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IMPORTANCE Calcium channel blocker (CCB) use has been associated with an increased risk
of glaucoma in exploratory studies.

OBJECTIVE To examine the association of systemic CCB use with glaucoma and related traits
among UK Biobank participants.

DESIGN, SETTING, AND PARTICIPANTS This population-based cross-sectional study included
UK Biobank participants with complete data (2006-2010) for analysis of glaucoma status,
intraocular pressure (IOP), and optical coherence tomography (OCT)–derived inner retinal
layer thicknesses. Data analysis was conducted in January 2023.

EXPOSURE Calcium channel blocker use was assessed in a baseline touchscreen questionnaire
and confirmed during an interview led by a trained nurse.

MAIN OUTCOMES AND MEASURES The primary outcome measures included glaucoma status,
corneal-compensated IOP, and 2 OCT-derived inner retinal thickness parameters (macular
retinal nerve fiber layer [mRNFL] and macular ganglion cell–inner plexiform layer [mGCIPL]
thicknesses). We performed logistic regression and linear regression analyses to test for
associations with glaucoma status and IOP and OCT-derived inner retinal thickness
parameters, respectively.

RESULTS This study included 427 480 adults. Their median age was 58 (IQR, 50-63) years,
and more than half (54.1%) were women. There were 33 175 CCB users (7.8%). Participants
who had complete data for glaucoma status (n = 427 480), IOP (n = 97 100), and
OCT-derived inner retinal layer thicknesses (n = 41 023) were eligible for respective analyses.
After adjustment for key sociodemographic, medical, anthropometric, and lifestyle factors,
use of CCBs (but not other antihypertensive agents) was associated with greater odds of
glaucoma (odds ratio [OR], 1.39 [95% CI, 1.14 to 1.69]; P = .001). Calcium channel blocker use
was also associated with thinner mGCIPL (−0.34 μm [95% CI, −0.54 to −0.15 μm]; P = .001)
and mRNFL (−0.16 μm [95% CI, −0.30 to −0.02 μm]; P = .03) thicknesses but not IOP (−0.01
mm Hg [95% CI, −0.09 to 0.07 mm Hg]; P = .84).

CONCLUSIONS AND RELEVANCE In this study, an adverse association between CCB use and
glaucoma was observed, with CCB users having, on average, 39% higher odds of glaucoma.
Calcium channel blocker use was also associated with thinner mGCIPL and mRNFL
thicknesses, providing a structural basis that supports the association with glaucoma. The
lack of association of CCB use with IOP suggests that an IOP-independent mechanism of
glaucomatous neurodegeneration may be involved. Although a causal relationship has not
been established, CCB replacement or withdrawal may be considered should glaucoma
progress despite optimal care.

JAMA Ophthalmol. doi:10.1001/jamaophthalmol.2023.3877
Published online September 7, 2023.

Invited Commentary

Supplemental content

Author Affiliations: Author
affiliations are listed at the end of this
article.

Group Information: A full list of
members of the UK Biobank Eye
and Vision Consortium appears
in Supplement 2.

Corresponding Author: Alan
Kastner, MD, MSc, Clínica
Oftalmológica Pasteur, Avenida Luis
Pasteur 5917, Vitacura, Santiago
7640671, Chile (alankastner@gmail.
com).

Research

JAMA Ophthalmology | Original Investigation

(Reprinted) E1

© 2023 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a University College London User  on 09/15/2023

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaophthalmol.2023.3877?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2023.3877
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaophthalmol.2023.4156?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2023.3877
https://jamanetwork.com/journals/oph/fullarticle/10.1001/jamaophthalmol.2023.3877?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2023.3877
mailto:alankastner@gmail.com
mailto:alankastner@gmail.com


C alcium channel blockers (CCBs) are a commonly used
class of medication that is frequently prescribed in
the management of various cardiovascular diseases,

particularly hypertension. Up to 40% of patients with hyper-
tension are prescribed a CCB; across all medication classes,
CCBs account for almost 4% of all primary care prescriptions
in the UK.1,2

In a large exploratory study of insurance claims data in the
US, CCB use was associated with incident glaucoma requiring
a procedural treatment.3 Although the study was limited by a
lack of detailed clinical findings and was not able to account
for potentially important confounding factors, including race
and ethnicity and comorbidities, this result is consistent with
several previous population-based studies that have demon-
strated similar associations.4-7

Given the global prevalence of both hypertension and
glaucoma8,9 and the fact that the 2 conditions frequently
coexist,4,10 this association may have important clinical im-
plications for millions of individuals worldwide and warrants
further investigation. This association may be particularly rel-
evant in aging and older populations, such as in the UK and
US, where multimorbidity is a common occurrence.11

Limited experimental data suggest that CCBs may have
acute ocular hypotensive activity, especially in individuals with
glaucoma.12,13 It would therefore also be important to assess
whether CCB use is associated with intraocular pressure (IOP)
on a population level, as this may offer insights into potential
underlying pathophysiologic mechanisms. Additionally, the
use of objective structural glaucoma-related biomarkers may
mitigate misclassification bias and help validate any ob-
served associations with glaucoma.

