CH3 (25.4% vs 16.1%, 
respectively; P<0.0001) (Figure 2). Mean number of continuous days on therapy before patients discontinued or reached 
end of the 1-year post-index period was approximately 37 days longer for patients in CH1 versus CH3 (148.9 days vs 
111.8 days, respectively; P<0.0001). When stratified by individual medication class, the highest proportion of patients 
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achieved a full year’s persistence with prostaglandin medications (Figure 2). However, patients in CH1 taking >1 type of 
medication had the longest number of continuous days on therapy before discontinuing (178.4 days, from the date of 
starting index prescription), and significantly longer than for patients in CH3 (132.9 days; P<0.0001).

Table 1 Demographic and Clinical Characteristics of Patients in the Four Study Cohortsa

Data are Mean ± SD or n (%) CH1 CH2 CH3 CH4
n = 60,895 n = 4330 n = 6027 n = 161,320

Female, n (%) 34,923 (57.3) 2648 (61.2) 3430 (56.9) 96,498 (59.8)

Age, mean ± SD, years 68.9 ± 12.5 62.9 ± 13.2 67.8 ± 12.2 65.4 ± 14.5

Age group, n (%), years
18–44 2270 (3.7) 368 (8.5) 244 (4.0) 13,570 (8.4)

45–54 5247 (8.6) 692 (16.0) 561 (9.3) 19,985 (12.4)

55–64 13,848 (22.7) 1311 (30.3) 1471 (24.4) 39,045 (24.2)
65–74 16,951 (27.8) 1072 (24.8) 1808 (30.0) 40,048 (24.8)

≥75 22,579 (37.1) 887 (20.5) 1943 (32.2) 48,672 (30.2)

US Region, n (%)
Midwest 26,245 (43.1) 1908 (44.1) 3060 (50.8) 64,797 (40.2)

Northeast 13,953 (22.9) 1609 (37.2) 1444 (24.0) 44,633 (27.7)

South 15,969 (26.2) 484 (11.2) 654 (10.9) 41,217 (25.5)
West 4728 (7.8) 329 (7.6) 869 (14.4) 10,673 (6.6)

Payer type, n (%)

Commercial 24,130 (39.6) 3151 (72.8) 3716 (61.7) 96,364 (59.7)
Medicaid 4946 (8.1) 144 (3.3) 198 (3.3) 11,306 (7.0)

Medicare Risk 30,286 (49.7) 848 (19.6) 1781 (29.6) 50,946 (31.6)

Uninsured (None) 782 (1.3) 16 (0.4) 29 (0.5) 1598 (1.0)
Other/Unknown 815 (1.3) 174 (4.0) 309 (5.1) 1253 (0.8)

Index year, n (%)

2014 7665 (12.6) 511 (11.8) 924 (15.3) 43,162 (26.8)
2015 16,781 (27.6) 1277 (29.5) 1968 (32.7) 43,150 (26.7)

2016 13,356 (21.9) 897 (20.5) 1346 (22.3) 28,295 (17.5)

2017 12,018 (19.7) 892 (20.6) 1090 (18.1) 24,479 (15.2)
2018 11,075 (18.2) 763 (17.6) 699 (11.6) 22,234 (13.8)

Comorbidities, n (%)b

Cardiac arrhythmia 14,633 (24.0) 729 (16.8) 1077 (17.9) 33,815 (21.0)

Cerebrovascular disease 8305 (13.6) 300 (6.9) 510 (8.5) 17,544 (10.9)

CKD 8927 (14.7) 315 (7.3) 739 (12.3) 16,513 (10.2)
Chronic pain/FM 7956 (13.1) 457 (10.6) 639 (10.6) 18,144 (11.2)

COPD 7582 (12.5) 286 (6.6) 566 (9.4) 16,087 (10.0)

Depression 9169 (15.1) 439 (10.1) 670 (11.1) 22,258 (13.8)
Diabetes mellitus 21,529 (35.4) 1015 (23.4) 1685 (28.0) 45,704 (28.3)

Dyslipidemia 37,272 (61.2) 2038 (7.1) 3089 (51.3) 86,642 (53.7)

