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ABSTRACT

Purpose: To determine whether self-reported race/ethnicity is associated with intraocular pressure (IOP) and glaucoma and to explore whether any
associations are due to social, behavioral, genetic, or health differences.

Design: Cross-sectional analysis of population-based data.

Methods: We used the Canadian Longitudinal Study on Aging Comprehensive Cohort, which consists of 30,097 adults aged 45-85 years. Race/
ethnicity was self-reported. Corneal-compensated intraocular pressure (IOP) was measured in mmHg using the Reichert Ocular Response Analyzer.
Participants were asked to report if they have ever had a diagnosis of glaucoma and whether they used eye care in the past year. A glaucoma
polygenic risk score (PRS) was calculated. Logistic and linear regression models were used.

Results: Black individuals had higher mean IOP levels (beta coefficient (B) = 1.46; 95% confidence interval [CI], 0.62, 2.30) while Chinese, Japanese
and Korean (f = —1.00; 95% CI, —1.63, —0.38) and Southeast Asian and Filipino individuals (p = —1.56; 95% CI, —2.68, —0.43) had lower mean
IOP levels as compared to White individuals after adjustment for sociodemographic, behavioral, genetic, and health-related variables. Black people
were more likely to report glaucoma as compared to White people after adjustment (odds ratio [OR] = 2.43; 95% CI, 1.27, 4.64).

Conclusion: Racial and ethnic differences in IOP and glaucoma were identified. Adjusting for sociodemographic, behavioral, genetic, and health-
related variables did not fully explain these differences. Longitudinal research is needed to further explore the reasons for these differences and
to understand their relevance to disease pathogenesis and progression.

1. Introduction

Glaucoma, a leading cause of irreversible vision loss worldwide and estimated to affect 76 million people in 2020, consists of a
group of optic neuropathies undergoing progressive degeneration of retinal ganglion cells [1-3]. Factors related to the development
and progression of glaucoma have not been fully characterized but both genetic and environmental factors are important [1,4].
Currently, reduction of intraocular pressure (IOP) is the only method proven to treat glaucoma [5].

For reasons that we do not yet fully understand, type and frequency of glaucoma vary by ethnic background. People having Eu-
ropean, African, and Latin American ancestry are much more likely to develop primary open-angle glaucoma (POAG) rather than
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primary angle-closure glaucoma (PACG) while people of Asian ancestry may develop either POAG or PACG [3,6]. Furthermore, Black
Americans have a higher prevalence of glaucoma than White Americans [7] with the prevalence in Hispanic Americans falling between
the two [8]. Research has suggested that Black Americans may have an earlier age of onset of glaucoma and an increased progression to
blindness [9,10], although other studies have reported similar visual field progression between Black and White Americans [11] and
the Ocular Hypertension Treatment Study found that the association between Black race and the incidence of glaucoma disappeared
when adjusting for other factors like central corneal thickness [12]. In addition, The Barbados Eye Study reported that Black par-
ticipants had higher IOP than mixed race or White participants [13].

Prior studies have been limited in the number of ethnic groups that they have included. They have also failed to thoroughly
investigate reasons for racial and ethnic differences in glaucoma and IOP. Using the baseline data from the Canadian Longitudinal
Study on Aging (CLSA) that included multiple racial and ethnic groups of sufficient size, we investigated the associations between
ethnicity, IOP, and glaucoma and assessed whether the associations were due to social, behavioral, genetic, health, or healthcare access
factors.

2. Methods
2.1. Study population and design

A cross-sectional analysis was conducted using the first wave of data from the CLSA Comprehensive Cohort made up of 30,097
Canadian adults aged 45-85 years [14]. Stratified random sampling of provincial healthcare registration databases and random digit
dialing of landline telephones was used to obtain the CLSA sample. The first wave of data was collected between 2012 and 2015
through in-home interviews and visits to data collection sites for physical examinations and biospecimen sample collections. These
sites were located in cities across 7 provinces. Inclusion criteria were: participants had to be aged 45-85 years, living in the community,
not cognitively impaired, and speak English or French. Exclusion criteria were: being a full-time member of the Canadian Armed
Forces, living on a federal First Nations reserve or settlement, residing in a long-term care institution, or not a permanent resident or
Canadian citizen.

