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Association Between Alpha—Blockers for
Benign Prostatic Hyperplasia Angle—Closure

and Acute Glaucoma

SUNG UK BAEK*, SU HWAN KIM*, AHNUL HA, CHEN XI, AND YOUNG KOOK KIM

e OBJECTIVE: To investigate the association between alpha ( a)-blockers use
for benign prostatic hyperplasia (BPH) and the incidence of acute angle—closure
glaucoma (AACG) in a nationwide population—-based cohort.

e DESIGN: Retrospective clinical cohort study.

e PARTICIPANTS: This study analyzed data from the Korean National Health
Insurance Sharing Service, encompassing nationwide health records from 2002
t0 2022.

A 1:5 propensity score—matched cohort was created using baseline covariates,
ensuring balance between AACG cases and matched controls.

e METHODS: Alpha-blocker use for BPH was identified by the presence of
both a BPH diagnosis (KCD code N40) and a corresponding prescription prior to
diagnosis. Patients were categorized into three groups based on cumulative
medication duration: Category 1( £23 days), Category 2 (24-202 days), and
Category 3 ( 2203 days).

e MAIN OUTCOMES AND MEASURES: Incident AACG cases were identified

using diagnostic and procedure codes, and hazard ratios (HR) were estimated
using Cox proportional hazards models.

e RESULTS: The final cohort included 30 450 participants, comprising 5075
AACG cases and 25 375 matched controls. Alpha—blocker use was associated
with a significantly increased risk of AACG (adjusted HR, 1.52; 95% ClI, 1.40-
1.66; P ( .001) compared to nonuse. A dose-response relationship was
observed, with AACG incidence increasing from 0.15% among users with <23
days of exposure to 0.41% among those with >203 days.

o CONCLUSIONS: This study demonstrates a significant, duration—-dependent
association between a-blocker use for BPH and an increased risk of AACG.
These findings underscore the potential value of ophthalmologic evaluation
when prescribing a-blockers, particularly for patients who may be anatomically
predisposed to angleclosure events. (Am J Ophthalmol 2026;282: 197-205.
© 2025 Elsevier Inc. All rights are reserved, including those for text and data
mining, Al training, and similar technologies.)

Supplemental Material available at AJO.com. Accepted for publication November 9, 2025.

From the Department of Ophthalmology (S.U.B.), Hallym University Sacred Heart Hospital, Anyang, Korea; Department of Ophthalmology and Visual Sciences (S.U.B.), Dalhousie
University, Halifax, Nova

Scotia, Canada; Department of Information Statistics (H.K.), Gyeongsang National University, Jinju=si, Korea; Department of Ophthalmology (A.H.), Jeju National University
Hospital, Jeju-si, Korea; Department of Ophthalmology (A.H.), Jeju National University School of Medicine, Jeju-si, Korea; Department of Ophthalmology (C.X., Y.K.K.), Seoul
National University Hospital, Seoul, Korea; Department of Ophthalmology (Y.K.K.), Seoul National University College of Medicine, Seoul, Korea; Eyelight Data Science Laboratory

(Y.K.K.), Seoul, Korea Inquiries to Young Kook Kim, Department of Ophthalmology, Seoul National University College of Medicine, Seoul, Korea.; e-mail: eyedry@snu.ac.kr
# These two authors contributed equally to this study as first authors.
© 2025 E LSEVIER I NC. A LL RIGHTS ARE RESERVED, INCLUDING THOSE FOR TEXT AND DATA MINING, Al TRAINING, AND SIMILAR TECHNOLOGIES.

INTRODUCTION

Benign prostatic hyperplasia
(BPH), characterize d by prostate
gland enlargement, is a common
condition affecting older men. It
can cause bothersome urinary
symptoms, such as blocking the
flow of urine out of the bladder. '
BPH medications primarily work by
either relaxing the smooth muscle
in the prostate through alpha (a)
adrenergic blockers to improve
urine flow or by reducing prostate
size through hormonal modulation
via 5-a reductase inhibitors. >

Alpha—1 adrenergic receptors, while
primarily targeted for their role in
the urinary tract, are also present
in the iris dilator muscle, which
regulates pupil dilation. ® Alpha-

blocker medications antagonize

these receptors, leading to
relaxation of the iris dilator muscle
and a subsequent reduction in
pupil size. Prolonged use of these
medications is known to cause
intraoperative floppy iris syndrome
(IFIS), a condition characterized by
a flaccid, mobile iris and impaired
pupil dilation.*"°

Acute angle—closure glaucoma
(AACG) typically arises from a
pupillary block mechanism, in
which the flow of aqueous humor
from the posterior to the anterior
chamber is obstructed at the
iris—lens interface. ® As pressure
builds in the posterior chamber, it
pushes the peripheral iris forward,
causing it to bow and press
against the trabecular meshwork,
thereby blocking aqueous outflow

and rapidly increasing intraocular

pressure (I0OP).