Hypertension 41,569 (68.3) 2046 (47.3) 3381 (56.1) 92,315 (57.2)
MI/CAD 12,284 (20.2) 461 (10.6) 818 (13.6) 27,355 (17.0)

Osteoarthritis 19,849 (32.6) 968 (22.4) 1490 (24.7) 45,451 (28.2)

Peripheral vascular disease 6259 (10.3) 206 (4.8) 451 (7.5) 12,522 (7.8)
Sleep disorders 10,187 (16.7) 569 (13.1) 799 (13.3) 24,736 (15.3)

Smoking 9692 (15.9) 507 (11.7) 807 (13.4) 20,016 (12.4)

Thyroid disease 13,306 (21.9) 794 (18.3) 1046 (17.4) 34,050 (21.1)

Notes: aCH1: patients treated with ≥1 topical antiglaucoma medication only; CH2: patients who underwent ≥1 glaucoma-related 
procedure only; CH3: patients treated with ≥1 antiglaucoma medication and underwent ≥1 glaucoma-related procedure; CH4: patients 
who did not receive any antiglaucoma medications or undergo any glaucoma-related procedures. bRecorded in >10% of any population 
during a 6-month period pre-index. 
Abbreviations: CAD, coronary artery disease; CH, cohort; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary 
disease; FM, fibromyalgia; MI, myocardial infarction; SD, standard deviation.
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Predictors of Remaining Persistent with Index Antiglaucoma Medication in the 1-Year 
Post-Index Period (Full-Year Persistence)
Significant, positive predictors of a full year’s persistence included being female, older age (≥55 vs <55 years), living in 
the West (vs South) region of the US, and having a history of dyslipidemia or thyroid disease (vs no history of 
comorbidities) (all P≤0.0003; Table 4). Negative predictors of a full year’s persistence included patients who had 
undergone procedure(s) in addition to taking medication(s) (ie, CH3) versus patients on a medication-only regimen 
(ie, CH1), and those living in the Northeast (vs South) (P<0.0001 for each; Table 4). Compared with patients prescribed 

Table 2 Medication and Procedures of Interest by Study Cohorta

Data are n (%) CH1 CH2 CH3
n = 60,895 n = 4330 n = 6027

Medicationsb

Prostaglandins 42,467 (69.7) 27 (0.6) 3780 (62.7)

Latanoprost 31,239 (51.3) 20 (0.5) 2778 (46.1)
Bimatoprost 7361 (12.1) 1 (0.02) 689 (11.4)

Travoprost 6640 (10.9) 5 (0.1) 644 (10.7)

Beta-blockers 10,671 (17.5) 4 (0.1) 1120 (18.6)
Timolol 10,226 (16.8) 4 (0.1) 1081 (17.9)

Alpha-adrenergic agonists 8539 (14.0) 6 (0.1) 1047 (17.4)

Brimonidine 7784 (12.8) 6 (0.1) 1010 (16.8)
Cholinergics Parasympathomimetics 9744 (16.0) 18 (0.4) 1602 (26.6)

Pilocarpine 9737 (16.0) 18 (0.4) 1601 (26.6)

Combination therapy 11,048 (18.1) 10 (0.2) 1331 (22.1)
Dorzolamide/timolol 5976 (9.8) 4 (0.1) 824 (13.7)

Proceduresc

GATT 45 (0.1) 3511 (81.1) 3941 (65.4)
Trabeculotomy 17 (0.03) 865 (20.0) 983 (16.3)

Notes: aCH1: patients treated with ≥1 topical antiglaucoma medication only; CH2: patients who underwent ≥1 
glaucoma-related procedure only; CH3: patients treated with ≥1 antiglaucoma medication and underwent ≥1 
glaucoma-related procedure. Data from CH4 are not given as patients did not receive any antiglaucoma medications 
or undergo any procedures of interest. bTaken by >10% of any cohort and assessed on index date or in the 1-year 
post-index period. cUndergone by >5% of any population on the index date or in the 1-year post-index period. 
Abbreviations: CH, cohort; GATT, gonioscopy-assisted transluminal trabeculotomy.