2.2. Informed consent and ethics approval

All participants gave written informed consent. Research Ethics Board approval was acquired for all CLSA sites in July 2010. The
University of Ottawa Office of Research Ethics and Integrity gave approval for the present analysis in October 2021 (H-12-18-2153).

2.3. Ocular data

Participants were asked to report any previous diagnosis of glaucoma by a doctor and whether they had visited an ophthalmologist
or optometrist in the past year. Corneal-compensated IOP was evaluated using the Reichert Ocular Response Analyzer (Reichert
Technologies, Depew, NY, USA). The IOP of the right and left eyes was averaged together for analysis. If one eye was missing IOP data,
then the IOP value of the other eye was used. To estimate the pre-treatment IOP, the IOP of participants taking medications with a Drug
Identification Number (DIN) of an IOP-lowering eye drop was divided by 0.7, which is the mean estimated treatment effect [15]. This
approach has been used previously [16]. IOP values greater than 60 were treated as probable measurement errors and were excluded.

2.4. Race/ethnicity

Race/ethnicity was self-reported using an interviewer-administered questionnaire at baseline. In order to avoid small numbers,
participants were grouped into 1 of 9 racial/ethnic groups including 1) White, 2) Black, 3) Chinese, Japanese and Korean, 4) Southeast
Asian and Filipino, 5) South Asian, 6) Arab and West Asian, 7) Latin American, 8) Other, and 9) Mixed. People who reported being from
more than one group were placed into the “Mixed” category.

2.5. Genetic data

Genome-wide genotyping of non-fasting blood samples from consenting participating were done using the Affymetrix Axiom array
resulting in 794,409 single nucleotide polymorphisms (SNPs) from 26,622 participants [17]. Release 3 of the CLSA genomic data was
used. Marker- and sample-based quality control checks were performed by the CLSA using standard procedures [17]. Marker-based
checks were done for the examination of genotype consistency across genotyping batch, chromosomally defined sex,
Hardy-Weinberg equilibrium, and discordance of genotyping across control replicates. Sample-based checks were done for the ex-
amination of relatedness, heterozygosity, and genotype missing values. 15 individuals were excluded with extreme values of het-
erozygosity and genotype missingness while 1666 individuals were excluded for relatedness. Release 3 also included genotype data
imputed using the TOPMed reference panel at the University of Michigan Imputation Service. These imputed data contained 97,256
reference samples at 308,107,085 genetic markers [17].

A glaucoma polygenic risk score (PRS) was calculated for each CLSA participant having available genotype data that passed quality
control checks. The PRS was previously developed by Craig et al. [18] using 2673 independent SNPs associated with glaucoma from
their multitrait analysis of genome-wide association studies. Using genome build GRCh38/hg38, we had 2652 SNPs available in the
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CLSA to calculate the PRS. Because there were so few missing SNPs (<1%), proxy SNPs were not chosen to replace the missing SNPs.

The PRS was calculated for each CLSA participant with a weighted sum of the 2652 SNPs: Zizflszﬁi x SNP;, where J; is the effect size of
SNP; on glaucoma from Craig et al. and SNP; is the number of copies of the effect allele in an individual genotype or the expected
number of copies of the effect alleles for imputed genotypes. We standardized the PRS to have a mean of 0 and standard deviation (SD)
of 1.

