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Abstract

Aims: To assess whether associations of cardiopulmonary conditions and markers with glaucoma 

differ by background genetic risk for primary open angle glaucoma (POAG).

Methods: We constructed a POAG polygenic risk score (PRS) using genome-wide association 

study summary statistics from a large cross-ancestry meta-analysis. History of glaucoma 

(including self-report and codes for POAG, “other glaucoma,” or unspecified glaucoma), history 

of common cardiopulmonary conditions, and cardiopulmonary measures were assessed in the UK 

Biobank. Stratifying by PRS decile 1 (lowest risk) vs 10 (highest risk), separate multivariable 

models were estimated to assess associations of cardiopulmonary diseases or factors with 
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glaucoma, adjusting for age, sex, smoking, and medication use. A Bonferroni correction was 

used to adjust P-values for multiple comparisons.

Results: Individuals in POAG PRS deciles 1 (417 cases; 44,458 controls; mean age 56.8 years) 

and 10 (2135 cases; 42,413 controls; mean age 56.7 years) were included. Within decile 1, 

glaucoma cases had significantly higher glycated hemoglobin (38.5 vs 35.9 mmol/mol) and higher 

prevalence of diabetes (17.5% vs 6.5%), dyslipidemia (31.2% vs 18.3%), and chronic kidney 

disease (CKD) (6.7% vs 2.0%), than controls (adjusted P<0.0013 for each). Within decile 10, 

glaucoma was associated with higher prevalence of dyslipidemia (27.7% vs 17.3%; P=6.9E-05). 

The magnitude of association between glaucoma and diabetes, CKD, and glycated hemoglobin 

differed between decile 1 and 10 (contrast test p-for-difference <0.05).

Conclusion: The relation between systemic conditions and glaucoma vary by underlying genetic 

predisposition to POAG, with larger associations among those who developed glaucoma despite 

low genetic risk.

Precis:

Stratifying by primary open angle glaucoma polygenic risk score, glaucoma was associated with 

several cardiopulmonary diseases and measures, with greater magnitudes of association among 

those who developed glaucoma despite low genetic risk.
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INTRODUCTION

Glaucoma, the leading global cause of irreversible blindness, accounts for 9-12% of vision 

impairment cases and 23% of follow-up eye care appointments in the United Kingdom 

(UK).[1,2] The pathogenesis of primary open angle glaucoma (POAG), the most common 

form of glaucoma, is not fully understood.[1,3] While the heritability of POAG is estimated 

to be relatively high at 70%, the genetic architecture for this disease is incompletely 

understood.[4-6] For complex diseases such as POAG, polygenic risk scores (PRSs) can 

be used to account for the cumulative contribution of risk variants, each of which may 

have a small effect, to provide a single summary measure of an individual’s overall genetic 

risk for a given disease.[7] Multiple PRSs for POAG have been created using genome 

wide association data from large case-control studies.[8-10] Higher POAG PRS genetic 

risk scores are associated with higher risk of POAG, earlier age at diagnosis, and higher 

intra-ocular pressure, among others.[5,10]

Prior population-based studies have suggested an association between glaucoma and a 

number of cardiopulmonary diseases.[11-18] Individuals with glaucoma may have a greater 

burden of type 2 diabetes mellitus (T2DM),[12] hypertension,[13] heart disease,[14] chronic 

kidney disease (CKD),[15] and stroke,[16] although these associations are complex and 

inconsistent. Similarly, studies of the association of several cardiometabolic measures, 

including higher serum glucose,[12] serum triglycerides,[17] body mass index,[18] and 

blood pressure,[18] with glaucoma have also yielded mixed results. These inconsistencies 
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may be related to failure to account for subjects’ genotypes. Individual’s genetic risk for 

glaucoma may modulate the relative impact of environmental or other genetic risk factors 

for cardiopulmonary disease.

We used data from the UK Biobank cohort to test the hypothesis that the associations 

between glaucoma and cardiopulmonary diseases or factors will differ in those with low 

glaucoma genetic risk, compared to those with high genetic risk, as assessed by POAG PRS. 

