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Abstract

Purpose—To determine the risk factors associated with progression to blindness from primary
open-angle glaucoma (POAG) in an African-American population.

Methods—This study examined 2119 patients enrolled in the Primary Open-Angle African-
American Glaucoma Genetics (POAAGG) study. A total of 59 eyes were identified as legally
blind as a result of POAG (cases) and were age-and sex-matched to 59 non-blind eyes with
glaucoma (controls). Chart reviews were performed to record known and suspected risk factors.

Results—Cases were diagnosed with POAG at an earlier age than controls (p = 0.005). Of the
59 eyes of cases, 16 eyes (27.1%) presented with blindness at diagnosis. Cases had worse visual
acuity (VA) at diagnosis (p < 0.0001), with VA worse than 20/40 conferring a 27 times higher risk
of progression to blindness (p = 0.0005). Blind eyes also demonstrated more visual field defects (p
= 0.01), higher pretreatment intraocular pressure (I0P; p < 0.0001), and higher cup-to-disc ratio (o
= 0.006) at diagnosis. I0OP was less controlled in cases, and those with IOP =21 mmHg at more
than 20% of follow-up visits were 73 times more likely to become blind (p < 0.0001). Cases
missed a greater number of appointments per year (o= 0.003) and had non-adherence issues noted
in their charts more often than controls (p = 0.03). However, other compliance data did not
significantly differ between groups.

Conclusion—Access to care, initial VA worse than 20/40, and poor control of IOP were the
major risk factors associated with blindness from POAG. Future studies should examine earlier,
more effective approaches to glaucoma screening as well as the role of genetics in these
significantly younger patients who progress to blindness.
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Introduction

Primary open-angle glaucoma (POAG) is the leading cause of irreversible blindness
worldwide, affecting nearly 70 million people.} African-Americans are disproportionately
affected by POAG, with disease rates 5-6 times higher than those in Caucasians.? African-
Americans also reach adverse endpoints more frequently, including worse visual fields and
optic disc cupping,3~7 blindness,8-10 vision-related decrease in quality of life,11-16 and
increased mortality.1718

The cumulative rate of glaucoma-related blindness has been reported to be between 19% and
27% in one eye, and 9% in both eyes.19-20 Elevated intraocular pressure (IOP), less formal
education, and more treatment interventions increase the risk of POAG progression,20:21
with greater inter-visit IOP fluctuations and older age at diagnosis being the most consistent
predictors of blindness.22 However, there is little consensus on which risk factors account
for the increased risk of blindness in African-Americans.220

Several clinical trials reported minimal difference in outcome when whites and blacks were
provided with equal access to care, suggesting that socio-cultural factors influence POAG
progression in African-Americans.2? Another report concurred that African-Americans have
less access to examinations and eye care, are less aware of the risks of POAG, and have
lower rates of adherence to care recommendations than Caucasians.2%:23 However, other
studies argue in favor of a biological predisposition to POAG progression. Tielsch and
colleagues showed that even when whites and blacks both saw an eye care professional and
received treatment, blacks still had increased prevalence of glaucomatous optic nerve
damage.? Overall, the data available for evaluating risk factors for POAG progression remain
sparse and inconsistent, especially when concerning the underserved and over-affected
African-American population.

This study investigates the risk factors associated with progression to blindness as a result of
POAG in the African-American population. We aim to uncover the root causes of this
outcome and identify modifiable factors for prevention.