By affecting iris tone and pupil
dynamics, a—blocker medications
for BPH could potentially alter the
normalical configuration of the
anterior segment. "+ In individuals
with predisposing features, such
as anatomically narrow angles, the
increased iris mobility and reduced
responsiveness can heighten the
risk of pupillary block and angle
closure. *

Thus, a-receptor inhibition by
BPH medications may contribute
to the development of AACG in
susceptible individuals by disrupting
the delicate balance of iris and pupil
physiology.

Both BPH and AACG become
more prevalent with age.®> '° As
BPH incidence rises, so does the

use of pharma-—cologic treatments,

particularly a—blockers, the widely
recommended first-line therapy.
""Given the shared age dis-
tribution, it is clinically important
to investigate whether a—blockers
may increase the risk of AACG.
Although this potential link is
biologically plausible, confirmatory
evidence remains limited. Since

randomized trials are ethically
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in the prostate through alpha (@)
adrenergic blockers to improve
urine flow or by reducing prostate
size through hormonal modulation
via 5-a reductase inhibitors. >
Alpha—1 adrenergic receptors, while
primarily targeted for their role in
the urinary tract, are also present
in the iris dilator muscle, which
regulates pupil dilation. * Alpha-
blocker medications antagonize
these receptors, leading to
relaxation of the iris dilator muscle
and a subsequent reduction in
pupil size. Prolonged use of these
medications is known to cause
intraoperative floppy iris syndrome
(IFIS), a condition characterized by
a flaccid, mobile iris and impaired
pupil dilation.*"°

Acute angle—closure glaucoma
(AACG) typically arises from a
pupillary block mechanism, in
which the flow of aqueous humor
from the posterior to the anterior
chamber is obstructed at the
iris—lens interface. ® As pressure
builds in the posterior chamber, it
pushes the peripheral iris forward,
causing it to bow and press
against the trabecular meshwork,
thereby blocking aqueous outflow
and rapidly increasing intraocular
pressure (I0P).

By affecting iris tone and pupil
dynamics, a—blocker medications
for BPH could potentially alter the
normalical configuration of the
anterior segment. "' In individuals
with predisposing features, such
as anatomically narrow angles, the
increased iris mobility and reduced
responsiveness can heighten the
risk of pupillary block and angle
closure.®

Thus, a-receptor inhibition by
BPH medications may contribute
to the development of AACG in
susceptible individuals by disrupting

the delicate balance of iris and pupil
physiology.

Both BPH and AACG become
more prevalent with age.®'* As
BPH incidence rises, so does the
use of pharma—cologic treatments,
particularly a—blockers, the widely
recommended first-line therapy.
""Given the shared age dis—
tribution, it is clinically important
to investigate whether a—blockers
may increase the risk of AACG.
Although this potential link is
biologically plausible, confirmatory
evidence remains limited. Since
randomized trials are ethically
challenging and long-term
exposure assessment is complex,
well-designed epidemiological
studies offer the most feasible
means of investigation.

This study aims to investigate
the association between BPH
medication use and the incidence
of AACG using a nationwide,
population—-based cohort.
By exploring this potential
relationship, we seek to deepen
the understanding of how BPH
medications may influence AACG
development and to assess the
broader implications of BPH

treatment on ocular health.

METHODS

e ETHICS: This study was
conducted in accordance with the
Declaration of Helsinki and adhered
to the Strengthening the Reporting
of Observational Studies in
Epidemiology (STROBE) guidelines.
Ethical approval was obtained from
the Institutional Review Board of
Seoul National University Hospital
(IRB No. E-2212-081-1385). The
study followed strict confidentiality
protocols in compliance with the

regulations of the Korean National

Health Insurance Sharing Service
(NHISS).

e DATA SOURCE AND STUDY
POPULATION: For this study, we
utilized claims data and health
screening records provided by the
NHISS, a nationwide database
established for research purposes.
As South Korea’s sole national
health insurer, the NHISS offers
compulsory coverage to nearly
the entire population, including
both employed and self-employed
individuals. As of 2019, it covered
97.2% of the population, with the
remaining 2.8% enrolled in the
Medical Aid Program, together
accounting for comprehensive
health records of approximately
50 million people.'” Through
mandatory health screenings
and automated claims reporting,
the NHISS enables reliable
identification of a wide range of
health outcomes.