These findings will contribute to a better understanding of the mechanisms underlying the 

association between glaucoma and cardiopulmonary diseases.

MATERIALS AND METHODS

Study Sample:

United Kingdom Biobank—This analysis uses data from the Caucasian subset of the 

prospective, cross-sectional UK Biobank (UKBB), which recruited 502,656 volunteers 

enrolled in the UK National Health Service (ages 40-69 years) from 22 study sites in the 

UK, between 2006-2010. Detailed phenotypic and genotypic information was collected via 

surveys, physical examination, laboratory biological sample testing, and medical records. 

Eye examination including intraocular pressure (IOP) testing was conducted in 133,668 

individuals and spectral domain ocular coherence tomography (OCT) was conducted in 

a subset of over 84,000 individuals. The National Research Ethics Service Committee 

NorthWest–Haydock approved the study, and it was conducted in accordance with the 

Declaration of Helsinki. All participants provided written informed consent. This research 

was conducted using the UK Biobank Resource under application number 50211.

Glaucoma Cases and Controls—Individuals with glaucoma were identified if they 

self-reported glaucoma on eye problems/disorders (UKBB data field 6148) or noncancer 

illness (UKBB data field 20002) or had an International Classification of Diseases, Ninth 

or Tenth Revision (ICD-9/10) diagnosis code (UKBB data fields 41210 and 41271) for 

POAG (ICD-9 code 365.11, ICD-10 code H40.1), other glaucoma (ICD-10 code H40.8), or 

glaucoma, unspecified (ICD-9 code 365.9, ICD-10 code H40.9). This definition was chosen 

based on its use in prior research in population-based and registry-based studies of genetic 

risk for glaucoma.[9,19] Among those not eligible for the glaucoma case cohort, individuals 

were included in the control cohort if they did not have an ICD diagnosis of any type of 

glaucoma (ICD-10 codes H40.XX or ICD-9 codes 365.XX). To attempt to exclude potential 

undiagnosed cases of glaucoma from our control cohort, in the subset of individuals with 

available IOP data, those with measured IOP >24 mmHg were also excluded from the 

control cohort (this criteria was not applied to the glaucoma case cohort).

Outcomes: Cardiopulmonary Diseases and Measures

Medical history of T2DM, hypertension, dyslipidemia (“Disorders of lipoprotein 

metabolism and other lipidemias”), cardiovascular disease (CVD), stroke, CKD, and chronic 

obstructive pulmonary disease (COPD) were defined using a composite of self-report 

(UKBB data field 20002) and ICD-9/10 diagnoses (UKBB data fields 41210 and 41271, 

ICD codes are listed in Supplement 1). Participants underwent physical examination, and 
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body mass index, systolic and diastolic blood pressure, pulse rate, waist-to-hip ratio, and 

forced expiratory volume in 1 second to forced vital capacity ratio (FEV1/FVC) were 

measured. Participants gave blood specimen, and levels of glycated hemoglobin (HbA1c), 

total cholesterol, high- and low-density lipoprotein cholesterol, vitamin D, and creatinine 

were measured using standard laboratory chemical procedures.[20]

Stratification Factor: Primary Open Angle Glaucoma Polygenic Risk

To provide a single numeric summary measure of background genetic risk for POAG, data 

from genome-wide associate study (GWAS) summary statistics from the Caucasian subset of 

a large cross-ancestry meta-analysis (with the exclusion of the UKBB cohort) were used to 

create a POAG PRS.[21] See Supplement 2 for further technical details.[9] The ranges for 

POAG PRS by decile are: Decile 1 <0.19; Decile 2 0.19-0.26, Decile 3 0.26-0.31; Decile 4 

o.31-0.36; Decile 5 0.36-0.39; Decile 6 0.39-0.44; Decile 7 0.44-0.48; Decile 8 0.48-0.54; 

Decile 9 0.54-0.61; Decile 10 >0.61.

