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Purpose/Relevance: To determine the influence of hypertension (HTN), type 2 diabetes (DM2), migraine, and obstructive sleep
apnea (OSA) on the onset of primary open-angle glaucoma (POAG) to enhance predictive accuracy.

Methods: In this cross-sectional study, data for 389 eligible patients with POAG were collected through medical records review and
phone surveys. All data were assessed collectively using stepwise multiple regression analysis to determine the relative contribution to
age at POAG diagnosis. We used the following groups, based on age at diagnosis, HTN for patients with or without DM2 (model 1),
HTN for patients with DM2 (model 2), DM2 for patients with or without HTN (model 3), and DM2 for patients with HTN (model 4).
Results: In model 1, age at HTN diagnosis was associated with age at POAG diagnosis ( = 0.14; 95% CI, 0.01-0.26, p = 0.04). In
model 2, age at HTN diagnosis was not associated with age at POAG diagnosis (p > 0.05). In model 3, age at DM2 diagnosis was
associated with age at POAG diagnosis (B = 0.37; 95% CI 0.16-0.58, p = 0.001). In model 4, age at DM2 diagnosis was associated
with age at POAG diagnosis (f = 0.40; 95% CI 0.00-0.15, p = 0.003). Asian race/ethnicity was associated with early onset of POAG
in model 3 (B = —6.44; 95% CI —12.34-0.54, p = 0.033). OSA and migraine did not influence the onset of POAG.

Conclusion: Our study found that the diagnosis of DM2 and HTN at an earlier age is associated with the early onset of POAG.
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Introduction

Glaucoma is the leading cause of irreversible blindness in the world and represents a significant public health issue.'
Many risk factors for developing glaucoma have been described in literature: family history, elevated intraocular pressure
(IOP), older age, black race, vascular diseases including hypertension (HTN), type 2 diabetes (DM2), migraine, and
obstructive sleep apnea (OSA).*”’ Primary open-angle glaucoma (POAG) is the most common type of glaucoma,
accounting for 80% to 90% of all glaucoma.' Despite these well-known risk factors, the early stages of glaucoma
have few symptoms, so patients frequently present late in the course of the disease.® Patients in the latter group have
increased vision loss and fewer treatment options, significantly impacting their quality of life.®’

The prevalence of DM2, HTN, migraine, and OSA in glaucoma has been well studied, but their influence on the onset
of POAG is not well understood. Therefore, the aim of our study was to explore the relationship between the age at
diagnosis of HTN, DM2, history of migraine or OSA, and the age at POAG diagnosis.

We hypothesize that the history of early onset of HTN, DM2, migraine, and OSA contributes to the early onset of
POAG.

Methods

This cross-sectional study was approved by the Institutional Review Board (IRB) of UT Southwestern Medical Center
(UTSW). As there was no in-person patient-physician interaction, the IRB determined that no consent form was
necessary. We adhered to the principles of the Declaration of Helsinki and the United States Health Insurance
Portability and Accountability Act (HIPAA) of 1996.
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We used the International Statistical Classification of Diseases (ICD) diagnostic codes for POAG to select all
consecutive patients from a single practitioner (KSK) seen at the UTSW Eye Clinic, Dallas, TX, between June 2019
and December 2019. The clinical data used in the study were gathered via a review of the electronic medical records of
1116 patients stored at Epic (Epic, Verona, WI, USA). The patient information was stored and managed using a secure
REDCap (Research Electronic Data Capture) server hosted at UTSW.

Patient Selection

Patients with POAG were identified with the following criteria: open anterior chamber angle by gonioscopy, character-
istic glaucomatous optic nerve changes (cupping, notching, disc hemorrhage) with corresponding visual field defects, and
with or without elevated IOP (>21 mm Hg). Eligibility was defined as follows: >18 years old, history of glaucoma, no
significant retinal or vascular pathology or non-glaucoma related visual field defects, vision better than 20/200, and an
ability to speak and understand the English language. Exclusion criteria were as follows: secondary glaucoma, angle-
closure glaucoma, normal tension glaucoma, juvenile open-angle glaucoma, <3 clinic visits, type 1 diabetes, deceased,
non-English speaking, refusal to participate in the study, and dementia or mental disability.