Table 3 Disease-Specific Healthcare Resource Utilization in the 1-Year Post-Index Period by Study Cohorta

Data are Mean ± SD or n (%) CH1 CH2 CH3 CH4
n = 60,895 n = 4330 n = 6027 n = 161,320

Prescription fills/patient 5.58 ± 5.0 0.03 ± 0.3 5.03 ± 5.8 0
With ≥1 physician office visit 16,028 (26.3) 3384 (78.2) 4519 (75.0) 38,360 (23.8)

Number of office visits to physician/patient 0.7 ± 1.4 1.7 ± 1.9 2.7 ± 2.7 0.4 ± 1.0

With ≥1 ED visit 2636 (4.3) 57 (1.3) 242 (4.0) 8066 (5.0)
Number ED visits/patient 0.08 ± 0.4 0.02 ± 0.1 0.05 ± 0.3 0.07 ± 0.4

With ≥1 outpatient surgical visit 2323 (3.8) 1572 (36.3) 2559 (42.5) 5352 (3.3)

Number outpatient surgical visits/patient 0.07 ± 0.41 0.67 ± 1.10 0.85 ± 1.31 0.05 ± 0.36
With ≥1 hospitalization 1498 (2.5%) 49 (1.1%) 142 (2.4%) 5577 (3.5%)

Hospitalizations/patient 1.5 ± 1.0 1.2 ± 0.4 1.5 ± 0.9 1.3 ± 0.7

Days in hospital/patient 12.0 ± 16.7 9.1 ± 10.4 10.0 ± 14.0 9.5 ± 15.2

Notes: aCH1: patients treated with ≥1 topical antiglaucoma medication only; CH2: patients who underwent ≥1 glaucoma-related procedure 
only; CH3: patients treated with ≥1 antiglaucoma medication and underwent ≥1 glaucoma-related procedure; CH4: patients who did not receive 
any antiglaucoma medications or undergo any glaucoma-related procedures. 
Abbreviations: CH, cohort; ED, emergency department; SD, standard deviation.
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prostaglandins as their antiglaucoma medication, patients were generally less likely to remain persistent with any other 
therapy regimen, including beta-blockers or alpha-adrenergic agonists (P<0.0001 for each; Table 4).

Based on a survival analysis over the 1-year post-index period, patients in CH1 were significantly more likely to 
remain persistent with their medication regimen (vs CH3 P<0.0001).

Predictors of Undergoing a Surgical Procedure in the 1-Year Post-Index Period
Significant, positive predictors of patients undergoing a disease-specific diagnostic procedure in the post-index period 
included older age (≥55 vs <55 years) and patients who had already undergone a procedure (ie, patients in CH2 or CH3 
vs CH1) (all P<0.0001; Supplemental Table S1). Significant, negative predictors of a patient undergoing disease-specific 
procedure included being female, patients who were uninsured (vs insured), and patients with a history of certain 
comorbidities, including depression, dyslipidemia, history of myocardial infarction or carotid artery disease, smoking or 
thyroid disease (vs no history of comorbidities) (all P≤0.0368; Supplemental Table S1). Patients in CH4 were also less 

Figure 2 Patient (A) adherence, based on medication possession ratio (MPR) over the 1-year post-index period and (B) persistence, based on proportion of patients 
remaining persistent with therapy over the entire 1-year post-index period, by study cohort. 
Notes: CH1: patients treated with ≥1 topical antiglaucoma medication only; CH3: patients treated with ≥1 antiglaucoma medication and underwent ≥1 glaucoma-related 
procedure. aOverall adherence and persistence is based on index antiglaucoma therapy. †P≤0.0001; ‡P=0.0009; §P=0.0006. 
Abbreviations: CH, cohort; MPR, medication possession ratio.
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likely to have undergone a disease-specific diagnostic procedure in the post-index period compared with patients in CH1 
(P<0.0001).