The NHISS database comprises
three primary components: (1)
participant qualifications and
premium data, (2) diagnosis and
treatment records, and (3) health
screening results.

'® Diagnosis data include Korean
Standard Classification of Diseases,
7th Revision (KCD-7) codes,
aligned with the International
Classification of Diseases, 10th
Revision (ICD-10), as well as
records of prescribed medications,
procedures, and medical
examinations. Health screening
data include anthropometric
measurements (eg, height and
weight), laboratory test results,
and self-reported information
on medical history, family
history, smoking status, alcohol
consumption, physical activity, and
other lifestyle factors.

From the NHISS database, we

extracted a random sample of 3
000 000 individuals who underwent
at least one health screening
between January 2002 and
December 2022.

e IDENTIFICATION OF AACG
CASES: All patient diagnoses
were coded using the KCD. From
the NHISS sample database, we
identified cases diagnosed with
AACG using the KCD code H40.20,
covering the period from 2002 to
2022.

To ensure diagnostic specificity, we
excluded records in which H40.20
appeared alongside diagnostic
codes for open—angle or secondary
glaucoma. To capture only new
AACG cases, we applied a 2-year
washout period. Cases with an
initial claim for H40.20 in 2002 or
2003 were excluded, restricting
inclusion to first-time diagnoses
between 2004 and 2022.

Eligible cases were further
confirmed by the presence of
at least one relevant glaucoma-
related procedure code occurring
within a specific time window,
between 2 weeks before and 4
weeks after the first H40.20 claim.
The following procedure codes
were considered indicative of
AACG treatment: S5041 or S5044
(surgery for glaucoma [iridectomy]),
S5030 (laser iridectomy), S5110
(surgery for cataract or lens [pars
plana lensectomyl), S5111 (surgery
for cataract [lens extracapsular or
intracapsular extraction]), S5113 or
S5119 (surgery for cataract [lens
phacoemulsification]), and S5117
(intraocular lens implantation-
primary).

Only patients meeting both
diagnostic and procedural criteria
were included in the final cohort.

The earliest H40.20 claim meeting
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these criteria was defined as the
index date, representing AACG
onset, and the corresponding
year was used to classify incident
cases. BPH medication use prior to
AACG diagnosis was required, and
cases with diagnosis or procedural
codes outside this window were
excluded, making it unlikely that
patients with prior prophylactic
laser iridectomy were included.
To further reduce misclassification
from secondary drug-induced
AACG, patients who had taken
medications previously associated
with AACG for more than 1 month
prior to H40.20 registration were
also excluded (see Supplementary
Table 1).

¢ ASCERTAINMENT OF BPH
MEDICATION USE: BPH cases
were included only if both a
diagnosis code for BPH (KCD
code N40) and a corresponding
a-blocker prescription (see
Supplementary Table 2)
were recorded concurrently.
Furthermore, to ensure temporal
relevance, only cases in which both
the BPH diagnosis and medication
prescription occurred before the
registration of the AACG diagnosis

code were included in the analysis.

e PROPENSITY SCORE
MATCHING: To assess the effect of
BPH medication on the incidence
of AACG, propensity score
matching (PSM) was performed
using the “Matching” package in R.
Propensity scores were estimated
via logistic regression based on
baseline covariates. 15 The case
group was defined as participants
who developed AACG during the
period of BPH medication use,
while the control group included

individuals who did not experience

AACG during the study period.
Matching was conducted at a
1:5 ratio (case:control) without
replacement, using all baseline
covariates in the matching
algorithm. Covariate balance
between the two groups was
evaluated using standardized mean
differences (SMD), with an SMD of
less than 0.1 considered indicative

of acceptable balance.15

e SUBGROUP ANALYSIS AND
DOSE-RESPONSE ASSESS-
MENT: To strengthen the evaluation
of the association between «a
—blocker use for BPH and AACG
risk, subgroup analyses were
conducted based on medication
duration.