Ganglion Cell Complex Thickness:

Spectral domain OCT scans of the macula were obtained on a subset of 67,321 participants 

using Topcon 3D OCT 1000 Mk2 (Topcon, Inc, Japan).[22,23] Ganglion cell complex 

(GCC) thickness was defined as the total thickness of the retinal nerve fiber layer, retinal 

ganglion cell layer, and inner plexiform layer. Data from each participant’s eye with thinner 

GCC was used. See Supplement 2 for further technical details.

Statistical Analysis:

For glaucoma cases and controls, participant demographic, covariate, and cardiopulmonary 

characteristics were characterized descriptively and compared using logistic regression 

models. Prevalence of cardiopulmonary diseases and levels of cardiopulmonary factors 

were calculated separately for each POAG PRS decile. The number of glaucoma cases and 

controls in each POAG PRS decile was visualized graphically.

Models assessing the association between glaucoma and cardiopulmonary outcomes were 

adjusted for age, sex, self-reported smoking history (data field 6119), and self-reported 

use of beta-blockers, calcium channel blockers, and statins (data field 20003). Separate 

logistic (for disease outcomes) or linear (for laboratory or examination measure outcomes) 

regression models were used to assess associations between each cardiopulmonary factor 

and glaucoma. To detect whether associations between glaucoma and cardiopulmonary 

factors persisted when stratifying by POAG PRS, similar models were constructed 

separately for individuals within POAG PRS decile 1 and within decile 10.

For outcomes that were significantly associated with glaucoma within decile 1 or within 

decile 10, we used a contrast test to assess whether associations differed between decile 

1 vs 10 (https://www.hsph.harvard.edu/donna-spiegelman/software/contrasttest/).[24] Trends 

across POAG PRS decile for prevalence or mean level of these outcomes were visualized 

graphically, and compared using multivariable models with POAG PRS decile as a 

continuous variable predictor of each outcome for cases and controls separately.
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As a sensitivity analysis, for each outcome that was significantly associated with glaucoma 

within POAG PRS decile 1 or decile 10, we constructed a logistic (for binary outcomes) 

or linear (for continuous outcomes) regression model with ganglion cell complex (GCC) 

thickness (a marker for glaucomatous optic neuropathy) as a predictor of the given outcome, 

adjusting for age, sex, and refractive error (spherical equivalents).

Data analysis was performed using SAS Enterprise Guide statistical software version 9.4 

(SAS Institute Inc., Cary, NC) and RStudio Version 1.1.456 (RStudio Inc., Boston, MA). All 

statistical tests were 2-sided, and a significance threshold of alpha=0.05 was used. Residuals 

in regression models had p-values for normality >0.05 in a Shapiro-Wilk tests. Associations 

that were robust to Bonferroni adjustment for 38 multiple comparisons (alpha=0.0013) were 

noted.

RESULTS

Of the 453,179 individuals of European descent with available genomics data in the 

UKBB cohort, 9,779 cases and 437,418 controls were included in this analysis. Mean 

(standard deviation [SD]) POAG PRS score was 0.48 (0.2) for glaucoma cases and 0.40 

(0.2) for controls (p=1E-20); possible scores ranged form −0.1 to 1.1. Demographic and 

cardiopulmonary characteristics for cases and controls are presented in Table 1. Prevalence 

or means and standard deviations for cardiopulmonary factors stratified by glaucoma status 

and POAG PRS decile for all 10 deciles are presented in Supplement 3.

The prevalence of glaucoma in each decile of POAG PRS is visualized in Figure 1. As 

expected, the number of cases increased as POAG PRS decile increased, ranging from 417 

cases (0.93% prevalence) in decile 1 to 2,135 cases (4.79% prevalence) in decile 10.

In logistic regression models adjusting for age, sex, smoking history, beta blocker, calcium 

channel blocker, and statin use, glaucoma cases had higher odds of T2DM, hypertension, 

dyslipidemia, CVD, stroke, CKD, and COPD compared to controls (p<0.001 for all, Table 

1). Compared to controls, glaucoma cases had higher BMI (27.1 vs 26.9 kg/m^2; p=0.0002), 

lower pulse rate (68.36 vs 68.38 beats per minute; p=0.025), higher HbA1c (37.5 vs 35.9 

mmol/mol; p<0.0001), lower cholesterol (20.9 vs 21.4 mmol/L; p<0.0001), lower LDL (3.52 

vs 3.57 mmol/L; p=0.003), lower vitamin D (49.45 vs 49.46 nmol/L; p=0.0003), and higher 

creatinine (73.7 vs 72.2 umol/L; p=0.015) (Table 1).