Discussion
Glaucoma is a leading cause of blindness worldwide,3 and represents an enormous healthcare burden in both developed 
and developing countries.32,33

Primary open-angle glaucoma (POAG), accounting for more than 90% of US cases of glaucoma, is a chronic, 
progressive disease. Although this form of glaucoma is commonly associated with elevated intraocular pressure (IOP), 
more than two-thirds of patients with IOP exceeding 21 mm Hg do not have glaucoma. Since 15% of the patients with 
glaucoma have a normal IOP of 21 mm Hg or less on a consistent basis, there are factors other than IOP that likely 
contribute to disease development.34,35

The Cox model revealed a strong age effect, a significantly 19% higher incidence for women (P≤0.001), injuries of 
the eye and orbit (175%, P≤0.001), degeneration of iris and ciliary body (155%, P=0.022), myopia (155%, P≤0.001), 
retinal vascular occlusions (134%, P≤0.001), hypertension (13%, P≤0.001) and diabetes mellitus (23%, P≤0.001).35

Table 4 Logistic Regression Analysis for Odds Ratio of Persistence with Therapy for POAG During the 1-Year Post-Index Period

Variable Parameter 
Estimate

SE OR 95% CI Wald  
Chi-Square

P-value

Lower 
Limit

Upper 
Limit

CH3 (ref. CH1)a –0.536 0.032 0.585 0.550 0.623 279.322 <0.0001
Female (ref. male) 0.057 0.016 1.058 1.026 1.091 13.011 0.0003

Age ≥55 years (ref: <55 years) 0.367 0.028 1.443 1.367 1.523 176.349 <0.0001

Region (ref: South)
Midwest 0.030 0.019 1.030 0.993 1.069 2.52 0.1125

Northeast –0.088 0.022 0.915 0.876 0.956 15.61 0.0001

West 0.247 0.029 1.280 1.208 1.356 70.72 <0.0001
Uninsured (ref: other payer type) 0.092 0.069 1.097 0.958 1.256 1.777 0.1825

Index specialty (office visit) (ref: other)

Ophthalmologist/optometry 0.130 0.018 1.139 1.100 1.179 54.904 <0.0001
Primary care physicianb –0.556 0.039 0.573 0.531 0.619 205.518 <0.0001

CCI (ref: 0)c

1 0.010 0.024 1.010 0.964 1.058 0.171 0.6794
2+ 0.004 0.017 1.004 0.971 1.039 0.061 0.8056

Pre-index comorbidities (ref. none)d

Depression 0.049 0.035 1.050 0.980 1.126 1.909 0.1671
Dyslipidemia 0.156 0.028 1.168 1.106 1.234 30.970 <0.0001

CAD/MI 0.059 0.034 1.061 0.994 1.133 3.119 0.0774

Smoking 0.022 0.035 1.022 0.954 1.095 0.380 0.5375
Thyroid disease 0.179 0.032 1.196 1.122 1.274 30.707 <0.0001

Medication class (ref. prostaglandins)e

Alpha-adrenergic agonists –0.693 0.044 0.500 0.458 0.546 242.815 <0.0001
Beta-blockers –0.309 0.033 0.734 0.688 0.784 85.685 <0.0001

Carbonic anhydrase inhibitors –1.756 0.112 0.173 0.139 0.215 246.307 <0.0001
Cholinergics Parasympathomimetics –3.852 0.111 0.021 0.017 0.026 1208.418 <0.0001

Combination medications −0.523 0.042 0.593 0.547 0.643 157.952 <0.0001

Rho kinase inhibitors –10.689 40.771 0.000 - - 0.069 0.7932
Patients switching and taking >1 medication 0.156 0.017 1.169 1.132 1.208 87.398 <0.0001

Notes: aCH1: patients treated with ≥1 topical antiglaucoma medication only; CH3: patients treated with ≥1 antiglaucoma medication and underwent ≥1 glaucoma-related 
procedure. bIncludes general practitioner/family medicine/internal medicine, geriatrician; nurse practitioner/physician assistants. cExcluded diabetes due to collinearity with 
CCI score category; hypertension due to collinearity with dyslipidemia. dAssessed in 6-month pre-index period. eRecorded on index date or in the 1-year post-index period. 
Abbreviations: CAD, carotid artery disease; CCI, Charlson Comorbidity Index; CH, cohort; CH1, treated with antiglaucoma medication(s) only; CH3, patients with 
antiglaucoma prescription and glaucoma-related procedural claim; CI, confidence interval; MI, myocardial infarction; OR, odds ratio; Ref, referent; SE, standard error.
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However, this study of RWE from patients enrolled in US-managed care highlights that the majority of patients (70%) 
might not have received any kind of treatment for their POAG, despite having received a diagnosis. Furthermore, of 
patients who received antiglaucoma medication(s), adherence was suboptimal. Adherence was better among patients 
whose sole source of treatment was antiglaucoma medications compared with those who were on medications in addition 
to having undergone a procedure for POAG. Accordingly, persistence to antiglaucoma medications were less in patients 
who had undergone surgical procedures (ie, CH3) compared with patients on a medication-only regimen (ie, CH1), 
throughout the 1-year post-index period.