This analysis included patients with
complete and regularly recorded o
—-blocker prescriptions, ensuring
consistent medication exposure.
Participants were divided into three
categories according to the total
number of days BPH medications
were used during the study period:
Category 1 included individuals
who used BPH medication for
23 days or less, Category 2 for
24 to 202 days, and Category 3
for 203 days or more. Exposure
durations were categorized based
on the tertile distribution of total
medication days to ensure roughly
equal group sizes and clinical
interpretability. '® To compare AACG
incidence across these subgroups,
inverse probability of treatment
weighting (IPTW) was applied to

balance baseline covariates.

e COVARIATES: Baseline covariates
were adjusted using both PSM
and IPTW to reduce confounding.
These covariates included age, sex,
comorbidities, laboratory measures,

body mass index (BMI), smoking

status, alcohol consumption,
regular physical activity, residence,
and income level.

The comorbidities considered
were hypertension, diabetes
mellitus, dyslipidemia, chronic
kidney disease, chronic obstructive
pulmonary disease (COPD), heart
disease, stroke, and cancer. Health
behavior data, such as smoking
status, alcohol consumption,
and physical activity, were
obtained from the national health
examination questionnaire and
incorporated into the analysis.
Physical activity was defined as
moderate activity for more than
30 minutes or vigorous activity for
more than 20 minutes.
Residential area was classified
based on the address listed in the
first claims record. Areas were
grouped into urban or rural regions.
The Charlson Comorbidity Index
(CCI), which accounts for both the
number and severity of comor
bid conditions across 17 disease
categories, was calculated and
used as a continuous variable
(range: 0 [no comorbidities] to 29
[multiple severe comorbidities]). 18
Income level was determined by
NHISS annual insurance premiums
and categorized into 20 quantiles.
Beneficiaries of Medical Aid were

assigned to the lowest income

group.

o STATISTICAL ANALYSIS: Baseline
demographic characteristics
were summarized as counts
and percentages for categorical
variables and as means with
standard deviations (SD) for
continuous variables. PSM was
used to balance baseline covariates
between AACG cases and controls.
To assess a potential dose-

response relationship, subgroup

analyses based on medication
duration were conducted us ing
IPTW.

Cox proportional hazards models
were applied to estimate hazard
ratios (HRs) and 95% confidence
intervals (Cls) for incident AACG,
adjusting for baseline covariates.

P value of { .05 was considered
statistically significant.

All statistical analyses were
performed using SAS software,

version 9.4 (SAS Institute Inc.).

RESULTS

We obtained data from the NHISS
for 1.5 million BPH medication
users and 1.5 million nonusers
who underwent at least one health
screening between 2002 and 2022.
After excluding 91 individuals not
enrolled in health insurance, 1992
762 without health screening
records (required for laboratory
measures), and 29 243 with
missing data, we identified 5075
participants diagnosed with
AACG. Using 1:5 propensity score
matching (PSM), we constructed a
final cohort of 30 450 participants,
comprising 5075 cases and 25 375
matched controls. The participant
selection process is shown in
Figure 1.

Baseline characteristics before
and after PSM are presented in
Table 1. The mean age of the
case group was 56.3 years (SD
8.8), and most participants had
a normal to overweight BMI.
Alcohol consumption, physical
activity, and residential area
were variably distributed, with
the majority residing in urban
settings. Common comorbidities
included hypertension, diabetes,
dyslipidemia, COPD, and cancer.

Before matching, there were
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N= 3,000,000

NHISS health examination at least once between 2002 and 2022

who took medication for benign prostatic hyperplasia;

n=1,500,000
&

who didn’t take medication for benign prostatic hyperplasia;

n=1,500,000

~

.

(&

Y

xclusion:
1. who were not enrolled in health insurance ; N=91
2. who did not have health screening records between
2002 and 2003 ; N= 1,992,762
3. Women ; N= 264,953
4. Aged under 40 & BMI < 5 & BMI = 50 ; N= 205,466
\5. Missing data ; N = 29,243

Y

N= 517,477 participants

l

1

N= 5,075

participants with acute
angle-closure glaucoma

N= 512,402

participants without acute
angle-closure glaucoma

1:5 propensity score matching

(no replacement)

N= 5,075

participants with acute
angle-closure glaucoma

N= 25,375

participants without acute
angle-closure glaucoma

FIGURE 1. Flowchart of cohort selection.
From 3 million individuals in the NHISS database (2002-2022), exclusions were made for lack of insurance enrollment, missing
health screening records (2002-2003), and missing measurements. A total of 5075 participants with acute angle-closure glaucoma
(AACG) were identified and matched 1:5 by propensity score to 25 375 controls, yielding a final cohort of 30 450 participants.