Using covariate adjusted logistic (for binary outcomes) or linear (for continuous outcomes) 

regression models, we assessed the association between glaucoma and cardiopulmonary 

factors, with separate models for individuals in POAG PRS decile 1 (417 cases, 44,458 

controls, lowest genetic risk) and decile 10 (2135 cases, 42,413 controls, highest genetic 

risk). Prevalence or means and standard deviations for each cardiopulmonary factor for cases 

and controls, within POAG PRS deciles 1 and 10 are presented in Table 2.

Within decile 1 (lowest genetic risk for POAG), glaucoma was associated with higher 

HbA1c (38.51 vs 35.9 mmol/mol; p=8.5E-06) and higher prevalence of T2DM (17.5% 

vs 6.5%; p=9.7E-7), dyslipidemia (31.2% vs 18.3%; p=0.028), CKD (6.7% vs 2.0%; 

p=0.0009), and COPD (9.4% vs 4.1%; p=0.041). Within decile 10 (highest genetic risk 
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for POAG), glaucoma was associated with higher forced expiratory volume in one second 

to forced vital capacity ratio (FEV1/FVC; 0.40 vs 0.36; p=0.021), lower cholesterol (21.1 

vs 21.6 mmol/L; p=0.015), and higher prevalence of T2DM (9.9% vs 6.4%; p=0.039) and 

dyslipidemia (27.7% vs 17.3%; p=7.0E-5).

Overall, the magnitudes of differences in cardiopulmonary disease prevalence and 

cardiopulmonary factor levels between glaucoma cases and controls were greater within 

decile 1 compared to within decile 10 (Table 2). Using a contrast test, the magnitude 

of association of glaucoma with higher prevalence of diabetes (p-for-difference=0.001), 

higher prevalence of CKD (p=0.046), and higher HbA1c (p<0.0001) were greater in decile 

1 compared to decile 10. Associations of glaucoma with dyslipidemia (p=0.73), COPD 

(p=0.11), FEV1/FVC (p=0.62), or cholesterol level (p=0.25) did not significantly differ 

between deciles 1 and 10.

Prevalence of T2DM, dyslipidemia, CKD, and COPD, but not dyslipidemia, tended to 

decrease among glaucoma cases (but not among controls) as POAG PRS decile increased 

(Figure 2). In covariate adjusted logistic regression models, odds of prevalent T2DM (odds 

ratio [OR]: 0.956; 95% CI: 0.933, 0.980), CKD (OR: 0.956; 95% CI: 0.921, 0.992), and 

COPD (OR: 0.962; 95% CI: 0.931, 0.993) decreased with each incremental increase in 

POAG PRS decile among glaucoma cases.

Mean HbA1c decreased as POAG PRS decile increased for glaucoma cases, but remained 

constant across deciles for controls (Figure 3). Mean cholesterol levels increased as POAG 

PRS decile increased for both glaucoma cases and controls (Figure 3). In covariate adjusted 

linear regression models, mean estimated HbA1c decreased (Beta: −0.138 mmol/mol; 95% 

CI: −0.194, −0.082) and mean estimated cholesterol increased (Beta: 0.073 mmol/L; 95% 

CI: 0.030, 0.116) with each incremental increase in POAG PRS decile among glaucoma 

cases.

The sensitivity analysis included 739 glaucoma cases and 38,730 controls. Thinner GCC 

was associated with lower cholesterol in PRS decile 1 (p=0.004). In decile 10, thinner 

GCC thickness was associated with higher odds of diabetes (p=0.0002) and dyslipidemia 

(p=0.002), and with lower cholesterol levels (p=0.002) and higher HbA1c (p=0.006). Full 

sensitivity analysis results are presented in Supplement 4.