Materials and methods

Study population

This study was a case-control study of a subset of patients enrolled in the Primary Open-
Angle African-American Glaucoma Genetics (POAAGG) study at the University of
Pennsylvania Health System (UPHS) in Philadelphia, Pennsylvania, and surrounding
communities. At the time of this study, the database included 2119 well-characterized
patients with comprehensive ophthalmologic histories from UPHS. Additional details about
the study design, diagnosis of POAG, and baseline demographics of our population were
reported previously.24

Patients eligible for inclusion in the study were over 35 years old, self-identified as African-
American, and were diagnosed and treated for POAG exclusively within UPHS. Exclusion
criteria included a history of narrow angle glaucoma, closed angle glaucoma, neovascular
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glaucoma, mixed mechanism glaucoma or plateau iris syndrome, or pseudoexfoliation
glaucoma; history of glaucoma secondary to eye surgery or secondary to severe ocular
trauma; history of iritis, uveitis, or iridocyclitis; presence of Graves disease with ocular
manifestations, optic nerve atrophy from other causes, or advanced proliferative diabetic
retinopathy resulting in visual field changes. Each patient and their medical record were
reviewed by fellowship-trained glaucoma specialists, and only patients whose blindness was
caused primarily by POAG were included in this investigation. The study adhered to the
tenets of the Declaration of Helsinki and was approved by the University of Pennsylvania
Institutional Review Board. Informed consent was obtained from all participants.

Definition of blindness from glaucoma

Blindness was defined as visual acuity (VA) 20/200 or worse as measured by a Snellen
chart.25 Glaucoma specialists screened all patients with VA 20/200 or worse and excluded
those who did not meet this criterion.

Classification of glaucoma

Glaucoma was defined as characteristic glaucomatous optic nerve damage diagnosed by
fellowship-trained glaucoma specialists and corresponding visual field loss consistent with
glaucoma with or without elevated I0P (=21 mmHg).26

Case-control analysis

Cases were identified as eyes that were blind as a result of POAG. Best-corrected VA
(BCVA) measurements were obtained from all eyes in the POAAGG study database (V=
2119) from their most recent visit. Records of all those with VA 20/200 or worse were
reviewed to identify those who qualified for the study (59 eyes from 48 subjects). The
majority of potential cases were excluded, due to prior treatment for POAG outside UPHS,
thereby eliminating unknown variations in care. Overall, 37 patients were unilaterally blind
from POAG and 11 patients were bilaterally blind from POAG.

Controls were identified as eyes with POAG which maintained VA better than 20/200 at the
time of their most recent visit. Each case was age- and sex-matched to a control randomly
selected from the database.

Demographics
Patients who self-identified as widowed, divorced, separated, or other were classified as

single. The 2007-2011 American Community Survey 5-year estimates were used to identify
mean household income in each patient’s postal code.2’

Clinical information

Clinical variables were recorded at diagnosis, throughout treatment, and at study endpoint
(Tables 1 and 2). The study endpoint was defined as the date the patient went blind (cases)
or the date of the most recent visit (controls). Eyes blind at diagnosis were excluded from
analysis at study endpoint (Tables 2 and 3), analysis throughout treatment (Table 4), and risk
factors analysis for progression to blindness (Table 5) because they could not contribute
meaningful data.
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Visual acuity

BCVA measurements at distance were recorded at diagnosis and end point. All data was
converted to Snellen equivalent, including count fingers and hand motion. Five categories of
VA loss were defined based on BCVA; normal (BCVA 20/40 or better), mild (BCVA >20/40
but <20/70), moderate (BCVA >20/70 but <20/100), severe (BCVA >20/100 but <20/200),
and blind (BCVA 20/200 or worse).

Visual fields

Humphrey, Goldmann, or Octopus visual fields were recorded for patients at diagnosis and
the study endpoint. All visual fields and disc photographs were reviewed by two glaucoma
specialists at the University of Pennsylvania. Patients whose visual fields failed to meet
minimum performance metrics were excluded from the study. A total of 89 of the 118 eyes
had a graded visual field within 1 year of diagnosis, and 68 of 118 eyes had a graded visual
field within 1 year of the end date. If a graded visual field did not exist within 1 year of the
start or end date, the closest possible date was used.

Intraocular pressure

IOP measurements were recorded at every visit over the study period. Subjects who
presented blind at diagnosis only contributed data to the pre-treatment I0OP variable. Subjects
with <2 follow-up visits before the study endpoint only contributed data to the pretreatment
IOP, IOP at final visit, and mean decrease in IOP from pre-treatment variables.