NHISS; National Health Insurance Sharing Service.

notable differences between
cases and controls across several
variables. After PSM, all covariates
were well balanced, with SMDs (
0.1, indicating good comparability

between groups.

Adjusted HRs for incident
AACG were estimated using a
multivariable Cox proportional
hazards regression model,
controlling for all baseline covariates
( Table 2 ). The use of a-blocker

BPH medication was significantly
associated with an increased risk
of AACG compared to nonuse
(adjusted HR, 1.52; 95% ClI, 1.40-
1.66; P .001). As expected, other

balanced baseline variables were

not associated with AACG risk.

A total of 999 969 BPH patients
with consistent medication
exposure were categorized into
three groups based on the duration

of a-blocker use: Category 1 ( £23
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TABLE 1. Baseline Characteristics of Both Case Group (Developed AACG) and Control Group Before and After Propensity Score

Matching
Before PSM After PSM
Case Control Case Control SMD
Age, Mean (SD), years 56.33 (8.83) 53.19 (9.13) 56.33 (8.83) 56.04 (8.95) 0.012
Age category, No. (%) 0.012
40-49 1264 (24.91) 208 925 (40.77) 1264 (24.91) 6298 (24.82)
50-59 1834 (36.14) 165 265 (32.25) 1834 (36.14) 9156 (36.08)
60-69 1614 (31.80) 110 743 (21.61) 1614 (31.80) 8168 (32.19)
>70 363 (7.15) 27 469 (5.36) 363 (7.15) 1753 (6.91)
Body Mass Index, No. (%) 0.017
=18.5, kg/m? 111 (2.19) 10 522 (2.05) 111 (2.19) 503 (1.98)
18.5-24.9, kg/m? 3115 (61.38) 317 794 (62.02) 3115 (61.38) 15 671 (61.76)
24.9-29.9, kg/m? 1743 (34.34) 173 508 (33.86) 1743 (34.34) 8701 (34.29)
=30, kg/m? 106 (2.09) 10 578 (2.06) 106 (2.09) 500 (1.97)
Comorbidities, No. (%)
Hypertension 3811 (75.09) 377 893 (73.75) 3811 (75.09) 19 174 (75.56) 0.011
Diabetes mellitus 733 (14.44) 52 775 (10.30) 733 (14.44) 3594 (14.16) 0.008
Dyslipidemia 1312 (25.85) 111 524 (21.76) 1312 (25.85) 6574 (25.91) 0.001
COPD 552 (10.88) 46 047 (8.99) 552 (10.88) 2711 (10.68) 0.006
Cancer 101 (1.99) 8356 (1.63) 101 (1.99) 426 (1.68) 0.023
Smoking status, No. (%) 0.005
Nonsmoker 2473 (48.73) 217 916 (42.53) 2473 (48.73) 12 421 (48.95)
Ex-smoker 912 (17.97) 86 108 (16.80) 912 (17.97) 4521 (17.82)
Current smoker 1690 (33.30) 208 378 (40.67) 1690 (33.30) 8433 (33.23)
Alcohol consumption, No. (%) 0.011
No 1941 (38.25) 179 384 (35.01) 1941 (38.25) 9832 (38.75)
=10 g/d 1380 (27.19) 137 842 (26.90) 1380 (27.19) 6856 (27.02)
10-19.9 g/d 865 (17.04) 99 312 (19.38) 865 (17.04) 4275 (16.85)
20-39.9 g/d 584 (11.51) 62 312 (12.16) 584 (11.51) 2921 (11.51)
=40 g/d 305 (6.01) 33 552 (6.55) 305 (6.01) 1491 (5.88)
FPhysical activity, No. (%) 0.008
0 diwk 2452 (48.32) 252 281 (49.23) 2452 (48.32) 12 239 (48.23)
14 diwk 2058 (40.55) 208 150 (40.62) 2058 (40.55) 10 251 (40.40)
=5 diwk 565 (11.13) 51971 (10.14) 565 (11.13) 2885 (11.37)
Income level, No. (%) 0.003
0-10th percentile 1700 (33.50) 171 406 (33.45) 1700 (33.50) 8465 (33.36)
> 11th percentile 3375 (66.50) 340 996 (66.55) 3375 (66.50) 16 910 (66.64)
Residence (urban), No. (%) 3571 (70.36) 320 284 (62.51) 3571 (70.36) 17 945 (70.72) 0.008
Charlson comorbidity index, No. (%) 0.027

=4
=4

4748 (93.56)
327 (6.44)

492 190 (96.06)
20 212 (3.94)

4748 (93.56)
327 (6.44)

23 902 (94.20)
1473 (5.80)

Data are presented as mean + standard deviation (SD) or percentage as indicated.