DISCUSSION

In this large cross-sectional study of UK Biobank subjects, we found a higher likelihood 

of prevalent diabetes, hypertension, dyslipidemia, CVD, stroke, CKD, and COPD among 

glaucoma cases compared to those without glaucoma. Overall, the magnitudes of differences 

in cardiopulmonary disease prevalence or mean levels of examination or laboratory 

measures between glaucoma cases and controls was greater among those with lowest 

background genetic risk for glaucoma relative to those with highest genetic risk.

Our findings corroborate previously reported associations between glaucoma and increased 

risk of cardiopulmonary diseases.[11-17] Several clinical and epidemiological studies 

have explored this association, with strong evidence of associations of glaucoma with 
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higher burden of cardiopulmonary diseases such as cardiovascular disease, T2DM, and 

hypertension.[11-17] Similarly, in the present study, those with glaucoma had higher BMI, 

HbA1c, and creatinine; and lower pulse rate, cholesterol, LDL, and vitamin D. In contrast 

with the present study, a prior study of 16,939 Korean individuals reported no association 

between glaucoma and dyslipidemia or cholesterol levels [17]. Our larger sample size 

may have allowed for the detection of statistically significant (but perhaps not clinically 

significant) associations between serum lipids and glaucoma. Others have reported an 

associated with both LDL and HDL with retinal nerve fiber bundle geometry, [25] consistent 

with our findings that thinner GCC thickness is associated with greater odds of dyslipidemia 

in PRS decile 10.

While several studies have assessed the association between glaucoma and cardiopulmonary 

diseases or factors,[11-17] no prior study has considered that this relationship may differ by 

underlying glaucoma genetic risk. To better understand the interaction between background 

genetic risk and metabolic factors, we stratified our analysis by first (lowest genetic risk) vs. 

tenth (highest genetic risk) decile of POAG PRS. In particular, glaucoma was statistically 

significantly associated with CKD, COPD, and HbA1c in decile 1, but not in decile 10. 

While glaucoma was associated with T2DM in both deciles, the magnitude of association 

was statistically significantly greater in decile 1. Further research with more robust sub-

categorization of glaucoma and more repeated assessment of IOP will be needed to consider 

whether these associations are more prominent in a specific glaucoma subtype (e.g. high vs 

normal tension glaucoma).

Both genetic and environmental factors drive the development of chronic diseases.[26] 

In those within POAG PRS decile 10, genetic factors likely play a larger role in the 

development of glaucoma overwhelming most environmental factors. Genetics likely play 

a lesser role for those in POAG PRS decile 1; for these individuals, environmental factors 

(e.g. systemic cardiopulmonary risk factors or interaction between genes that produce these 

systemic conditions and genes that comprise the POAG PRS) may be more important 

in determining who develops glaucoma.[27-29] This is consistent with our findings that 

the associations between glaucoma and cardiopulmonary diseases were greater in decile 1 

compared to decile 10. Moreover, prevalence of T2DM, dyslipidemia, CKD, and COPD 

tended to decrease among glaucoma cases as POAG PRS decile increased.

It is possible that certain genetic loci may exert opposite effects on risk for glaucoma vs. 

other diseases. For example, the APOE ε4 genotype is associated with increased risk for 

Alzheimer’s, but may be protective for glaucoma.[30] Similarly, there may be genotypes 

that are simultaneously risk factors for glaucoma (contributing to high PRS score), but 

are protective for some cardiopulmonary diseases. This may account for the observation 

that dyslipidemia was slightly more prevalent among those in POAG PRS decile 1 (8.3%) 

compared to decile 10 (7.3%). Alternatively, it is possible that glaucoma cases with low 

genetic risk may have developed glaucoma due to exposure to external environmental 

risk factors, which may also contribute to cardiopulmonary disease. For example, cigarette 

smoking might be associated with increased risk of glaucoma and is associated with most 

cardiopulmonary diseases.[31-33] While our analyses adjusted for cigarette smoking, it is 
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possible that the adjustment was incomplete or that other unmeasured environmental factors 

contributed to the observed patterns of association.