We aimed to examine the association of CCB use with glau-
coma in a large cohort using data from the UK Biobank. We fur-
ther explored associations of CCB use with IOP and 2 optical
coherence tomography (OCT)–derived inner retinal thick-
ness parameters.

Methods
This cross-sectional study used data from the UK Biobank. This
multisite prospective data resource includes more than half a
million participants aged 37 to 73 years at recruitment (2006-
2010), with extensive participant phenotyping and a wealth
of genetic, proteomic, and metabolomic data (eMethods in
Supplement 1).14-16 Multiple repeat and supplementary assess-
ments, including an eye and vision substudy (2009-2010), have
been conducted in participant subsets to augment the base-
line data.17 Additional outcomes are available through link-
age with nationwide health records and registries. Detailed de-
scriptions, including the study protocol and individual test
procedures, are available online.18 The UK Biobank was ap-
proved by the National Health Service North West Multicen-
tre Research Ethics Committee and the National Information
Governance Board for Health and Social Care. This research was
conducted under UK Biobank application number 36741 and
conformed to the tenets of the Declaration of Helsinki. Study
participants provided electronic informed consent and were

not compensated for their involvement. This study followed
the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) reporting guideline.

Assessment of CCB Use
Calcium channel blocker use was assessed in the baseline
UK Biobank questionnaire (2006-2010). All self-reported medi-
cations were recorded and subsequently confirmed by a trained
nurse in an interview conducted during the same visit. Medi-
cations were then matched to a comprehensive drug list ob-
tained from the British National Formulary (78th edition). An-
tihypertensive agents were grouped according to the following
classes: CCBs (dihydropyridine, phenylalkylamine, benzothi-
azepine, or other), diuretics (thiazide, loop, or potassium-
sparing), renin-angiotensin system (RAS) inhibitors (angio-
tensin-converting enzyme inhibitors or angiotensin receptor
blockers), and systemic β-blockers. The full code list compris-
ing the CCB medication class and its subtypes is provided in
eTable 1 in Supplement 1. No information was recorded re-
garding the dosage, frequency, or time each medication was
in use.

Glaucoma Case Ascertainment
Glaucoma status at the time of the baseline assessment was
based on International Classification of Diseases, Ninth Revi-
sion (ICD-9) or International Statistical Classification of Dis-
eases, Tenth Revision (ICD-10) codes for eye conditions in par-
ticipants’ linked hospital episode statistics records (eMethods
in Supplement 1). For the main analyses, we defined glau-
coma cases as participants with an ICD code for primary open-
angle glaucoma (POAG) or unspecified glaucoma before, or up
to 1 year after, the initial visit. During administration of the
baseline touchscreen questionnaire (2006-2010), a subset of
approximately 175 000 UK Biobank participants were also given
the opportunity to self-report a glaucoma diagnosis, a previ-
ous history of glaucoma surgery or laser therapy, or the use of
ocular hypotensive drops. We considered individuals with a
positive response to any of these questions as case partici-
pants in our sensitivity analyses.

Assessment of Glaucoma-Related Traits
Ophthalmic assessment (2009-2010) was introduced as an ad-
ditional enhancement to the initial baseline measures for a sub-

Key Points
Question To what extent are systemic calcium channel blockers,
a commonly prescribed medication class, associated with
glaucoma and clinically relevant related traits?

Findings In this cross-sectional study of 427 480 adult UK
Biobank participants, calcium channel blocker use was adversely
associated with glaucoma prevalence and optical coherence
tomography–derived inner retinal thicknesses but not intraocular
pressure.