AACG = acute angle-closure glaucoma; COPD = chronic obstructive pulmonary disease; PSM = propensity score matching; SMD = stan-

dardized mean difference.

days), Category 2 (24-202 days),
and Category 3 ( 2203 days).

Baseline demographic and clinical
characteristics, adjusted using
[PTW, are summarized in Table
3. Longer duration of a-blocker
use was associated with slightly

older age and a higher prevalence

of comorbidities. In contrast,
other covariates, including BMI,
laboratory parameters, income
level, and residential area, were
generally comparable across the
groups.

The incidence of AACG from 2004

to 2022 was assessed according

to the duration of a—blocker use
for BPH ( Table 4 ). In Category 1,
348 AACG cases were identified
(0.15%). In Category 2, 654
cases were observed (0.20%),
and in Category 3, 1822 cases
occurred (0.41%). A progressive

increase in AACG incidence was

observed with longer durations
of a—blocker use. The incidence
in Category 3 was nearly three
times higher than in Category 1,
indicating a potential duration—
dependent relationship between
BPH medication use and AACG

risk.
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TABLE 2. Adjusted Hazard Ratio for Incident AACG
According to Clinical Characteristics

Variable

Adjusted HR (95% CI)

Alpha-Blocker BPH medication
Age (years)
40-49
50-59
60-69
=70
Body Mass Index (kg/m?)
<18.5, kg/m?®
18.5-24.9, kg/m?
24.9-29.9, kg/m®
=30, kg/m?
Comorbidities
Hypertension
Diabetes mellitus
Dyslipidemia
COPD
Cancer
Smoking status
Nonsmoker
Ex-smoker
Current smoker
Alcohol consumption
Mo
=10 g/d
10-19.9 g/d
20-39.9 g/d
=40 g/d
Physical activity
0 diwk
1-4 dfwk
=5 dfwk
Income level
0-10th percentile
=11th percentile
Residence (urban)
Charlson Comorbidity Index
=4
=4

152 (140, 166)

1.00 (reference)
0.87 (0.90, 1.06)
0.95(0.87 1.03)
0.99 (0.86, 1.13)

1.00 (reference)
0.90 (0.73, 1.11)
0.91 (0.73, 1.12)
0.95 (0.71, 1.28)

0.97 (0.90, 1.04)
1.03 (0.94, 1.12)
0.98 (0.91, 1.05)
0.99 (0.90, 1.10)
1.18 (0.95, 1.48)

1.00 (reference)
1.01 (0.92, 1.10)
1.00 (0.93, 1.08)

1.00 (reference)
1.03 (0.95, 1.11)
1.04 (0.95, 1.14)
1.03 (0.93, 1.15)
1.06 (0.92, 1.21)

1.00 (reference)
1.00 (0.94, 1.07)
0.98 (0.88, 1.08)

1.00 (reference)
1.02 (0.96, 1.09)
0.98 (0.92, 1.05)

1.00 (reference)
1.10 (0.96, 1.25)

The numbers in bold and italics denote that the association
is statistically significant (P < .05).

AACG = acute angle-closure glaucoma; BFH = benign pro-
static hyperplasia; Cl = confidence interval; COPD = chronic

obstructive pulmonary disease; HR = hazard ratio.

DISCUSSION

This nationwide, population—
based cohort study demonstrates
that a—blocker use is significantly
associated with a 52% higher risk

of AACG compared to nonuse, after

adjusting for relevant covariates.
Moreover, prolonged use of a
—blockers was linked to an even
greater risk of developing AACG
following covariate balancing,
suggesting a potential dose-

response relationship.