It would be possible that CH3 patients treated with antiglaucoma medication(s) and underwent procedure(s) might 
have several considerations. They might have stopped their medication(s) because they do not need the antiglaucoma 
medication(s) after their successful surgical procedure(s), or they might have stopped their medication(s) because of 
insufficient knowledge about the need to continue their medication(s) even after the surgical procedure(s). This suggests 
that it would be optimal if the information patients receive to be tailored to their needs to ensure that it is relevant.36

The exact reason for having cohort #4 (CH4) patients who did not receive any antiglaucoma medications or undergo 
any glaucoma-related procedures is unknown. Also, as treating ophthalmologists cannot base the decision to start 
treatment solely on IOP measurement as in (CH4), there might be good reasons for not treating those group as they 
might have a low risk of ever-developing visual impairment and with an acceptable IOP.37

In a prospective, cross-sectional survey, adults with glaucoma taking ≥1 glaucoma medication who received care in 
glaucoma clinics evaluated the frequency of 11 commonly cited barriers to optimal glaucoma medication adherence and 
identified barriers contributing to poor adherence.36

Majority of the subject population cited more than one barrier as important. The most prevalent barriers to adherence 
were forgetfulness, lack of self-efficacy, skepticism that glaucoma would lead to vision loss, skepticism that glaucoma 
medications would prevent vision loss and insufficient knowledge about glaucoma.36

The general lack of patient treatment and medication compliance for POAG is of major concern. As a result, every 
effort should be made to educate the POAG population of the importance of adhering and persisting with their therapy 
regimen, including after a surgical procedure.

This 6-year study of more than 200,000 eligible patients with POAG enabled an overview of glaucoma management 
in the US that included patients who had undergone common procedures to correct POAG and/or those who were 
prescribed commonly used antiglaucoma therapies. Of patients who underwent a surgical procedure, most underwent 
GATT rather than trabeculotomy. Surgery provides an alternative approach to antiglaucoma eye drops and may be 
a viable option to circumvent problems with medication adherence or incomplete response to topical therapy.9 However, 
more patients in our dataset were taking medication(s) in addition to having undergone surgical procedure(s) than those 
just having surgery alone. This is in line with observations by other researchers, which suggest the majority of patients 
still require treatment for IOP following a surgical procedure.38 As such, surgery may not be the answer to poor 
adherence with eye drops in this patient population.38

Despite availability of surgical and pharmacologic approaches to lower IOP, most patients with a diagnosis of POAG 
might not have received any therapy post-diagnosis (70%). Of those receiving some form of treatment, the largest proportion 
of patients were managed by medications alone. Clinical guidelines note that prostaglandin analogs are the most frequently 
prescribed first-line antiglaucoma eye drops for lowering IOP and are known to be safe and well-tolerated for once-daily 
application.9,22,39 The current study reflects these guidelines,9 with therapies, such as beta-blockers and alpha-adrenergic 
agonists, prescribed less often, and combination therapies prescribed to below 23% of the patients. If a single medication is 
effective for lowering IOP but the target pressure is not reached, combination therapy is recommended.9,40 The IOP can be 
lowered by medical treatment, laser therapy, or incisional surgery (either alone or in combination). Another study showed 
that patients who underwent trabeculectomy had a lower mean IOP on fewer medications.37

Using data from a nationally representative sample of Medicare beneficiaries, authors characterized longitudinal 
trends in laser and incisional glaucoma surgery utilization between 2008 and 2016. They learned that there continues to 
be a decline in trabeculectomy surgery coupled with a rise in GDI surgeries from 2008 to 2016.41