Principal component analysis was performed on the CLSA genotype data and the top four principal components were clustered,

Table 1

Average IOP by self-reported race/ethnicity, demographic, health, lifestyle, and genetic factors.
n = 25,398 IOP (mm Hg) P-value

Mean (SD)

Race/ethnicity
White (n = 24,043) 16.1 (3.8) ref
Black (n = 160) 17.2 (4.3) 0.004
Chinese, Japanese and Korean (n = 205) 15.0 (3.6) <0.001
Southeast Asian and Filipino (n = 80) 14.6 (3.2) 0.007
South Asian (n = 209) 16.1 (3.6) 0.813
Arab and West Asian (n = 99) 15.6 (3.6) 0.306
Latin American (n = 82) 15.8 (4.0) 0.639
Other (n = 152) 16.4 (3.3) 0.312
Mixed (n = 364) 16.1 (3.8) 0.840
Age group (years)
45-54 (n = 6452) 15.3 (2.7) ref
55-64 (n = 8457) 16.2 (3.8) <0.001
65-74 (n = 6202) 16.9 (4.9 <0.001
75-85 (n = 4287) 17.1 (5.5) <0.001
Sex
Male (n = 12,792) 16.3 (4.0) ref
Female (n = 12,606) 15.9 (3.7) <0.001
Education
University degree or certificate above (n = 5477) 16.0 (5.4) ref
Bachelor’s degree (n = 6014) 15.7 (5.0) 0.001
Less than Bachelor’s degree (n = 13,864) 16.1 (3.3) 0.141
Household income
>$100,000 (n = 8929) 15.7 (3.7) ref
$50,000- $100,000 (n = 8422) 16.2 (4.0) <0.001
$20,000- $50,000 (n = 5242) 16.3 (3.8 <0.001
<$20,000 (n = 1228) 16.1 (3.6) 0.074
Refused/Don’t know (n = 1577) 16.0 (4.2) 0.036
Smoking status
Current (n = 2145) 15.6 (3.2) ref
Former (n = 11,154) 16.2 (3.9) 0.001
Never (n = 12,006) 16.0 (3.9) <0.001
Alcohol intake (grams/week)
T1 (n = 9979) 15.9 (3.7) ref
T2 (n = 7739) 16.0 (3.9) 0.053
T3 (n = 7515) 16.3 (3.9) <0.001
Diabetes
None (n = 20,916) 15.9 (3.8) ref
Type 1 (n = 136) 16.2 (4.4) 0.699
Type 2 (n = 2279) 16.8 (4.3) <0.001
Suspect/neither type (n = 1809) 16.2 (3.7) 0.017
High blood pressure
No (n = 11,348) 15.6 (3.7) ref
Yes (n = 14,050) 16.5 (3.9) <0.001
BMI
Underweight (n = 169) 15.1 (3.8) ref
Normal weight (n = 7406) 15.7 (3.9) 0.222
Overweight (n = 10,383) 16.1 (3.9) <0.001
Obese (n = 7358) 16.3 (3.6) <0.001
Eye care utilization
No (n = 9987) 15.8 (3.4) ref
Yes (n = 14,343) 16.3 (4.2) <0.001
PRS
Q1 (n = 6340) 15.0 (3.3) ref
Q2 (n = 6352) 15.8 (3.6) <0.001
Q3 (n = 6362) 16.4 (3.9) <0.001
Q4 (n = 6344) 17.1 (4.1) <0.001

*The following variables had missing data: race/ethnicity (n = 4), education (n = 43), smoking (n = 93), alcohol (n =
165), diabetes (n = 258), BMI (n = 82), eye care utilization (n = 1068); ref = reference category.
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yielding six clusters reflecting ancestry [17]. Each ancestry cluster was named by cross tabulating it with self-reported ethnicity and
finding the dominant group.

2.6. Demographic, health, and lifestyle data

Age, sex, education and income were collected during the in-home visit via an interviewer-administered questionnaire. Participants
had their height and weight measured using standardized procedures at data collection site visits. Body mass index (BMI) was
calculated and categorized according to World Health Organization guidelines (underweight <18.5 kg/m?, normal weight 18.5-24.9
kg/mz, overweight 25.0-29.9 kg/mz, and obese >30.0 kg/mZ) [19].

Participants were asked if they had a physician diagnosis of diabetes or high blood pressure. Also, blood pressure was measured 6
times using the BpTRU™ BPM200 Blood Pressure Monitor (Medaval, Dublin, Ireland). Readings 2 through 5 were averaged. Hy-
pertension was defined if: 1) a participant reported a physician diagnosis of hypertension or 2) if the average systolic blood pressure
was 130 mmHg or higher or 3) diastolic blood pressure was 80 mmHg or higher [20].