This study has several important limitations to consider. First, this study is cross-sectional 

and observational and causality cannot be demonstrated. Second, this analysis utilizes 

ICD codes and self-reporting to identify glaucoma and cardiopulmonary diseases, which 

likely resulted in over- or under-reporting of disease outcomes. However, prior studies 

have suggested high accuracy of ICD code diagnosis of glaucoma.[34-36] Those with 

diagnosed glaucoma may be more plugged into healthcare and may have a higher overall 

prevalence of diagnosed disease simply on the basis of being evaluated more often. Third, 

while those with ICD codes for secondary glaucoma were excluded from our analyses, 

it is possible that some individuals with secondary glaucoma were inadvertently included 

in our analysis. If, for example, an individual had glaucoma secondary to diabetic eye 

disease, this could have contributed to the observed associations between glaucoma and both 

diabetes and HbA1c. However, we expect this effect to be negligible given our large control 

group and our sampling strategy. Additionally, our definition of glaucoma has been used in 

prior research[9,19] and there is evidence for an association between diabetes and POAG, 

warranting the inclusion of those with diabetes and diabetic eye disease in our study cohort.

[37] Fourth, this analysis only includes Caucasian participants; therefore the generalizability 

to other racial or ethnic groups requires further evaluation. Fifth, the large size of the 

UKBB cohort allowed us to detect differences that were statistically significant, but may 

not be clinically meaningful. Lastly, the sensitivity analysis, while perhaps underpowered, 

did not completely support the main findings. Further research measuring OCT parameters 

in a larger sample would be needed to characterize associations between cardiopulmonary 

diseases and differences in retinal nerve fiber layer morphology. Because many individuals 

with glaucoma are undiagnosed, such studies using OCT parameters as an objective outcome 

will be important in identifying associations between glaucoma and systemic diseases.

This study also has several noteworthy strengths. First, this is the first study to consider 

that the association between glaucoma and cardiopulmonary factors may vary by glaucoma 

genetic risk. Second, the study was large enough to assess the relation between systemic 

factors and glaucoma stratified by POAG PRS. Third, this study utilizes data from a 

large cohort with well characterized genotypic and phenotypic data, yielding precise and 

stable estimates. Moreover, the POAG PRS was created using data from the largest GWAS 

metanalysis to date, and excluded UK Biobank participants. Fourth, our models include 

adjustment for potentially important confounders, including age, sex, cigarette use, and 

potentially confounding medication usage, namely beta-blockers and statins.

In conclusion, associations between glaucoma and cardiopulmonary diseases were larger 

in magnitude among those who developed glaucoma despite low genetic risk, particularly 

for diabetes, CKD, COPD, and cholesterol levels. Gene-environment interactions and 

gene-gene interactions may account for this observed pattern. Further research will be 

needed to investigate which environmental factors may mediate the observed differences in 

associations.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key Messages:

• What is already known on this topic: Glaucoma has been associated with 

several cardiopulmonary diseases.

• What this study adds: This study found that the association between 

glaucoma and cardiometabolic diseases differed by background genetic risk 

for glaucoma. Those who developed glaucoma despite having low genetic risk 

tended to have a higher prevalence of cardiometabolic disease, particularly for 

diabetes, CKD, COPD, and cholesterol levels.

• How this study might affect research, practice or policy: Individual’s 

genetic risk for glaucoma may modulate the relative impact of environmental 

or other genetic risk factors for cardiopulmonary disease. These findings may 

have implications for glaucoma or cardiometabolic disease screening as the 

use of genotyping becomes more common in the clinical setting.
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Figure 1: Prevalence of Glaucoma Cases by Primary Open Angle Glaucoma Polygenic Risk 
Decile
Glaucoma was defined as self-reported glaucoma or diagnosis code for primary open 

angle glaucoma, other glaucoma, or unspecified glaucoma. The ranges for POAG PRS 

by decile are: Decile 1 <0.19; Decile 2 0.19-0.26, Decile 3 0.26-0.31; Decile 4 o.31-0.36; 

Decile 5 0.36-0.39; Decile 6 0.39-0.44; Decile 7 0.44-0.48; Decile 8 0.48-0.54; Decile 9 