The total number of therapeutic glaucoma procedures performed overall increased 14.7% from 294,990 in 2008 to 
338,230 in 2016. The total number of traditional incisional glaucoma surgeries decreased 11.7% from 37,225 in 2008 to 
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32,885 in 2016 (P=0.02). By contrast, the total number of MIGS procedures increased 426% from 13,705 in 2012 (the 
first year these procedures were captured in our dataset) to 58,345 in 2016 (P=0.001).41

The overall number of trabeculectomies performed on fee-for-service Medicare enrollees decreased from 25,610 in 
2008 to 18,925 in 2016 (P=0.0001).41

The overall number of goniotomies performed increased 1911% from only 135 in 2008 to 2715 in 2016 (P=0.13). 
Most of this increase occurred from 2015 to 2016. Canaloplasty volume increased 797% from 180 in 2008 to 1615 in 
2016 (P=0.13). The number of iStent trabecular micro-bypass (0191T, 0376T) procedures performed increased substan-
tially from 350 in 2012 to 42,635 in 2016 (P=0.0003).41–43

The number of laser trabeculoplasties performed on Medicare enrollees remained stable from 156,185 in 2008 to 
153,865 in 2016 (P=0.62). The number of iridotomies performed decreased slightly from 84,850 in 2008 to 80,720 in 
2016 (P=0.09).41–43

Furthermore, with various IOP-lowering medications, lasers, and now MIGS as options, traditional incisional 
glaucoma surgeries are often performed on patients with more advanced disease, many of whom are under the care of 
a glaucoma subspecialist.41–43

Of the 71,252 patients who received treatment, 94% received medication(s), either alone or in addition to a surgical 
procedure.9 In the present study, adherence was poor (37–49%) and significantly below the 80% (ie, MPR >0.8) often 
used to signify acceptable adherence.44–46 However, the observed adherence levels are consistent with other studies of 
antiglaucoma medications,47–49 and highlight a complacency in adhering to eye drops. We did note that patients were less 
likely to remain persistent with antiglaucoma medications that were not prostaglandin analogs, despite all being topically 
applied, suggesting barriers to adherence are not solely due to the nature of eye drops.

A number of factors are known to influence adherence and persistence specifically with eye drops, such as 
complicated medication schedules (eg, once- vs twice- or more daily drops), side effects, and perceived benefit of 
treatment, alongside forgetfulness and difficulty with administration, all of which have been associated with poor 
adherence.50,51 Psychological variables have also been related to adherence, such as self-efficacy and overall motivation 
to improve the condition, intention or commitment to take the medication, and having the drops at hand when needed.52 

Although we did not study specific reasons for nonadherence, patients who had undergone a procedure may feel the 
surgical procedure “solved” their POAG, and therefore do not feel the need to remain adherent with the postsurgical 
medication regimen. An association between medication nonadherence and glaucomatous vision loss has been confirmed 
elsewhere,53 highlighting the real-life consequences of nonadherence.

Available evidence suggests that a patient-centric approach to improve adherence is critically important to ensure 
patients are both motivated and empowered. Novel technology-based methods (eg, eHealth and mHealth) to promote and 
measure adherence and persistence are now available.54

Unmet Clinical Needs: How Can Management of POAG Be Improved?
This study highlights clear unmet clinical needs to improve glaucoma management, in order to lower risk of blindness14 

and, associated healthcare costs and burden.55 We highlight that 70% of the patients might not have received treatment 
for their POAG, and furthermore, over half of all patients were nonadherent with their medications throughout the 1-year 
post-index period. At each examination, medication dosage and frequency of use should be recorded by the physician and 
behaviors regarding medication-taking be monitored and scheduling improved, when required. For example, adminis-
tration of eye drops could be linked to a daily task to improve patient’s forgetfulness.9 Interventions that include a team- 
based approach to help co-ordinate care are often most successful.54