Participants were asked “Have you smoked at least 100 cigarettes in your life?”” and “At the present time, do you smoke cigarettes
daily, occasionally (at least once in last 30 days), or not at all (not in last 30 days)?”” Answers to these questions were used to determine
if a person was a current, former, or never smoker. A current smoker reported smoking at least 100 cigarettes and currently smokes
daily or occasionally. A former smoker reported smoking at least 100 cigarettes in their lifetime but had not smoked in the last 30 days.
Questions were asked about alcohol consumption frequency and type of alcohol consumed during the in-home visit. Total alcohol
intake (grams/week) was obtained by multiplying the weekly number of portions of each alcohol type by 13.45 g (the total alcohol
content of a standard portion size specified in the CLSA). Total alcohol intake was then divided into tertiles.

2.7. Statistical analysis

Our two primary outcomes were pre-treatment IOP and glaucoma. Mean IOP levels were examined by racial/ethnic, demographic,
health, and behavioral factors. The proportion of participants that used eye care in the past 12 months and the distribution of the mean
PRS were also examined by racial/ethnic group. Differences were tested by the linear and logistic regression. To adjust for potential
confounding variables including age, sex, education, income, smoking, alcohol intake, diabetes, systemic hypertension, BMI, PRS, and
province, linear regression was used for IOP while logistic regression was used for glaucoma. Given that race/ethnicity was self-
reported, additional analyses were performed to examine PCA genetic ancestry clusters with IOP and glaucoma. Sensitivity ana-
lyses were done to examine current IOP instead of pre-treatment IOP and IOP in the left eye instead of mean iop. Sampling weights and
strata variables were integrated into all analyses using the SVY commands in Stata SE 16 (StataCorp, College Station, TX, USA).

3. Results
3.1. Descriptive statistics

Our analysis sample consisted of 25,398 people (84% of the Comprehensive Cohort) who had complete genetic and IOP data with
IOP measures within the accepted range (up to 60 mmHg). Those missing IOP and/or genetic data (n = 4699) were very similar to

those not missing data except they were older, more likely to be female, and drank less alcohol (Supplementary Table 1).
The mean IOP of participants by race/ethnicity, demographic, behavioral, health-related, and genetic factors is shown in Table 1.
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Fig. 1. Percent of participants who had contact with an ophthalmologist or optometrist in past 12 months by self-reported racial/ethnic group.
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Participants who were Black, older, had lower incomes, drank more alcohol, had type 2 diabetes or high blood pressure, had higher
BMI, used eye care, and had higher glaucoma PRS scores had higher mean IOP levels (P < 0.05). Chinese, Japanese, and Korean,
Southeast Asian and Filipino participants, and women had lower IOP values (P < 0.05).

The proportion of participants who had contact with an ophthalmologist or optometrist in the past 12 months by racial/ethnic
group is presented in Fig. 1. Compared to White participants (55.3%), Arab and West Asian participants had the lowest proportion of
eye care utilization (35.4%, P = 0.002)), followed by Black participants (44.6%, P = 0.043)). Southeast Asian and Filipino participants
had the highest eye care utilization (62.2%) although it was not statistically significantly different from White participants (P = 0.420).

The distribution of the standardized PRS by racial/ethnic group is shown in Table 2. A higher PRS may mean a higher genetic risk of
glaucoma. The mean PRS differed significantly by racial/ethnic group. Black participants had the highest mean PRS (mean = 0.46, P <
0.001) compared to White participants followed by Chinese, Japanese, and Korean people (mean = 0.37, P < 0.001).