Meaning These findings suggest that calcium channel blockers
may represent an important modifiable risk factor for glaucoma,
potentially through an intraocular pressure–independent
mechanism.
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set of participants from 6 assessment centers.17 This included
measurement of IOP in approximately 115 000 participants and
macular spectral domain OCT imaging of approximately 65 000
participants (eMethods in Supplement 1). For this analysis,
glaucoma-related outcomes included corneal-compensated
IOP and 2 inner retinal OCT parameters shown to be useful
glaucoma-related biomarkers: macular retinal nerve fiber
layer (mRNFL) and macular ganglion cell–inner plexiform
layer (mGCIPL) thicknesses.19,20

Assessment of Covariables
To account for potential confounding bias, we considered a
variety of demographic, lifestyle, and systemic health status
variables in our analyses (eMethods in Supplement 1). These
variables were selected a priori and included age, sex, self-
reported race and ethnicity (Asian, Black, White, multiple races
or ethnicities, or other race or ethnicity [specific data for
the category “other” were unavailable]), education level,
Townsend Deprivation Index, diabetes, body mass index, total
plasma cholesterol, smoking status, and alcohol consump-
tion frequency. Race and ethnicity data were included in the
analyses, given its known influence in the risk of glaucoma.

Statistical Analysis
Baseline participant characteristics, stratified by CCB use, were
described and compared using a 2-sample t test or test of pro-
portion where appropriate. We examined the association of
CCB use with glaucoma prevalence using multivariable logis-
tic regression, adjusted for all covariables described in the
previous section (maximally adjusted models). We then per-
formed similar analyses for any antihypertensive medication
use and for the other major antihypertensive medication classes
(diuretics, RAS inhibitors, and systemic β-blockers) to gauge
whether the observed CCB association was class specific or gen-
eral across all antihypertensive medications. To aid direct com-
parability of results, associations with IOP, mGCIPL, and
mRNFL were assessed using multivariable linear regression
models adjusted for the same covariables as used in the
glaucoma analysis. To address potential confounding by in-
dication, we further adjusted for mean systolic blood pres-
sure (SBP). Finally, we considered all associations according
to 3 CCB subtypes (dihydropyridines, phenylalkylamines,
and benzothiazepines).

We performed sensitivity analyses using alternative case
definitions (including any ICD-coded glaucoma, ICD-coded
POAG only, self-report and/or any ICD-coded glaucoma, self-
report and/or ICD-10–coded POAG or unspecified glaucoma,
and self-report and/or ICD-coded POAG). We additionally as-
sessed whether the main association with glaucoma was modi-
fied by hypertension, sex, or race and ethnicity by testing
the significance of a multiplicative interaction term added to
the final multivariable regression models. To address the pos-
sibility that ocular hypotensive medication may affect IOP, we
excluded all participants reporting topical glaucoma therapy
use. Finally, we repeated our primary analyses with further
adjustment for refractive error (mean spherical equivalent)
and a glaucoma polygenic risk score,21 as these are important
estimators of glaucoma status.

All statistical analyses were performed using Stata, ver-
sion 17.0 (StataCorp LLC). P values were 2 sided and were not
adjusted for multiple comparisons. Data analysis was con-
ducted in January 2023.

Results
Participant Characteristics
We selected a total of 427 480 participants for this study as
outlined in the Figure. Their median age was 58 (IQR, 50-63)
years; 54.1% were women and 45.9% were men. A total of
1.8% of participants self-identified as Asian, 1.6% as Black,
94.8% as White, and 1.8% as other or multiple races and eth-
nicities. Participants who had complete data for glaucoma
status (n = 427 480), IOP (n = 97 100), and OCT-derived inner
retinal layer thicknesses (n = 41 023 [40 486 and 40 583 for
mGCIPL and mRNFL thickness, respectively]) were eligible
for respective analyses. Of all included participants, 114 311
(26.7%) had a history of physician-diagnosed systemic
hypertension and 33 175 (7.8%) were CCB users (29 508 had hy-
pertension [89.0%] and 3667 did not [11.0%]).

Baseline participant characteristics, stratified by CCB
use, are presented in Table 1. We observed that CCB users
were more likely to be older, male, and Black and to have
lower education levels, higher Townsend Deprivation Index
values, hypertension, diabetes, higher SBP, higher body
mass index, and lower total cholesterol than nonusers.