Data Collection
Data collected via a medical records review included age, race, gender, vision, IOP, and body mass index (BMI).
Additional data collected via phone survey included date of disease diagnosis (POAG, HTN, DM2, and history of
migraine or OSA). Ages at the diagnosis for POAG, HTN, and DM2 were calculated from patient-provided survey
information and date of birth.

Visual acuity was measured using Snellen eye charts and IOP was checked by a Goldmann Applanation Tonometer
(Haag-Streit, Inc., Koeniz, Switzerland). Visual field examinations were performed using Humphrey Visual Field
Analyzer 3 (Carl Zeiss, Jena, Germany).

Data Analysis

All analyses were carried out using IBM SPSS Statistics for Windows, version 27.0 (IBM Corp., Armonk, N.Y., USA).
Student’s ¢-test was used to compare the mean age of POAG diagnosis between cohorts based on past medical history
including a history of OSA vs without, and a history of migraine vs without. We used analysis of variance (ANOVA) to
compare mean age at POAG diagnosis among four cohorts based on past medical history: HTN only vs DM2 only vs
HTN vs DM2 vs neither HTN nor DM2. Four stepwise multiple regression models were used to assess relationships
between age at POAG diagnosis and all of the following predictor variables: age at HTN or DM2 diagnosis and history
of migraine or OSA. Additionally, age, gender, race/ethnicity (as indicator variables), and BMI were included in each
model to control for confounding influences. Race/ethnicity were separated into four indicator variables: non-Hispanic
white, non-Hispanic black, Hispanic, and Asian. Stepwise regression models were separated to maximize the data
available for each of them. Each model included the predictor variables: age, gender, race/ethnicity, BMI, history of
migraine, and history of OSA. In addition to these predictor variables, each regression model had one of the following
predictor variables: age at HTN diagnosis for individuals with or without DM2 (model 1), age at HTN diagnosis for
individuals with DM2 (model 2), age at DM2 diagnosis for individuals with or without HTN (model 3), and age at DM2
diagnosis for individuals with HTN (model 4).

Results

Clinical Characteristics

Demographic and study characteristics are described in Table 1. Exclusion criteria and model structure are described in
Figure 1. Over the course of the study, 1116 eligible patients were identified for medical records review. Only 389 POAG
patients remained after all the exclusions. The key characteristics were 57.3% female and 42.7% male, with a mean age
of 71.39 years (£10.4). The predominant race/ethnicity were non-Hispanic white (48.1%) and non-Hispanic black
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Table | Demographic and Study Characteristics

Categorical Variables Frequency

Disease status (n = 389) HTN only 177 (45.5%)
DM only 23 (5.9%)
HTN and DM 83 (21.3%)
Neither HTN nor DM 106 (27.2%)

Race/ethnicity (n = 389) Non-Hispanic White 187 (48.1%)
Non-Hispanic Black 140 (36.0%)
Hispanic 26 (6.7%)
Asian 32 (8.2%)
Other 4 (1.0%)

History of migraine (n = 387) Yes 50 (12.9%)
No 337 (87.1%)

History of OSA (n = 387) Yes 84 (21.7%)
No 303 (78.3%)

Gender (n = 389) Male 166 (42.7%)
Female 223 (57.3%)

Continuous Variables Mean (SD)

Age (n = 389) 71.39 (10.4) years

Age at POAG diagnosis (n = 389) | 58.58 (14.3) years

Age at HTN diagnosis (n = 253) | 52.95 (13.28) years

Age at DM diagnosis (n = 99) 55.32 (11.6) years

BMI (n = 389) 28.47 (6.7)

Abbreviations: SD, standard deviation; POAG, primary open-angle glaucoma; HTN, hypertension; DM, type 2 diabetes; OSA,
obstructive sleep apnea; BMI, body mass index.

(36.0%). The mean age at POAG diagnosis was 58.58 years (+14.3), and the mean ages at HTN and DM2 diagnoses
were 52.95 years (+13.28) and 55.32 years (£11.6), respectively.

Migraine and Obstructive Sleep Apnea
There was no significant difference (t(385) = —0.428, p = 0.665) found in mean age at POAG diagnosis between patients
with a history of migraine compared to those without a history of migraine (Table 2).