3.2. Regression models with self-reported ethnicity

In Table 3, linear regression was used to adjust the relationship between race/ethnicity and IOP for potentially confounding
variables including age, sex, education, income, smoking, alcohol intake, BMI, diabetes, systemic hypertension, eye care utilization,
and province. Model 1 adjusts for all variables except the PRS while Model 2 adjusts for all variables including the PRS. In Model 1,
individuals of Black race had higher mean IOP levels (beta coefficient () = 1.83; 95% confidence interval [CI], 1.00, 2.66) while
Chinese, Japanese, and Korean (p = —0.70; 95% CI, —1.32, —0.09) and Southeast Asian and Filipino individuals (p = —1.32; 95% CI,
—2.52, —0.12) had lower mean IOP levels as compared to White individuals after adjusting for sociodemographic, behavioral, and
health-related variables. Adjusting for the PRS in Model 2 slightly attenuated the relationship between Black race and IOP (§ = 1.46,
95% CI, 0.62, 2.30), although it remained statistically significant, while it increased the associations between Chinese, Japanese, and
Korean ethnicity (p = —1.00, 95% CI, —1.63, —0.38) and Southeast Asian and Filipino ethnicity and IOP (p = —1.56, 95% CI, —2.68,
—0.43).

The logistic regression results for glaucoma are shown in Table 4. In Model 1 of Table 4, individuals of Black race (odds ratio [OR]
= 2.83; 95% CI, 1.47, 5.47) and Latin American ethnicity (OR = 2.64; 95% CI, 1.02, 6.82) were more likely to report glaucoma
compared to White individuals after adjustment for demographic, behavioral, and health variables (Table 4). Further adjustment for
the PRS (Model 2) somewhat attenuated the association between Black race and glaucoma (OR = 2.43, 95% CI 1.27, 4.64) although it
remained statistically significant. Adjustment for the PRS attenuated the association between Latin American ethnicity and glaucoma
(OR = 2.39, 95% CI 0.93, 6.14) such that it was no longer statistically significant.

3.3. Regression models with genetic markers of ancestry

Because self-reported race and ethnicity may not accurately reflect ancestry [21], especially in those with mixed ancestry, we
conducted additional analyses instead using genetic markers of ancestry. Results were consistent with our main analyses using the
self-report of race/ethnicity (Supplementary Table 2). Individuals of African descent had higher mean IOP (§ = 2.06, 95% CI 1.27,
2.85), while individuals of East or Southeast Asian ancestry had lower mean IOP (§ = —0.73, 95% CI -1.26, —0.21) as compared to
individuals of European descent after covariate adjustment. As before, adjusting for the PRS somewhat attenuated the association
between African ancestry and IOP while it strengthened the association between East or Southeast Asian ancestry and IOP.

Similarly, we examined the association between genetic ancestry and glaucoma (Supplementary Table 3). As with self-reported
race/ethnicity, people of African descent were more likely to report glaucoma compared to individuals of European descent after
adjustment (OR = 2.70, 95% CI 1.42, 5.13). Adjustment for the PRS somewhat reduced the strength of the association.

In contrast to our findings using self-reported ethnicity, people with genetic Latin American ancestry were not more likely to report
glaucoma compared to those of European descent before (OR = 1.27, 95% CI 0.63, 2.55) or after PRS adjustment (OR = 1.21, 95% CI
0.62, 2.36). On the other hand, genetic Arab or West Asian ancestry was associated with glaucoma both before (OR = 1.55, 95% CI
1.03, 2.33) and after PRS adjustment (OR = 1.59, 95% CI 1.06, 2.38).

Table 2

Mean standardized PRS by self-reported racial/ethnic group.
Race/ethnicity PRS P-value

Mean (SD)

White 0.00 (1.00) ref
Black 0.46 (0.70) <0.001
Chinese, Japanese and Korean 0.37 (0.83) <0.001
Southeast Asian and Filipino 0.23 (0.63) 0.029
South Asian 0.24 (0.91) 0.038
Arab and West Asian —0.07 (0.87) 0.618
Latin American 0.28 (1.07) 0.103
Other 0.26 (0.95) 0.015
Mixed —0.01 (0.86) 0.934