Figure. Flowchart Outlining UK Biobank Participants Eligible for This Study

502 409 UK Biobank participants 
at baseline

109 557 With IOP data 502 409 With glaucoma data 46 411 With OCT data

12 457 Excluded for missing 
covariable data 

74 929 Excluded for missing 
covariable data

5388 Excluded for missing 
covariable data

97 100 Eligible for analysis of 
IOP status

427 480 Eligible for analysis of 
glaucoma status

41 023 Eligible for analysis of 
OCT status

Participants were excluded if they
were missing data on the following
covariables: age, sex, self-reported
race or ethnicity, education level,
Townsend Deprivation Index, systolic
blood pressure, diabetes, body mass
index, total cholesterol, smoking
status, and alcohol consumption
frequency. IOP indicates intraocular
pressure; OCT, optical coherence
tomography.
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Lower mean total cholesterol levels among CCB users may
be the result of a difference in their statin use compared with
nonusers (52.1% vs 14.5%; P < .001). Participants reporting
CCB use also had a higher prevalence of glaucoma, higher
mean IOP, and thinner mean mGCIPL and mRNFL thick-
nesses than nonusers.

Association of Antihypertensive Medication Use
With Glaucoma Status
In maximally adjusted regression models, antihypertensive
medication use was adversely associated with glaucoma (odds
ratio [OR], 1.29 [95% CI, 1.10 to 1.52]; P = .002). This associa-
tion appeared to be affected by CCB use (OR, 1.39 [95% CI, 1.14

Table 1. Characteristics of Eligible UK Biobank Participantsa

Characteristic

Participant group

Difference (95% CI) P value
CCB users
(n = 33 175)

CCB nonusers
(n = 394 305)

Age, y, mean (SD) 61.2 (6.2) 56.1 (8.1) 5.0 (4.9 to 5.1) <.001

Sex

Women 13 473 (40.6) 217 860 (55.3) −14.6 (−15.2 to −14.1) <.001

Men 19 702 (59.4) 176 445 (44.7) 14.6 (14.1 to 15.2) <.001

Race and ethnicity

Asian 814 (2.5) 7058 (1.8) 0.7 (0.5 to 0.8) <.001

Black 1211 (3.7) 5406 (1.4) 2.3 (2.1 to 2.5) <.001

White 30 548 (92.1) 374 853 (95.1) −3.0 (−3.3 to −2.7) <.001

Other or multiple races or ethnicitiesb 602 (1.8) 6988 (1.8) 0.0 (−0.1 to 0.2) .57

Education levelc

<O 14 975 (45.1) 131 830 (33.4) 11.7 (11.1 to 12.3) <.001

O 6792 (20.5) 85 765 (21.8) −1.3 (−1.7 to −0.8) <.001

A 3064 (9.2) 45 083 (11.4) −2.2 (−2.5 to −1.9) <.001

Undergraduate degree or higher 8344 (25.2) 131 627 (33.4) −8.2 (−8.7 to −7.7) <.001

Townsend Deprivation Index,
mean (SD)

−1.0 (3.2) −1.4 (3.0) 0.4 (0.4 to 0.4) <.001

Hypertension

No 3667 (11.1) 309 502 (78.5) −67.4 (−67.8 to −67.1) <.001

Yes 29 508 (88.9) 84 803 (21.5) 67.4 (67.1 to 67.8) <.001

Diabetes

No 27 635 (83.3) 377 109 (95.6) −12.3 (−12.7 to −11.9) <.001

Yes 5540 (16.7) 17 196 (4.4) 12.3 (11.9 to 12.7) <.001

Systolic blood pressure, mm Hg,
mean (SD)

145.8 (17.1) 137.1 (18.6) 8.7 (8.5 to 8.9) <.001

BMI, mean (SD) 29.4 (4.8) 27.2 (4.4) 2.2 (2.2 to 2.3) <.001

Total plasma cholesterol, mmol/L,
mean (SD)

5.2 (1.2) 5.7 (1.1) −0.6 (−0.6 to −0.5) <.001

Smoking status

Never 15 659 (47.2) 218 226 (55.3) −8.1 (−8.7 to −7.6) <.001

Former 14 321 (43.2) 135 058 (34.3) 8.9 (8.3 to 9.5) <.001

Current 3195 (9.6) 41 021 (10.4) −0.8 (−1.1 to −0.4) <.001

Alcohol consumption frequency

Never or special occasions only 7591 (22.9) 73 792 (18.7) 4.2 (3.7 to 4.6) <.001

1-3 Times/mo 3208 (9.7) 44 222 (11.2) −1.5 (−1.9 to −1.2) <.001

1-2 Times/wk 7730 (23.3) 102 561 (26.0) −2.7 (−3.2 to −2.2) <.001

3-4 Times/wk 7014 (21.1) 92 701 (23.5) −2.4 (−2.8 to −1.9) <.001

Daily or almost daily 7632 (23.0) 81 029 (20.6) 2.5 (2.0 to 2.9) <.001

Statin use 17 294 (52.1) 56 983 (14.5) 37.7 (37.1 to 38.2) <.001

Glaucoma prevalence 137 (0.4) 652 (0.2) 0.2 (0.2 to 0.3) <.001

IOP, mm Hg, mean (SD) (n = 97 100) 16.4 (3.7) 16.0 (3.4) 0.4 (0.3 to 0.5) <.001

mGCIPL thickness, μm, mean (SD)
(n = 40 486)