There was no significant difference (t(385) = 1.053, p = 0.939) in mean age at POAG diagnosis between patients with
a history of OSA compared to those without a history of OSA (Table 3).

Hypertension and Type 2 Diabetes
A one-way ANOVA was conducted to compare mean age at POAG diagnosis based on past diagnoses: HTN only, DM2
only, HTN and DM2, and neither HTN nor DM2. There was not a significant effect of any independent variable on mean
age at POAG diagnosis at the p < 0.05 level for the four conditions (F(3,385) = 0.58, p = 0.63) (Table 4).

By design, age was a significant predictor in each model. Model 1 found that both age and age at HTN diagnosis for
patients with or without DM2 explained a significant amount of variance in age at POAG diagnosis (F(2,250) = 52.65,
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Assessed for Eligibility (n=1,116)
Retrospective Medical Records

Review

Excluded (n=727)
- secondary glaucoma (neovascular,
pigmentary, traumatic)
- normal tension glaucoma
- juvenile open-angle glaucoma
- angle closure glaucoma
- <3 clinic visits
- type 1 diabetes
- secondary hypertension
- deceased
- non-English speaking
- refusal to participate in survey
- dementia or mental disability

Analyzed (n=389)
Descriptive Statistics

Regression Analysis for
Age at POAG Diagnosis

Stepwise Multiple

v

\

Model 1 (n=253)
Age at HTN diagnosis
for patients with or
without diabetes

Model 3 (n=99)
Age at DM2
diagnosis for patients
with or without HTN

Model 2 (n=80)
Age at HTN diagnosis
for patients with DM2

Model 4 (n="77)
Age at DM2 diagnosis
for patients with HTN

Figure | Exclusion criteria and model structure.
Abbreviations: POAG, primary open-angle glaucoma; HTN, hypertension; DM2, type 2 diabetes.

p <0.001, R?=10.30, Rzadjusted = 0.39) (Table 5). Model 2 found that only age explained a significant amount of variance
in age at POAG diagnosis (F(1,78) = 28.76, p < 0.001, R* = 0.27, R®justea = 0.26) (Table 5). Model 3 found that age, age
at DM2 diagnosis with or without HTN, and Asian race/ethnicity explained a significant amount of variance in age at
POAG diagnosis (F (3,95) = 26.80, p < 0.001, R? = 0.46, Rzadjusted = (0.44) (Table 5). Model 4 found that both age and
age at DM2 diagnosis for patients with HTN explained a significant amount of variance in age at POAG diagnosis (F
(2,74) = 19.56, p < 0.001, R* = 0.35, R®,justea = 0.33) (Table 5).

Table 2 Mean Age at POAG Diagnosis Between Cohorts: History of Migraine and No History of Migraine

Student’s t-Test*

p =067

Variable Mean Age at POAG Diagnosis (Years) (SE)
History of migraine (n = 50) 57.84 (2.14)
No history of migraine (n = 337) 58.78 (0.77)

Note: *p-value of <0.05 was defined as statistically significant.
Abbreviations: POAG, primary open-angle glaucoma; SE, standard error.
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Table 3 Mean Age at POAG Diagnosis Between Cohorts: History of OSA and No History of OSA

Variable Mean Age at POAG Diagnosis (Years) (SE) Student’s t-Test*
History of OSA (n=84) 60.11 (1.69) p=0.94
No history of OSA (n=303) 58.25 (0.80)

Note: *p-value of <0.05 was defined as statistically significant.
Abbreviations: POAG, primary open-angle glaucoma; SE, standard error; OSA, obstructive sleep apnea.

Table 4 Mean Age at POAG Diagnosis Between Cohorts: HTN Only, DM2 Only, HTN and DM2, and Neither HTN nor DM2

Variable Mean Age at POAG Diagnosis (Years) (95% CI) One-Way ANOVA*

HTN only (n = 177)

58.57 (56.32 to 60.82)

p = 0.50

DM only (n = 23)

56.33 (50.50 to 62.16)

HTN and DMs (n = 83)

60.11 (57.16 to 63.06)

Neither HTN nor DM (n = 106)

57.89 (55.25 to 60.53)

Note: *p-value of <0.05 was defined as statistically significant.
Abbreviations: POAG, primary open-angle glaucoma; HTN, hypertension; DM, type 2 diabetes; Cl, confidence interval; ANOVA, analysis of variance.