Ref = reference category.
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Table 3
Linear regression analyses of the associations of self-reported race/ethnicity with IOP.
Model 17 IOP n = 22,205 Model 2° IOP n = 22,205
B (95% CI) B (95% CI)
Race/ethnicity
White 0.00 0.00
Black 1.83 (1.00, 2.66) 1.46 (0.62, 2.30)
Chinese, Japanese and Korean —0.70 (-1.32, —0.09) —1.00 (—1.63, —0.38)
Southeast Asian and Filipino —1.32 (—-2.52, —0.12) —1.56 (—2.68, —0.43)
South Asian 0.56 (—0.09, 1.22) 0.37 (—0.34, 1.07)
Arab and West Asian —0.02 (—0.88, 0.84) 0.08 (—0.71, 0.86)
Latin American 0.44 (—0.85, 1.73) 0.22 (-0.88, 1.33)
Other 0.57 (-0.13, 1.28) 0.34 (—0.38, 1.06)
Mixed 0.38 (—0.18, 0.94) 0.37 (—0.19, 0.93)
PRS - 0.81 (0.74, 0.87)

@ Adjusted for age, sex, education, income, smoking, alcohol intake, BMI, diabetes, high blood pressure, eye care utilization, and
province.
b Adjusted for all covariates in model 1 and PRS.

Table 4
Logistic regression analyses of the associations of self-reported race/ethnicity with glaucoma.
Model 1° Model 2"
Glaucoma n = 23,123 OR (95% CI) Glaucoma n = 23,123 OR (95% CI)
Race/ethnicity
White 1.00 1.00
Black 2.83(1.47, 5.47) 2.43 (1.27, 4.64)
Chinese, Japanese and Korean 0.53 (0.15, 1.83) 0.46 (0.13, 1.62)
Southeast Asian and Filipino 2.63 (0.89, 7.78) 2.40 (0.82, 7.05)
South Asian 1.02 (0.49, 2.10) 0.98 (0.48, 1.98)
Arab and West Asian 1.63 (0.40, 6.59) 1.83 (0.46, 7.25)
Latin American 2.64 (1.02, 6.82) 2.39 (0.93, 6.14)
Other 2.20 (0.87, 5.54) 1.99 (0.78, 5.05)
Mixed 1.83 (0.74, 4.56) 1.91 (0.74, 4.90)
PRS - 1.56 (1.42, 1.71)

@ Adjusted for age, sex, education, income, smoking, alcohol intake, BMI, diabetes, high blood pressure, eye care utilization and province.
b Adjusted for all covariates in model 1 and PRS.

3.4. Sensitivity analyses

The results from the sensitivity analysis using current IOP measures were consistent with our main results (data not shown). Also,
the results for IOP using data from only 1 eye are consistent with results using mean IOP (data not shown).

4. Discussion

We attempted to understand whether racial and ethnic differences in IOP and glaucoma are due to social, behavioral, genetic,
health, or healthcare differences. We found that Black participants had higher mean IOP levels while Chinese, Japanese, and Korean,
and Southeast Asian and Filipino participants had lower mean IOP levels as compared to White participants after adjustment. The PRS
sometimes acted as a positive confounder (adjusting for it attenuated the association) and sometimes acted as a negative confounder
(adjusting for it exaggerated the association). Adjustment for the PRS somewhat reduced the strength of the association with IOP
among Black participants while it increased the strength of the association for Southeast Asian and Filipino individuals.

Furthermore, we found that individuals of Black race and Latin American ethnicity were more likely to report glaucoma as
compared to White individuals, after adjusting for sociodemographic, behavioral, and health-related variables. Adjustment for the
glaucoma PRS reduced the strength of the associations among Black and Latin American participants. Our results using the self-report
of race and ethnicity were largely confirmed using measures of genetic ancestry. An exception was that only self-reported Latin
American ancestry was associated with glaucoma before adjustment for the PRS while genetic Latin American ancestry was not.
Further, genetic Arab or West Asian ancestry was associated with glaucoma while self-reported Arab or West Asian ancestry was not.