74.2 (5.3) 75.3 (5.2) −1.1 (−0.9 to 1.3) <.001

mRNFL thickness, μm, mean (SD)
(n = 40 583)

28.2 (3.8) 29.0 (3.8) −0.8 (−0.9 to −0.6) <.001

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared); CCB, calcium channel blocker; IOP, intraocular
pressure; mGCIPL, macular ganglion cell–inner plexiform layer; mRNFL, macular
retinal nerve fiber layer.
a Unless stated otherwise, values are presented as No. (%) of participants.

b Specific data for the category “other” were unavailable.
c Subject-based qualifications conferred in the UK as part of the General

Certificate of Education. <O indicates less than ordinary level; O, ordinary
level; and A, advanced level.
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to 1.69]; P = .001), with no association demonstrated for use
of diuretics (35 099 users; OR, 1.03 [95% CI, 0.84 to 1.28];
P = .75), RAS inhibitors (55 983 users; OR, 1.12 [95% CI, 0.93 to
1.34]; P = .24), or systemic β-blockers (29 818 users; OR, 0.93
[95% CI, 0.74 to 1.18]; P = .56) (Table 2). Associations were
materially unchanged when additionally adjusting for SBP
and concurrent use of more than 1 antihypertensive medica-
tion class.

Association of CCB Use With Glaucoma and Related Traits
Associations of CCB use with glaucoma and related traits are
presented in Table 3. The main association with glaucoma sta-
tus (OR, 1.39 [95% CI, 1.14 to 1.69]; P = .001) was unchanged
by the inclusion of SBP in the model. Calcium channel blocker
use was also associated with thinner OCT-derived inner reti-
nal parameters, with only slight attenuation of the associa-
tions after further adjustment for SBP. Those reporting CCB use
had thinner mGCIPL (−0.34 μm [95% CI, −0.54 to −0.15 μm];
P = .001) and mRNFL (−0.16 μm [95% CI, −0.30 to −0.02 μm];
P = .03) thicknesses than nonusers. In maximally adjusted re-
gression models, CCB use was not associated with IOP (−0.01
mm Hg [95% CI, −0.09 to 0.07 mm Hg]; P = .84). Further ad-
justment for SBP, however, resulted in an association with
lower IOP (−0.15 mm Hg [95% CI, −0.23 to −0.07 mm Hg];
P < .001). Complete results of the models for glaucoma sta-

tus, IOP, and OCT-derived inner retinal parameters are pre-
sented in eTables 2 and 3 in Supplement 1.

Association of CCB Subtypes With Glaucoma
and Related Traits
Dihydropyridines (eg, amlodipine) were the most commonly
used CCB subtype (29 314 [88.4%]), followed by benzothiaz-
epines (eg, diltiazem; 3022 [9.1%]) and phenylalkylamines
(eg, verapamil; 951 [2.9%]). There were no uses of other
CCBs. The associations for dihydropyridine users were con-
sistent with the results of the main analyses (Table 4). Benzo-
thiazepine users had higher odds of glaucoma (OR, 1.80
[95% CI, 1.14 to 2.86]; P = .01) and lower IOP (−0.51 mm Hg
[95% CI, −0.77 to −0.24]; P < .001) but no association with
mGCIPL or mRNFL thickness. No associations were observed
for phenylalkylamine users.

Sensitivity Analysis
Sensitivity analyses using alternative glaucoma case defini-
tions are presented in eTable 4 in Supplement 1. Overall, analy-
ses including self-report as a component of the case defini-
tion showed smaller associations than those based on ICD codes
alone. Of the various glaucoma definitions used, only the
narrowest ICD-coded definition of POAG (n = 476) did not
demonstrate an association with CCB use.