Non-adherence

We measured non-adherence to treatment through four variables; percent of appointments
with non-adherence issues noted in patient charts, mean number of visits per year, mean
number of missed appointments per year, and percent of appointments missed per year. Non-
adherence issues in patient charts were defined as lack of medication compliance or refusal
of recommendations. Missed appointments were defined as appointments where the patient
cancelled or did not appear for a scheduled visit.

Statistical analysis

Statistical analysis was conducted per-subject for subject-specific measurements and per-eye
for eye-specific measurements. For the subject-specific measurements, the comparison of
characteristics between cases and matched controls was performed using the paired t-test for
comparing means, Wilcoxon signed rank test for comparing medians, and McNemar’s test
for comparing proportions. For eye-specific measurements, generalized estimating equations
were used to account for correlations from matching and from paired eyes of a patient.28 To
identify risk factors for blindness, univariate logistic regression models were first performed,
followed by a multivariate logistic regression model that included risk factors with p< 0.10
from the univariate analysis. The multivariate logistic model went through backward model
selection to reach the final model that only included risk factors at p < 0.05. In these logistic
regression analyses, correlations from matching and from paired eyes of a subject were
accounted for using generalized estimating equations.?8 All statistical analyses were
performed using SAS version 9.2 (SAS Institute Inc, Cary, NC, USA).
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Results

Demographics and clinical information

Age at study endpoint, family history of POAG in a first degree relative, annual household
income, marital status, and prevalence of comorbidities did not significantly differ between
cases and controls (Table 1).

Characteristics of primary open-angle glaucoma at diagnosis and study endpoint

Overall, 16 case eyes (27.1%) presented blind at diagnosis and an additional three eyes
(5.1%) progressed to blindness within 1 month (Table 2). Cases were diagnosed with POAG
at an earlier age than controls (62.2 + 13.3 years vs 66.7 £ 10.5 years, p = 0.005).

The median BCVA of cases was worse than that of controls at diagnosis (20/80 vs 20/20, p <
0.0001). Cases also had higher mean pre-treatment IOP (29.4 £ 9.0 mmHg vs 20.7 £ 5.5
mmHg, p < 0.0001), higher cup to disc ratio (0.81 + 0.23 vs 0.68 + 0.15, p = 0.006), and
were prescribed more ocular medications than controls at diagnosis (1.19 + 0.39 vs 0.98
+0.13, p=0.0003).

At the study endpoint, cases had worse median BCVA (20/400 vs 20/25, p < 0.0001; Table
2) and higher IOP (19.4 £ 8.1 mmHg vs 14.0 = 3.7 mmHg, p= 0.0001; Figure 1) than
controls. Cases underwent more treatment changes on average during the study period than
controls (10.8 £ 10.2 vs 3.8 £ 4.7, p=0.0004).

Visual fields at diagnosis and study endpoint

Cases had a higher mean pattern standard deviation (PSD; 6.41 + 3.23 dB vs 4.00 + 2.90 dB,
p=0.003) and more severe mean deviation (-14.00 £ 13.10 dB vs -5.10 £ 7.71 dB, p=
0.006) than controls at diagnosis. Visual field defects as a whole were more common in
cases than controls (59.3% vs 52.5%, p=0.01; Table 3).

Cases had higher mean PSD (7.69 + 3.50 dB vs 4.77 + 3.18 dB, p= 0.0005) and more severe
mean deviation (-19.90 + 8.76 dB vs —6.89 £ 7.02 dB, p < 0.0001) at the study endpoint.
Cases were also more likely to have an arcuate defect (74.4% vs 50.9%, p= 0.001) and
paracentral scotoma (23.3% vs 8.5%, p = 0.04), as well as more visual field defects as a
whole (86.1% vs 69.5%, p= 0.002), at study endpoint.