TABLE 3. Clinical Characteristics by Duration of
Alpha-Blocker Use for BPH After IPTW

Category 1 Category 2 Category 3
(=23 d) (24-202d) (=203 d)

Subjects, (N) MN=234 N=322 N=443
198 342 429

Age, years 46.44 49,52 55.81

(13.99) (13.56) (11.73)

BMI (kg/m?) 23.92 2417 24.37

(9.05)  (11.81)  (9.14)
Comorbidities (%)

Diabetes mellitus 2.77% 3.76% 6.12%
Hypertension 6.68% 8.53% 13.55%
Heart disease 0.10% 1.38% 2.15%
Stroke 0.43% 0.61% 1.07%

Laboratory measures
Fasting blood sugar (mg/dL) 96.89 99.38 103.04
(28.73) (31.73) (34.86)

Systolic BP (mm Hg) 123.27 125.50 128.74
(16.41) (16.66) (1717)
Diastolic BP (mm Hg) 76.95 78.37 80.08
(10.83) (10.85) (11.11)
Total cholesterol (mg/dL) 195.45 196.92 19700

(44.56) (46.00) (4747)
Income level, %

0-4th percentile 2705% 24.05% 22.43%
5-8th percentile 28.85% 2B.11% 24.80%
9-12th percentile 20.08% 21.31% 21.29%
13-16th percentile 21.89% 24.44% 29.72%
17-20th percentile 2.14% 2.07% 1.76%
Residence, %
Rural 33.20% 33.85% 34.47%
Urban 66.80% 66.15% 65.53%

Category 1 includes individuals who used BPH medication
for 23 d or less; Category 2 for 24 to 202 d; and Category 3 for
203 d or more.

Data are presented as mean + standard deviation (SD) or
percentage as indicated.

BMI = body mass index; BP = blood pressure; BPH = be-
nign prostatic hyperplasia; IFTW = inverse probability of treat-
ment weighting.

TABLE 4. Incidence of AACG by Duration of
Alpha-Blocker Use for BPH (2004-2022)

Category (Duration of Use) Subjects Subjects AACG
Without AACG With AACG Incidence (%)

Category 1 (=23 d) 233 850 348 0.15%
Category 2 (24-202 d) 321 688 654 0.20%
Category 3 (=203 d) 441 607 1822 0.41%

AACG = acute angle-closure glaucoma; BFH = benign pro-
static hyperplasia.
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The design of this study offers
several methodological strengths.
First, to address limitations inherent
to health insurance data, such as
potential inaccuracies in diagnostic
coding, we identified cases of
AACG using both diagnostic and
therapeutic procedure codes.
Second, to minimize confounding,
individuals who used medications
previously reported to be
significantly associated with AACG
were excluded from the analysis.
Third, by leveraging a nationwide,
population—-based cohort, we
observed a significant, dose-
dependent association between
BPH medication use and the risk of
AACG. The use of real-world data
reflecting routine clinical practice
enhances the applicability of our
findings. Additionally, the large
sample size strengthens statistical
power and improves population
representativeness.

The observed association between
a-blocker use and increased
incidence of AACG may be
attributed to the pharmacodynamic
effects of these medications.
Alpha-blockers inhibit a-1
adrenergic receptors, which are
present not in the prostate but also
in the iris dilator muscle. 3 This
only inhibition can impair normal
pupil dilation and result in a cid,
mobile iris. 7 ? In individuals with
anatomically flacnarrow anterior
chamber angles, such alterations in
iris configuration and disruption of
normal iris physiology may increase
the risk of pupillary block, thereby
promoting the development of
AACG.

Our study demonstrated that the
risk of AACG increased with the
duration of BPH medication use.
Incidence rose from 0.15% in

individuals treated for 23 days or

less to 0.20% for 24 to 202 days,
and 0.41% for more than 203 days,
indicating a clear dose—response
relationship. Notably, those using
a-blockers for over 203 days had
nearly a threefold higher incidence
compared to shortterm users,
suggesting a potential cumulative
effect of prolonged exposure on
AACG development. In relation this
finding, Prata et al 7 reported that
longer durations to of a—blocker use
were significantly associated with
change of iris morphology. This
correlation between extended drug
exposure and structural changes in
the iris further reinforces the dose—
response relationship observed in
our study.

However, potential confounding
factors should be considered
when interpreting these findings.
Patients with longer BPH treatment
durations may be more proactive
about their health, more likely to
seek medical attention for AACG
symptoms, and more likely to
receive timely interventions such
as laser iridotomy. In contrast,
those with poor adherence may
delay care or tolerate symptoms,
and intermittent or subacute
AACG episodes may resolve
spontaneously without formal
treatment. This difference in
health-seeking behavior could
introduce selection bias,'® as
patients with longer treatment
durations are more likely to interact
with the healthcare system and,
consequently, more likely to receive
an AACG diagnosis. In addition
to pharmacologic effects, indirect
mechanisms may also contribute
to the observed association. Severe
BPH symptoms, such as straining
or urine retention, can trigger the
Valsalva maneuver, which increases