Table 2. Association of Antihypertensive Medication Use With Glaucoma Among UK Biobank Participants

Description
No. of
participants

Model Aa Model Bb

Odds ratio (95% CI) P value Odds ratio (95% CI) P value
Any antihypertensive medication 88 007 1.29 (1.10 to 1.52) .002 NA NA

Antihypertensive medication class

Calcium channel blocker 33 175 1.39 (1.14 to 1.69) .001 1.39 (1.13 to 1.70) .001

Diuretic 35 099 1.03 (0.84 to 1.28) .75 0.96 (0.77 to 1.20) .75

RAS inhibitor 55 983 1.12 (0.93 to 1.34) .24 1.07 (0.88 to 1.30) .47

Systemic β-blocker 29 818 0.93 (0.74 to 1.18) .56 0.90 (0.71 to 1.14) .39

Abbreviations: NA, not applicable; RAS, renin-angiotensin system.
a Model A was adjusted for age (in years), sex (female or male), self-reported

race and ethnicity (Asian, Black, White, multiple races or ethnicities, and other
race or ethnicity [specific data for the category “other” were unavailable]),
education level (<O [less than ordinary level], O [ordinary level], A [advanced
level], or undergraduate degree or higher), Townsend Deprivation Index
(in units), diabetes (no or yes), body mass index (calculated as weight in

kilograms divided by height in meters squared), total cholesterol (in millimoles
per liter), smoking status (never, former, or current), and alcohol consumption
frequency (never or special occasion only, 1-3 times/mo, 1-2 times/wk,
3-4 times/wk, or daily or almost daily).

b Model B was adjusted as for model A plus additional adjustment for systolic
blood pressure (in millimeters of mercury) and simultaneous use of other
antihypertensive medications.

Table 3. Association of Calcium Channel Blocker Use With Glaucoma and Related Traits Among UK Biobank Participants

Outcome
No. of
participants

Model Aa Model Bb

Effect estimate (95% CI) P value Effect estimate (95% CI) P value
Glaucoma, odds ratio 427 480 1.39 (1.14 to 1.69) .001 1.39 (1.14 to 1.69) .001

IOP, mm Hg 97 100 −0.01 (−0.09 to 0.07) .84 −0.15 (−0.23 to −0.07) <.001

mGCIPL thickness, μm 40 486 −0.34 (−0.54 to −0.15) .001 −0.31 (−0.50 to −0.11) .001

mRNFL thickness, μm 40 583 −0.16 (−0.30 to −0.02) .03 −0.14 (−0.29 to 0.00) .049

Abbreviations: IOP, intraocular pressure; mGCIPL, macular ganglion cell–inner
plexiform layer; mRNFL, macular retinal nerve fiber layer.
a Model A was adjusted for age (in years), sex (female or male), self-reported

race and ethnicity (Asian, Black, White, multiple races or ethnicities, and other
race or ethnicity [specific data for the category “other” were unavailable]),
education level (<O [less than ordinary level], O [ordinary level], A [advanced
level], or undergraduate degree or higher), Townsend Deprivation Index

(in units), diabetes (no or yes), body mass index (calculated as weight in
kilograms divided by height in meters squared), total cholesterol (in millimoles
per liter), smoking status (never, former, or current), and alcohol consumption
frequency (never or special occasion only, 1-3 times/mo, 1-2 times/wk,
3-4 times/wk, or daily or almost daily).

b Model B was adjusted as for model A plus additional adjustment for systolic
blood pressure (in millimeters of mercury).
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There was evidence that the association between CCB
use and glaucoma was modified by a history of physician-
diagnosed hypertension (eFigure in Supplement 1). In the maxi-
mally adjusted regression model, including adjustment for base-
line SBP, CCB use among those without hypertension (OR, 2.01
[95% CI, 1.26 to 3.21]; P = .003) was associated with higher odds
of glaucoma than CCB use among those with hypertension
(OR, 1.47 [95% CI, 1.18 to 1.84]; P = .001; OR for interaction, 0.59
[95% CI, 0.35 to 0.98]; P = .04). There was no evidence of a dif-
ferential effect of sex or race and ethnicity for the association
with glaucoma. Results for IOP were materially unchanged when
analyses were restricted to participants not using ocular hypo-
tensive agents (−0.06 mm Hg [95% CI, −0.13 to 0.01]; P = .15).
Further adjustment for the spherical equivalent and a glau-
coma polygenic risk score resulted in a substantial sample size
reduction (n = 84 924) but a similar adverse association with
glaucoma (OR, 1.59 [95% CI, 1.04 to 2.45]; P = .03).