Comorbidities identified in this POAG patient population are in line with those reported elsewhere,10–13 and highlight 
the potential for targeted screening for glaucoma when patients are managed for common comorbidities such as 
hypertension or dyslipidemia, or with other common risk factors, such as thyroid disease. About 15% of the comorbid-
ities included sleep disorders, which was 16.7% and 15.3% in CH1 and CH4 groups compared 13.0% in CH2 and CH3 
groups (Supplementary Table S1). Indeed, POAG is an ideal disease that can be detected by targeted screening at 
outpatient appointments, given it is often asymptomatic until late stage,56 and early interventions can slow progression of 
visual field loss and prevent blindness.9
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IOP was poorly represented in this database, and the natural language processing used to capture this information may 
become more refined. For example, we were not able to identify patterns in IOP and medication-taking behavior, and 
information on visual field loss was not available. Simple approaches, such as using standardized terms in EHR-keeping 
may improve capturing of IOP data using a more consistent methodology. There are many factors that influence 
adherence with a therapeutic regimen, including patient-related, physician-related, and socioeconomic-related factors,57 

and an integrated program of measures will most likely be needed to address the problems highlighted.
Our study should be evaluated considering certain limitations. Our observations are naturally restricted by the 

population under study and known limitations around conducting analyses within managed care data.58 We did not 
include sleep apnea during a priori study designing, which could be a limitation. The 2022 ICD-10-CM diagnosis code 
for unspecified sleep apnea is G47.30, which is a billable/specific ICD-10-CM code that can be used to indicate diagnosis 
for reimbursement purposes.59

We are dependent on the accuracy of diagnostic codes to define our study sample and need to consider that diagnostic 
codes are collected for billing purposes. Also, patients may not have filled the prescriptions or taken the medications 
prescribed. Limited IOP data were available, and we were not able to draw any conclusions around the effectiveness of 
index therapy on IOP. Improving the documenting and reporting of IOP is a critical aspect for all physicians filling in 
EHRs, to allow conclusions to be drawn between medication effectiveness, adherence, and disease-specific HCRU.

The ICD-9/ICD-10 codes reflecting disease severity will allow for stratification of a patient population in a practice. 
For the unspecified open-angle glaucoma and primary open-angle glaucoma, the ICD-9 code by type of glaucoma shows 
that the staging codes for billing purpose are 365.10 and 365.11 respectively60 and the ICD-10 codes are H40.10 and 
H40.11, respectively.61 The ICD-9 staging definitions to determine the severity of the glaucoma show that the ICD-9 
codes for mild, moderate and severe forms of glaucoma are 365.71, 365.72 and 365.73, respectively.60

A potentially modifiable risk factor, OSA, has been increasingly associated with glaucoma independent of intraocular 
pressure. OSA may alter blood flow to the optic nerve head and, in combination with other predisposing factors, lead to 
decreased ocular perfusion pressure.62

From prior studies, it is known that African Americans are predisposed to POAG,2,6,8,9 and there may be subgroups of 
African Americans who are more predisposed to disease progression than other subgroups.63 Although ethnicity data 
were available within the Market Clarity data, these were not captured in the present analysis and therefore we were not 
able to assess how ethnic origin may have impacted prevalence or outcomes assessed (adherence/persistence, HCRU) in 
the present study. Although this study only includes patients within Optum’s Market Clarity data, POAG and ocular 
hypertension are widespread problems, both within the US and worldwide, with elevated IOP as the basic etiology.1,2,6 

Therefore, the results of this study should have implications for the treatment of POAG in other regions or healthcare 
settings with access to medical care.

Conclusions
Despite glaucoma being the second most common cause of blindness worldwide, this RWE study of US claims data 
highlights that 70% of the patients diagnosed with POAG might not have received antiglaucoma treatment. Pharmacologic 
management appears to be the major approach to POAG management, with prostaglandins used by more than half of all 
patients who received antiglaucoma medications. Adherence and persistence with antiglaucoma medication were, however, 
suboptimal especially in patients who had previously undergone a procedure for POAG or ocular hypertension. Targeted 
screening and educational approaches are thus needed to improve POAG management in the US.

Institutional Review Board (IRB)/Independent Ethics Committee (IEC)
The data used for this study did not involve the interaction or interview with any subjects and the data do not include any 
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obvious identifiers) and as such is not research involving human subject as defined at 45 CFR 46.102(f)(2). Furthermore, 
this study used existing fully de-identified data and the investigator(s) cannot be identified, directly or through identifiers 
linked to subjects and as such was exempt from 45 CFR 46.101(b)(4) from all 45 CFR part 46 requirements. 
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