Documenting racial or ethnic differences in health without attempting to explain them is of limited value. Researchers need to
consider the conceptual framework underlying their investigation into health disparities [22,23]. Too often, ethnic differences have
been attributed to genetic causes without consideration of other social, behavioral, or health-related causes [24]. We identified several
groups of factors that could potentially cause ethnic differences in IOP and glaucoma including social, behavioral, health, healthcare,
and genetic factors. Despite adjusting for social factors like education and income, behavioral factors like alcohol consumption and
smoking, health factors like diabetes and high blood pressure, and care factors like eye care in the last year, strong associations
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between race/ethnicity and IOP and glaucoma remained. Further adjustment for the PRS somewhat attenuated our findings in Black
participants while it somewhat strengthened our findings with IOP in Chinese, Japanese and Korean and Southeast Asian and Filipino
individuals. Ultimately, we were not able to explain the racial and ethnic differences in IOP and glaucoma.

The CLSA is fairly unique in its large numbers of racial and ethnic groups allowing comparison of IOP between groups within the
same study. Another very large study with multiple ethnic groups, the UK Biobank, also found that Black participants had higher IOP
(B =0.77,95% CI 0.63, 0.90) and that Chinese participants had lower IOP (p = —0.74, 95% CI -1.10, —0.38) than White participants
[25]. The Barbados Eye Study and South African Eye Study also found that Black participants had higher IOP than mixed race or White
participants [13,26] and the Singapore Epidemiology of Eye Diseases Study reported that Chinese people had lower IOPs than Malay or
Indian participants [27]. Our findings for glaucoma were also consistent with previous research. Several studies have previously re-
ported that Black participants [7,28-30] and Latin American participants [8,31] were more likely to have glaucoma than White
participants.

We did not find that a polygenic risk score, demographic, behavioral, or health-related factors explained the relationship between
ethnicity and IOP/glaucoma. However, it’s possible that other biological factors are related to ethnic differences. For example,
although we had data on corneal-compensated IOP, we did not have data on other ocular biometric parameters. Researchers have
previously identified structural and biometric parameters associated with POAG and its progression in African-Americans as compared
to those of European descent including larger optic disc area, deeper maximum cup depth, and thinner corneas [32-35]. Further,
African-American glaucoma patients were found in prior research to have higher levels of oxygen in the anterior chamber as compared
to patients of European descent, which may contribute to increased oxidative stress, IOP, and cellular damage [36]. Studies have also
shown African-American glaucoma patients to have significantly lower retrobulbar blood flow compared to patients of European
descent [37,38].

Consistent with previous study results [39], Black and Latin American participants reported less contact with ophthalmologists and
optometrists relative to White participants, which could put them at greater risk of developing glaucoma if they have untreated ocular
hypertension. Arab and West Asian participants also were much less likely to have seen an ophthalmologist or optometrist in the last
year. However, we did not find that adjustment for recent eye care use diluted racial and ethnic differences.

The main strength of this study is the use of a large population-based sample of multiple racial/ethnic groups and data on social,
behavioral, health-related, and genetic factors. Several limitations must be noted. First, glaucoma status was based solely by self-report
with no information available on severity or subtype. However, our findings with glaucoma are consistent with many other studies [7,
8,28-31]. Furthermore, data on retinal nerve fiber layer and macular thickness, structures implicated in glaucoma disease patho-
genesis which have been previously found to vary according to race and ethnicity [40,41], were unavailable in the CLSA. Next, the use
of a PRS constructed from European-derived variants, which may not replicate in non-European samples [42], may mean that we were
not able to adequately adjust for the genetic risk of glaucoma. Therefore, we cannot rule out that the racial and ethnic differences in
IOP and glaucoma are due to genetic differences. Also, although the CLSA had several racial and ethnic categories of participants, most
of the categories were of limited size giving reduced statistical power to detect differences. Finally, beyond education and income, we
did not have extensive data on social factors like experience with discrimination that could cause health disparities [22].

5. Conclusion

Racial and ethnic differences in IOP and glaucoma were identified. Adjusting for sociodemographic, behavioral, genetic, and
health-related variables did not explain these differences. Longitudinal research is needed to further explore the reasons for these
differences and to understand their relevance to disease pathogenesis and progression.
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