0.54-0.61; Decile 10 >0.61. POAG: primary open angle glaucoma. Decile 1 indicates lowest 

background genetic risk for POAG. Decile 10 indicates highest background genetic risk for 

POAG.
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Figure 2: Prevalence of Type II Diabetes Mellitus, Dyslipidemia, Chronic Kidney Disease, and 
Chronic Obstructive Pulmonary Disease by Primary Open Angle Glaucoma Polygenic Risk 
Score Decile, Among Glaucoma Cases and Controls.
Abbreviations: COPD: Chronic Obstructive Pulmonary Disease. POAG PRS: Primary Open 

Angle Glaucoma Polygenic Risk Score. Decile 1 indicates lowest background genetic risk 

for POAG. Decile 10 indicates highest background genetic risk for POAG.
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Figure 3: Blood Levels of Glycated Hemoglobin and Cholesterol by Primary Open Angle 
Glaucoma Polygenic Risk Score Decile, Among Glaucoma Cases and Controls.
POAG PRS: Primary Open Angle Glaucoma Polygenic Risk Score. Decile 1 indicates 

lowest background genetic risk for POAG. Decile 10 indicates highest background genetic 

risk for POAG.
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Table 1:

Demographic and Cardiopulmonary Characteristics of 9,779 Glaucoma Cases and 437,418 Controls

Cases (n=9,779) Controls (n=437,418)

Characteristic
n with
available data

Mean (SD)
or %

n with
available
data

Mean (SD)
or %

p-value*
(cases vs
controls)

POAG PRS 9,779 0.48 (0.2) 437,418 0.40 (0.2) <0.0001

Male 9,779 52% 437,418 45.7% -

Age (Years) 9,779 61.4 (6.3) 437,418 56.6 (8.0) -

Beta Blocker Use 9,779 12.5% 437,418 6.7% -

Calcium Channel Blocker Use 9,779 9.1% 437,418 5.6% -

Statin Use 9,779 23.6% 437,418 15.3% -

Medical
History

n with
available
data

Prevalence n with
available
data

Prevalence

Diabetes 9,779 12.3% 437,418 6.5% <0.0001

Hypertension 9,779 47.0% 437,418 32.8% <0.0001

Dyslipidemia 9,779 28.7% 437,418 17.9% <0.0001

Cardiovascular Disease 9,779 15.4% 437,418 9.2% 0.0005

Stroke 9,779 2.5% 437,418 1.3% <0.0001

Chronic Kidney Disease 9,779 4.4% 437,418 2.0% <0.0001

Chronic Obstructive Pulmonary Disease 9,779 6.9% 437,418 3.9% <0.0001

Examination
Measures

n with
available
data

Mean (SD) n with
available
data

Mean (SD)

BMI (kg/m^2) 9,277 27.1 (3.9) 417,540 26.9 (3.9) 0.0002

Systolic BP (mmHg) 8,704 140.6 (16.6) 390,297 136.7 (17) 0.067

Diastolic BP (mmHg) 8,702 82.0 (8.8) 384,684 81.7 (8.8) 0.667

Pulse Rate 8,487 68.4 (9.8) 380,790 68.4 (9.5) 0.025

Waist to Hip Ratio 9,351 0.88 (0.1) 422,605 0.87 (0.1) 0.2959

FEV1/FVC Ratio 6,684 0.37 (0.7) 331,930 0.35 (0.7) 0.012

Laboratory
Measures

n with
available
data

Mean (SD) n with
available
data

Mean (SD)

Hemoglobin A1C (mmol/mol) 9,328 37.5 (8.0) 418,178 35.9 (6.5) <0.0001

Cholesterol (mmol/L) 9,292 20.9 (5.8) 416,009 21.4 (5.7) <0.0001

HDL (mmol/L) 8,596 1.4 (0.4) 383,593 1.5 (0.4) 0.98

LDL (mmol/L) 9,319 3.5 (0.9) 417,447 3.6 (0.9) 0.0029

Vitamin D (nmol/L) 8,899 49.5 (20.7) 400,227 49.4 (21.0) 0.0003

Creatinine (umol/L) 9,334 73.7 (22.7) 417,979 72.2 (17.9) 0.015

*
p values are from separate logistic regression models of the association between each characteristic and glaucoma, adjusted for age, sex, smoking 

history, beta blocker, calcium channel blocker, and statin use.