Discussion
In this large population-based study, we observed that CCB
users had, on average, 39% higher odds of glaucoma than non-
users after controlling for multiple potential confounders. Con-
sistent with this finding, we also noted that mGCIPL and
mRNFL (both objective structural glaucoma-related param-
eters) were thinner in CCB users. Calcium channel blocker use
was not associated with IOP in this study.

An adverse association between CCB use and glaucoma has
previously been demonstrated in both cross-sectional and lon-
gitudinal studies.3-6 In a large US insurance claims study, CCBs
demonstrated the largest adverse statistical association with
glaucoma of 423 different medication classes.3 Similarly, am-
lodipine (a dihydropyridine CCB) had the largest statistical
association with glaucoma of all 1723 unique generic medica-

tions studied.3 However, that analysis was limited by a lack of
data on potential confounders, which may have resulted in
biased findings. For example, participant race and ethnicity
was not available and the observed association may have been
affected by a higher prevalence of CCB use among individu-
als of African ancestry (an important risk factor for glau-
coma), for whom CCBs are standard first-line therapy.22

Our analyses provide further large-scale evidence sup-
porting those previously reported associations and suggest
that the adverse association between CCB use and glaucoma
risk may act via IOP-independent mechanisms. Although our
primary analyses were based on a strict case definition that is
likely to underestimate true prevalence, sensitivity analyses
using less specific glaucoma definitions and conducted among
up to 7000 case patients (including >900 CCB users) demon-
strated similar associations.

To our knowledge, there has been no published report of
an adverse association between CCB use and glaucoma-
related inner retinal parameters. A previous study of antihy-
pertensive use in Southeast Asia found no association
between CCB use and mean mGCIPL or peripapillary retinal
nerve fiber layer thickness.23 Our reported effect estimates for
mGCIPL and mRNFL thicknesses may seem small; yet on a
population level, they are equivalent to the average differ-
ence seen between participants separated by 4 years in age.24

Limited experimental data suggest that systemic CCBs may
have acute ocular hypotensive activity, especially in individu-
als with glaucoma.12,13 However, this is not always a consistent
finding.25 We observed no difference in mean IOP between CCB
users and nonusers. However, this may be because the IOP as-
sessment was limited to a single measurement, and we cannot
fully exclude the possibility of a small association between CCB
use and IOP. This result is consistent with a recent large meta-
analysis of European population-based eye studies that also
found an adverse association between CCB use and glaucoma

Table 4. Association of CCB Subtypes With Glaucoma and Related Traits Among UK Biobank Participants

Outcome

CCB user subtype
Dihydropyridine
(n = 29 314)

Phenylalkylamine
(n = 951)

Benzothiazepine
(n = 3022)

Effect estimate (95% CI) P value Effect estimate (95% CI) P value Effect estimate (95% CI) P value
Model Aa

Glaucoma, odds ratio 1.33 (1.08 to 1.63) .007 0.99 (0.32 to 3.09) .99 1.80 (1.14 to 2.86) .01

IOP, mm Hg 0.03 (−0.05 to 0.11) .45 0.17 (−0.28 to 0.63) .46 −0.51 (−0.77 to −0.24) <.001

mGCIPL thickness, μm −0.36 (−0.57 to −0.16) <.001 −0.78 (−1.82 to 0.25) .14 0.13 (−0.52 to 0.77) .70

mRNFL thickness, μm −0.17 (−0.32 to −0.02) .02 0.01 (−0.75 to 0.77) .98 −0.10 (−0.57 to 0.37) .68

Model Bb

Glaucoma, odds ratio 1.33 (1.08 to 1.64) .006 0.99 (0.32 to 3.09) .99 1.80 (1.14 to 2.86) .01

IOP, mm Hg −0.12 (−0.20 to −0.04) .005 0.11 (−0.34 to 0.56) .62 −0.50 (−0.76 to −0.23) <.001

mGCIPL thickness, μm −0.32 (−0.53 to −0.12) .002 −0.76 (−1.80 to 0.27) .15 0.12 (−0.53 to 0.76) .73

mRNFL thickness, μm −0.16 (−0.30 to −0.01) .04 0.01 (−0.74 to 0.77) .97 −0.11 (−0.58 to 0.37) .66

Abbreviations: CCB, calcium channel blocker; IOP, intraocular pressure;
mGCIPL, macular ganglion cell–inner plexiform layer; mRNFL, macular retinal
nerve fiber layer.
a Model A was adjusted for age (in years), sex (female or male), self-reported

race and ethnicity (Asian, Black, White, multiple races or ethnicities, and other
race or ethnicity [specific data for the category “other” were unavailable]),
education level (<O [less than ordinary level], O [ordinary level], A [advanced
level], or undergraduate degree or higher), Townsend Deprivation Index