Table 5 Results of Stepwise Regression Analysis of Age at POAG Diagnosis for Models 14

Variable Regression Coefficient (95% CI) P-value* Mean (SD)
Model | (n = 253): age at POAG diagnosis (adjusted R*= 0.29)

(Constant) —2.27 (-14.27 t0 9.73) 0.71

Age 0.75 (0.57 to 0.93) <0.001* 72.47 (9.35)
Age at HTN diagnosis for patients + DM 0.14 (0.0l to 0.26) 0.04* 52.95 (13.28)
Model 2 (n = 80): age at POAG diagnosis (adjusted R?= 0.26)

(Constant) (Constant) (Constant) (Constant)
Age Age Age Age

Model 3 (n = 99): age at POAG diagnosis (adjusted R*= 0.44)

(Constant) 291 (-11.00 to 16.81) 0.68

Age 0.51 (0.29 to 0.74) <0.001* 72.17 (10.72)
Age at DM diagnosis for patients + HTN 0.37 (0.16 to 0.58) 0.001* 55.32 (11.57)
Asian or not —6.44 (—12.34 to —0.54) 0.033* 0.13 (0.34)
Model 4 (n = 77): age at POAG diagnosis (adjusted R?= 0.33)

(Constant) —1.90 (—22.00 to 19.20) 0.86

Age 0.55 (0.24 to 0.86) <0.001* 73.56 (8.96)
Age at DM diagnosis for patients with HTN + DM 0.40 (0.00 to 0.15) 0.003* 56.13 (10.78)

Notes: Predictor variables included: age at HTN diagnosis for patients with or without DM2 (model | only), age at HTN diagnosis for patients with HTN and DM2 (model 2
only), age at DM2 diagnosis for patients with or without HTN (model 3 only), age at DM2 diagnosis for patients with HTN and DM2 (model 4 only), age, gender, race/
ethnicity, BMI, history of migraine, and history of OSA as predictor variables. Predictors not included in the model had a p-value > 0.05. *p-value of <0.05 was defined as
statistically significant.

Abbreviations: POAG, primary open-angle glaucoma; SD, standard deviation; HTN, hypertension; DM, type 2 diabetes; BMI, body mass index; OSA, obstructive sleep
apnea.
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Discussion

In this study, we addressed the relationship between age at DM2 and HTN diagnoses and age at POAG diagnosis using
our single practitioner database at an academic center. We found an association between age at HTN diagnosis and age at
POAG diagnosis in patients with or without DM2 (p = 0.04). We also found an association between age at DM2
diagnosis and age at POAG diagnosis in patients with both HTN and DM2, and those with or without HTN (p = 0.003;
p = 0.001). Our results indicate that the earlier a patient is diagnosed with HTN or DM2, the earlier they are diagnosed
with POAG.

While the association between age at HTN diagnosis and age at POAG diagnosis (1.3% change in R? in model 1) was
significant, it was noticeably weaker than age at DM2 diagnosis and age at POAG diagnosis (8.6% and 6.9% change in
R? in models 3 and 4, respectively). Unexpectedly, Asian race/ethnicity was incorporated into model 3. The model
indicated that Asian race/ethnicity was associated with earlier development of POAG for patients with DM2 with or
without HTN (2.7% change in R?). We did not find significant differences or trends for age at POAG diagnosis based on
a history of migraine or OSA. We also did not find significant contributions in predicting age at POAG diagnosis in our
models from gender, race/ethnicity in all other cases, or BMI. Finally, we did not find significant differences for the mean
age at POAG diagnosis between individuals with HTN only, DM2 only, HTN and DM2, or neither HTN nor DM2.

In this study, we focused on the relationship between HTN, DM2, migraine, OSA, and POAG. HTN has previously
been assessed for its possible contribution as a risk factor for POAG.”'® Zhao et al found during a 2014 meta-analysis
that the pooled relative risk for POAG for patients with HTN was 1.16, and there existed a weak dose—response
relationship as systolic and diastolic blood pressure increased.” Furthermore, Leeman noted in a 2019 systematic review
that “both high [blood pressure (BP)] and low BP are associated with an increased risk of [POAG] and that there is
mounting evidence that low nighttime BP or excessive dipping could adversely affect [POAG] progression”.'!