Cases had a faster PSD progression rate (dB/year) and mean deviation progression rate (dB/
year) than controls (0.11 + 0.06 vs 0.01 £ 0.04, p=0.04; -0.25 £ 0.19 vs 0.05 £ 0.13, p<
0.0001; Table 4).

Adherence to treatment and intraocular pressure measurements throughout treatment

Cases missed a greater absolute number of appointments per year than controls (2.32 £ 2.02
vs 1.18 + 0.75, p=0.003; Table 4), but there was no statistical difference for the percentage
of missed appointments per year between the groups. Ophthalmologists also noted non-
adherence to treatment in the charts of cases more often than in those of controls (19.3
+19.3% vs 10.7 £ 13.2%, p = 0.03).
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Cases had a higher mean IOP (18.9 £ 4.9 mmHg vs 15.5 = 3.1 mmHg, p = 0.0001, Figure
1), higher maximum IOP (32.9 + 10.7 mmHg vs 22.6 £ 7.0 mmHg, £<0.0001), and higher
percentage of visits with an elevated IOP (=21 mmHg; 33.9 + 28.3% vs 10.9 + 17.7%, p<
0.0001) than controls throughout treatment.

Multivariate analysis to assess risk factors for blindness

In the multivariate analysis of risk factors for blindness, we considered diabetes, age at
diagnosis, BCVA at diagnosis, IOP before or during treatment, number of medications,
number of glaucoma laser treatments, number of treatment changes, number of missed
appointments per year, and adherence to treatment. By using the backward selection method,
we found that worse BCVA at diagnosis (p = 0.002), number of missed appointments per
year (p=0.001), and percentage of visits with an elevated IOP (p = 0.0002) were
significantly associated with blindness in the final model (Table 5). Patients with VA worse
than 20/40 at diagnosis were 27.1 times more likely to become blind when compared to
patients with VA 20/20 or better (odds ratio, OR, 27.10, 95% confidence interval, Cl, 4.21-
174.00). Those who missed more than two appointments per year also had increased risk of
blindness (OR 12.40, 95% ClI 2.32-66.30) compared to patients who missed 0-1
appointments per year. Patients with an elevated 10P (=21 mmHg) at more than 20% of
follow-up visits were 72.6 times more likely to become blind than those without elevated
IOP (OR 72.60, 95% CI 15.30-344.00).

Discussion

Our study found that cases were diagnosed with POAG earlier (on average 4.5 years) than
controls. Interestingly, while positive family history is a known risk factor for POAG,%2° our
study did not find a definitive association between family history and progression to
blindness. It is possible that patients with a known positive family history of POAG are more
likely to actively seek preventative care, allowing for disease detection and treatment before
significant vision loss.

In our study, cases and controls were similar in demographic characteristics, annual
household income, and comorbidities. Some studies have demonstrated that diabetes is
potentially protective against progression to blindness,28 but our study does not support this
finding.

Effects of POAG on VA are often a late manifestation of the disease.19 In this study, patients
with BCVA worse than 20/40 were 27 times more likely to progress to blindness than those
with BCVA 20/20 or better. This finding highlights the importance of aggressive compliance
counseling in patients presenting with reduced vision.

Cases also had worse overall visual field presentation at diagnosis than controls,
demonstrated by their higher frequency of arcuate defects, higher PSD, and more severe
mean deviation. Arcuate defects, especially superior arcuate defects, are typically found in
the early stages of POAG.39:31 Their appearance is especially important to note, as patients
with arcuate defects have a low chance of disease stability.32 In addition to having more
visual field defects at diagnosis, cases also had a faster mean deviation and PSD progression
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rate. These findings are supported by Peters and colleagues-33 and Grant and Burke,® who
also reported that visual field status at baseline is a very important risk factor for progression
to blindness. These at-risk patients should be more closely monitored with regard to disease
progression and compliance.