(in units), diabetes (no or yes), body mass index (calculated as weight in
kilograms divided by height in meters squared), total cholesterol (in millimoles
per liter), smoking status (never, former, or current), and alcohol consumption
frequency (never or special occasion only, 1-3 times/mo, 1-2 times/wk,
3-4 times/wk, or daily or almost daily).

b Model B was adjusted as for model A plus additional adjustment for systolic
blood pressure (in millimeters of mercury).
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status but none with IOP.7 It is also important to note that our
study lacked data on the length, frequency, or dosage of CCB
use and whether the medication was taken on the day of IOP
assessment; our findings may therefore not fully account for the
potential consequences of CCBs on IOP. Although an associa-
tion with lower IOP was observed after additional adjustment
for baseline SBP, this may be the result of collider bias.

The implication that CCBs are directly detrimental to reti-
nal tissue is contrary to the general view of these agents being
neuroprotective. In vitro studies have shown that CCBs exert
protection on neurons undergoing apoptosis and necrosis, which
has also been documented in retinal ganglion cells and photo-
receptors in experimental animal models.26 This is thought to
be related to the inhibition of calcium influx-mediated apop-
totic pathways. Additionally, several small interventional stud-
ies have demonstrated that CCBs increase retrobulbar and op-
tic nerve head blood flow, improve color contrast sensitivity, and
may stabilize visual field loss in individuals with normal-
tension glaucoma.27-30 Although the reasons for this apparent
discrepancy are unclear, a simple explanation has been pro-
posed: in vitro studies do not account for the blood pressure–
lowering ability of CCBs, and the CCBs investigated in the vi-
sual field studies did not appreciably affect blood pressure in
glaucoma cases. It may be that the detrimental consequences
of CCBs only manifest when coupled with the hypotensive
and/or vasodilatory properties of certain CCBs, such as
amlodipine.26 The results of our interaction sensitivity analy-
sis provide support for this hypothesis. We observed that CCB
use was associated with higher odds of glaucoma in individu-
als without hypertension compared with participants with hy-
pertension, suggesting that a history of higher blood pressure
may partially ameliorate the adverse association with glau-
coma. Although adverse associations with glaucoma were dem-
onstrated for both dihydropyridine and benzothiazepine us-
ers, we observed no evidence of an adverse association with
phenylalkylamine CCBs (which are relatively selective for the
myocardium and have little effect on systemic blood pres-
sure); however, these analyses may have been limited by re-
duced statistical power due to a relatively small number of us-
ers. Alternatively, changes in calcium homeostasis may affect
mitochondrial function, which may make neurons more vul-
nerable to processes such as oxidative stress.31,32

Strengths and Limitations
This study has several strengths. The first is its large sample
size, which allowed for the detection of small but meaningful
differences between CCB users and nonusers. The wealth of
participant data allowed us to adjust for multiple important
confounders, which may have limited previous study de-
signs. We were also able to account for the concurrent use
of other systemic medication classes known to affect IOP or
previously reported adverse associations with glaucoma. In
addition, we were able to simultaneously explore the associa-
tions of CCB use with glaucoma, IOP, and inner retinal thick-
ness, thus providing a plausible anatomic and mechanistic
basis for the observed association.

Our study was limited by glaucoma case ascertainment in
the UK Biobank, which relies on a combination of self-report
and linked ICD codes. Although our primary case definition
(based on ICD codes alone) is likely to be relatively specific,
it may fail to detect a substantial proportion of true case pa-
tients with glaucoma who may not be captured in a hospital-
based database. In contrast, self-report may identify more case
patients but poses a risk of misclassification and/or recall
bias. Another limitation is that we were not able to analyze the
duration or dosage of CCB use, which may play an important
role in its association with glaucoma. Together with the cross-
sectional study design, this precluded us from examining for
dose-response and temporal effects, further restricting our abil-
ity to make causal inferences. Although we adjusted for mul-
tiple important confounders, the observed associations might
represent residual confounding by unknown or unconsid-
ered factors. Finally, the majority of UK Biobank participants
(almost 95%) are White, so our findings may not be general-
izable to other populations.

Conclusions
In keeping with other smaller population-based studies, this
cross-sectional study adds further support to an adverse as-
sociation between CCB use and glaucoma, despite no appar-
ent association with IOP. This warrants further investigation
to determine whether the associations are causal and to probe
potential underlying biological mechanisms.
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