DM2 has been previously assessed for its possible contribution as a risk factor for POAG.® Zhao et al also found
during a 2015 meta-analysis that the pooled relative risk for POAG for patients with DM2 was 1.48, and the risk of
POAG increased by 5% each year since DM2 diagnosis.® Although POAG risk was addressed for each disease, there was
a lack of data on their effects on age at POAG diagnosis.

The history of migraine has been addressed previously as a possible POAG risk factor, though the relationship is still
controversial.'* Xu et al found in a 2018 meta-analysis that there was a mild but significant increase in POAG risk
associated with history of migraine (RR = 1.24).'* In addition, several other studies have indicated migraine as
a probable risk factor for POAG.'?"'®> Despite this, our understanding of how migraine affects POAG development is
poorly understood. In addition to migraine, OSA has limited data available as a POAG risk factor. A cohort study from
2013 found that, after a 5-year follow-up period, individuals with OSA had a hazard ratio of 1.67 for developing POAG
relative to other patients.'® A 2016 review also indicated that the prevalence of POAG is higher in OSA patients relative
to their peers.'” These data suggest that OSA may be a risk factor, but further research is merited in this area.
Furthermore, OSA and its effects on age at POAG diagnosis have not been further analyzed.

Limitations and Strengths

This is a cross-sectional study, and as such, it shares all the weaknesses associated with this study type. Additionally, the
sample size of this study was limited by the number of patients seen in the 6-month study period and by patient phone
survey completion. These constraints resulted in a smaller sample size than the initial 1116 patients as not all patients
were cligible or had complete phone survey data available during the time of data analysis. Furthermore, the small
sample size of disease subgroups limits the ability to draw generalizability conclusions. Patients were also asked to
confirm the date of their disease diagnosis from what had been documented in the electronic medical record. This creates
an additional area of uncertainty as we incorporated the patient’s memory of their disease diagnosis. Due to study setting
constraints, patients did not have their initial IOP assessed as they were frequently seen later in the course of their
disease. This could provide further insight within patient groups as variations in IOP are well known to contribute to
POAG risk. Finally, this study focused solely on type 2 diabetes and its relationship with POAG. Diabetic patients treated
with insulin have been noted in prior studies to have a higher risk of POAG compared to patients not receiving insulin.®
Our study did not analyze the relationship between POAG and type 1 diabetes or the role of insulin.
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Although type 1 diabetes was not addressed in this study, the study is strengthened by its differentiation between
types of diabetes in the context of POAG patients and the subsequent focus on the effects of DM2. Studies assessing this
relationship traditionally do not divide diabetes into separate categories, potentially confounding the results.®
Furthermore, although the sample size was significantly limited by the study method, the study is strengthened by
a wide diversity in racial/ethnic composition. We also attempted to limit confounding factors in this study by including
several demographic variables other than age at HTN and DM2 diagnoses.

Finally, all patients in this study belonged to one physician. We recognize that this introduces additional bias as
treatment is dependent on physician training and practice opinion.

Relevance and Use

Glaucoma poses a significant public health concern despite a greater understanding of the potential risk factors
over the last few decades.”” In order to reduce disease burden, general practitioners require a better under-
standing of when to refer patients to ophthalmologists for screening before disease develops and when to
anticipate disease in patient subgroups. In this study, we further elaborated on the relationship between several
well-understood risk factors while also looking further at the role these risk factors may play in the age
individuals develop POAG. A better understanding of the relationship between early development of DM2 or
HTN, history of migraine or OSA, and a potential younger age at POAG development could further reduce the
public health burden of glaucoma.

Conclusion

In our sample, an earlier age of diagnosis of DM2 and HTN was associated with an earlier POAG diagnosis. The history
of migraine and OSA was not predictive of earlier POAG diagnosis. Patients with early-onset DM2 or HTN may benefit
from earlier POAG screening, especially if they have other significant risk factors (ie, family history).

Abbreviations
HTN, hypertension; DM2, type 2 diabetes; OSA, obstructive sleep apnea; BMI, body mass index; ANOVA, analysis of
variance; POAG, primary open-angle glaucoma; IOP, intraocular pressure.
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