Studies have repeatedly shown that elevated IOP and greater inter-visit IOP fluctuations are
correlated with POAG progression.2922 This study is consistent with the literature, finding
that cases had significantly higher I0P than controls before, during, and after treatment. IOP
also fluctuated more in cases, which may be due to poor management of 10P or difficult
control of IOP. Multivariate analysis revealed that the percentage of visits with elevated IOP
strongly predicted progression to blindness, which is supported by other studies!? and
reinforces the well-accepted need for greater IOP control in these most at-risk patients.

Initial medical management was slightly more aggressive in cases versus controls, with
cases receiving a significantly higher number of medications at diagnosis. During follow-up,
cases underwent a significantly larger number of treatment changes, which may be due to
ineffective treatment, progression of disease despite treatment, difficulty following
medication regimen, and/or poor adherence to treatment.

When conducting this study, two sub-groups of cases emerged; those who were blind
(27.1%) or became blind within 1 month of diagnosis (5.1%), and those progressing to
blindness over time despite treatment. Although it is difficult to elucidate exactly why this
first subgroup of patients did not seek medical care before becoming blind, we speculate that
this likely represents difficulties with access to care or the nature of POAG itself, with no
pain and generally no loss of central vision until the end stages. Lack of awareness of
disease risk, under-use of primary eye-care services, and low referral levels could also
contribute to unnecessary disease progression.3* Notably, financial hardship is unlikely to
account for this difference in access to care, demonstrated by the similarity in mean
household income between cases and controls. Further qualitative investigation of this
patient subgroup could help identify optimal strategies for reaching at-risk patients while
their disease is in the early stages.

Previous studies have shown that physician chart notes referencing poor adherence to
medication are correlated with pharmacy records!3 and that there is a statistically significant
relationship between physician assessment of adherence and actual usage.3> Our study found
that problems with adherence were noted more frequently in the charts of cases, which
suggests that cases may have difficulty with day-to-day medication adherence. However,
when patients show disease progression, physicians may be more likely to closely examine
non-compliance and comment on this issue in charts. In addition, cases had a significantly
higher total number of missed appointments per year than controls. However, there was no
significant difference between the total number of completed appointments or the percentage
of missed appointments between cases and controls, putting into question the validity of this
metric as a predictor for risk of blindness. Although cases may have more adherence issues
with day-to-day medications, appointment attendance does not appear to be a significant
factor influencing progression to blindness.
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Limitations of this study include its retrospective nature, which precluded the standardized
documentation of variables throughout the study. The 16 eyes that presented blind at
diagnosis were not included in the analysis of study characteristics at endpoint because they
could not contribute meaningful data. White-coat syndrome, where the upcoming clinic visit
serves as a reminder that enhances compliance for the pre-visit interval, may also affect
adherence reporting.36 The study is limited by a lack of information on the duration of
glaucoma. Although we recorded length of follow-up, it is not a substitute for disease
duration. Some cases may have had glaucoma for years before being diagnosed
(demonstrated by the 16 eyes blind at diagnosis), which may translate to a significantly
longer disease duration in cases.

This study examined a cross-sectional sample of African-American patients in the
Philadelphia area. The geographic isolation of our population, along with referral bias
(severe cases are often referred to academic and tertiary care centers), may limit the
generalizability of our study to the national African-American population. However, it
should be noted that patients who received prior treatment elsewhere were excluded from
this study.

In the future, we could also consider a possible genetic component of POAG. We know from
prior studies that African-Americans are predisposed to POAG, but this study possibly
suggests that there may be subgroups of African-Americans who are more predisposed to
disease progression than other subgroups. Cases’ younger age at diagnosis, worse initial
disease, and faster progression suggest the possibility of an undefined predisposition towards
more severe disease. These cases may demonstrate phenotypes of different genetic variants
underlying their disease. Future studies will compare the genetics of patients progressing to
blindness with those maintaining their vision.