Abbreviations: BMI: body mass index; BP: blood pressure, HDL: high density lipoprotein; LDL: low density lipoprotein.
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Table 2:

Cardiopulmonary Characteristics by Glaucoma Status for Individuals in Primary Open Angle Glaucoma 

Polygenic Risk Score Deciles 1 (lowest genetic risk) and 10 (highest genetic risk)

POAG PRS Decile 1 POAG PRS Decile 10

Characteristic
(2)

Cases
n=417

Controls
n=44,453

p-value
(1) (cases
vs
controls)

Cases
n=2,135

Controls
n=42,413

p-value
(1) (cases
vs
controls)

Medical
History Prevalence Prevalence Prevalence Prevalence

Diabetes 17.5% 6.5% 9.7E-07** 9.9% 6.4% 0.039*

Hypertension 50.1% 33.4% 0.16 43.8% 32.4% 0.26

Dyslipidemia 31.2% 18.3% 0.028 27.7% 17.3% 6.9E-05**

Cardiovascular Disease 18.9% 9.2% 0.051 15.1% 9.2% 0.08

Stroke 1.9% 1.3% 0.80 2.1% 1.2% 0.27

Chronic Kidney Disease 6.7% 2.0% 0.0009** 4.0% 2.1% 0.07

Chronic Obstructive Pulmonary Disease 9.4% 4.1% 0.041* 5.4% 4.0% 0.71

Examination
Measures Mean (SD) Mean (SD) Mean (SD) Mean (SD)

BMI (kg/m^2) 27.2 (3.7) 26.9 (3.9) 0.91 27.0 (3.8) 26.8 (3.9) 0.089

Systolic BP (mmHg) 140.9 (17.5) 136.9 (17.0) 0.67 140.1 (16.3) 136.6 (17.0) 0.81

Diastolic BP (mmHg) 81.5 (8.8) 81.8 (8.9) 0.19 81.9 (8.8) 81.69 (8.8) 0.36

Pulse Rate 69.1 (9.8) 68.3 (9.5) 0.11 68.0 (9.6) 68.4 (9.5) 0.19

Waist to Hip Ratio 0.89 (0.08) 0.87 (0.08) 0.39 0.88 (0.08) 0.87 (0.08) 0.40

FEV1/FVC Ratio 0.4 (0.7) 0.35 (0.72) 0.11 0.4 (0.7) 0.36 (0.7) 0.021*

Laboratory
Measures Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Hemoglobin A1C (mmol/mol) 38.5 (8.5) 35.9 (6.4) 8.5E-06** 36.9 (6.7) 35.9 (6.4) 0.80

Cholesterol (mmol/L) 20.4 (5.6) 21.2 (5.6) 0.87 21.1 (5.4) 21.6 (5.7) 0.015*

HDL (mmol/L) 1.4 (0.4) 1.5 (0.4) 0.57 1.4 (0.4) 1.5 (0.4) 0.34

LDL (mmol/L) 3.5 (0.9) 3.6 (0.9) 0.77 3.6 (0.9) 3.6(0.9) 0.54

Vitamin D (nmol/L) 47.8 (19.9) 49.5 (21.0) 0.074 49.9 (20.3) 49.3 (21.0) 0.59

Creatinine (umol/L) 74.2 (18.0) 72.3 (17.1) 0.79 73.3 (26.3) 72.1 (18.0) 0.18

(1) p values are from logistic regression models adjusted for age, sex, smoking history, beta blocker, calcium channel blocker, and statin use.

*
Indicates p<0.05.

**
Indicates p<0.0013 (Bonferroni adjusted threshold).

Abbreviations: BMI: body mass index; BP: blood pressure, HDL: high density lipoprotein; LDL: low density lipoprotein.
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