choroidal volume and narrows the

anterior chamber angle, potentially
precipitating angle closure. %%

It is also plausible that a—blocker
use does not directly increase the
risk of AACG but may indirectly do
so by reducing the likelihood of
cataract surgery, given concerns
about intraoperative floppy iris
syndrome. As a result, patients may
remain phakic for longer, thereby
maintaining a higher susceptibility
to pupillary block and AACG. In this
sense, a-blocker use could act
as a confounder by prolonging the
phakic state. Although stratification
by phakic versus pseudophakic
status would have been the most
rigorous way to address this issue,
such an analysis was not feasible
in our study because AACG cases
were defined only when both a
diagnostic code and a relevant
procedural code (laser iridotomy
or lens extraction) were recorded
within a narrow time window.
Future studies specifically designed
to examine the impact of a—blocker
use on cataract surgery timing
and subsequent AACG risk will be
necessary to confirm this potential
indirect mechanism.

In our study, the mean age of the
case group was 56.3 years, which
is younger than the typical 65
to 70 years reported in Western
populations. In contrast, Korean
epidemiologic data indicate that
BPH medications are prescribed not
only to men in their 60s but also to
a substantial proportion in their 50s.
23, 24 For example, 2004 to 2008
data indicated that 36% of male
BPH patients were in their 60s and
about 20% in their 50s, with similar
distributions observed between
2012 and 2016,

These prescribing patterns help
explain the relatively younger mean

age in our cohort.

Given the serious consequences
of AACG and the lack of definitive
preventive strategies, identifying
modifiable risk factors beyond
IOP is increasingly important,
particularly for individuals with
anatomical predispositions.
Previous pharmacoepidemiologic
studies have highlighted
the potential contribution of
medications. For example, Na
and Park " analyzed 949 drugs
prescribed to 13 531 patients
prior to AAC onset and identified
61 associated with increased
risk, most notably alprazolam,
sumatriptan, topiramate, and
duloxetine, with a median onset
of symptoms around 12 days
after prescription. Antihistamines
were also considered; however,
because they are often available
over the counter, their use may be
underestimated in health insurance
databases.

Building on this evidence, our
findings suggest that a—blocker
medications used for BPH
may represent an additional
pharmacologic risk factor for AACG.
Identifying such drug-related risks
can inform preventive strategies
and raise awareness among both
clinicians and patients.
Nevertheless, because a—blockers
are essential for managing urinary
symptoms, discontinuation may
not always be feasible.

For patients at high risk of AACG,
such as those with narrow anterior
chamber angles, prescribing a
—blockers should involve careful
counseling, individualized risk
assessment, and close monitoring.
In such cases, alternative therapies,
including 5— a reductase inhibitors
or phosphodiesterase—-5 inhibitors,
may be considered safer options.

Furthermore, for patients requiring
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long-term a-blocker therapy,
prophylactic laser iridotomy may be
considered an additional preventive
strategy to reduce the risk of AACG.
This study has several limitations.
First, AACG cases were identified
from health insurance claims, which
limited diagnostic verification and did
not provide individual ocular biometric
data. Although strict inclusion criteria
were applied, some misclassification
may have persisted. Moreover,
key anatomic risk factors such as
anterior chamber depth and axial
length could not be incorporated into
the propensity score matching due
to these data constraints. Second,
the older age typically associated
with BPH is often accompanied by
a higher burden of comorbidities,
which could independently increase
AACG risk.

Although IPTW was used to
balance baseline characteristics,
the longer—duration a—-blocker
group remained slightly older with
more comorbidities, potentially
contributing to residual differences
between groups. Third, although all
a-blockers can impair iris dilation
and precipitate IFIS, prior studies
have demonstrated a substantially
higher risk with tamsulosin
compared with nonselective
agents such as azosin, doxazosin,
and alfuzosin. *°** Because our
teranalysis did not distinguish
between specific a—-blocker
subtypes, this limitation should
be considered when interpreting
the results, and future studies
stratifying by drug type are
warranted.

In conclusion, in this nationwide
cohort study, a—blocker use for
BPH was associated with an
increased risk of incident AACG,
with evidence suggesting a dose—

response relationship.

While further research is needed
to elucidate the underlying
mechanisms and address potential
residual confounding, these
findings highlight the importance
of caution when prescribing o
-blockers, especially for patients
at higher risk of AACG. Clinicians
should remain vigilant, inform
long—term users of potential ocular
side effects, and consider regular
ophthalmologic evaluations as part

of comprehensive patient care.
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