The strongest risk factors for POAG progression in African-Americans were advanced
disease at presentation, missed appointments for glaucoma care, and poor control of 10P.
Thus, in order to prevent progression to blindness from POAG, it is important to improve
public education, expand access to glaucoma care, closely monitor those with advanced
disease at diagnosis, and maintain strict control of IOP throughout treatment.
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Figure 1.
Intraocular pressure (mmHg) at study endpoint, Primary Open-Angle African-American

Glaucoma Genetics study, United States.
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Table 1

Page 12

Demographic and clinical characteristics of glaucoma cases in the Primary Open-Angle African-American

Glaucoma Genetics study, United States.

Characteristic Blind Non-blind p-value?
Subjects (eyes), n 48 (59)17 59 (59)
Subject-level characteristics
Age at end of study, mean + SD, years 748+12.1 753+118 0.32
Sex, n (%) 1.00
Male 26 (54.2) 33 (55.9)
Female 22 (45.8) 26 (44.1)
Family history of glaucoma in 1st degree relative, /7 (%) 15 (31.3) 26 (44.1) 0.38
Annual household income, mean + SD, US$ 33,000 + 11,000 34,000 % 14,000 0.99
Marital status, 77 (%)
Single 30 (62.5) 29 (49.2) 0.24
Married 18 (37.5) 30 (50.9)
Comorbidities during the study, /7 (%)
Cardiovascular disease 8 (16.7) 15 (25.4) 0.20
Hypertension 37 (77.1) 49 (83.1) 0.17
Diabetes 14 (29.2) 26 (44.1) 0.18
Thyroid disease (hypo/hyper) 1(2.1) 4 (6.8) 0.18
Sleep apnea 4(8.3) 5(8.5) 0.71
Eye-level characteristics
Central corneal thickness during study, pm mean + SD 519.0 £37.3 523.0 £ 36.4 0.46
Myopia, 71 (%) 24 (40.7) 27 (45.8) 0.47
Cataract, 77(%) 30 (50.9) 35(59.3) 0.40
Classification of glaucoma, 77 (%)
Classic glaucoma 49 (83.1) 49 (83.1) 1.00
Treated ocular hypertension 10 (16.9) 10 (16.9)

a . . . . - . . . .
Paired t-test for comparing means, McNemar’s test for comparing proportions, Wilcoxon signed rank test comparing medians for subject-level
characteristics, and generalized estimating equations for eye-specific characteristics.

bEIeven blind subjects contributed data from both eyes to the study. SD, standard deviation.
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Table 4

Page 18

Adherence, 10P, and visual field progression throughout treatment, Primary Open-Angle African-American

Glaucoma Genetics study, United States.

Characteristic Blind Non-blind®  p-value®
Subjects (eyes), n 34 (40)2 58 (58)4
Length of follow-up, mean + SD years 951+8.24 8.24+5097 0.43
Visits/year, mean + SD, n 5,58+3.20 3.97+3.76 0.11
Missed visits/year, mean + SD, 7 232+2.02 1.18+0.75 0.003
Visits missed, mean + SD, n 29.0+149 249+143 0.53
Non-adherence to treatment noted in chart, mean + SD, % 19.3+19.3 10.7+13.2 0.03
I0P maximum, mean + SD, mmHg 329+10.7 226+7.0 <0.0001
10P minimum, mean + SD, mmHg 10.2+5.2 10.8+2.8 0.61
Average 10P throughout treatment, mean + SD, mmHg 18.9+4.9 155+3.1 0.0001
Visits with elevated I0P (=21 mmHg), mean + SD, % 33.9+283 109+17.7 <0.0001
10P standard deviation, mean + SD, mmHg 5.03+2.60 277+137 <0.0001
10P relative standard deviation, mean + SD, % 276+17.2 174+6.4 0.001
Mean decrease in IOP from pre- treatment, mean + SD, mmHg 8.99+7.88 5.25+3.98 0.002
Eyes, n 59 59
Number of visits with reliable visual field, 77 (%)

1 11 (18.6) 5(85)  <0.0001

2 3(5.1) 6 (10.2)

3 25(42.4)  13(22.0)

4 7(11.9)  35(59.3)
PSD progression rate, mean (SE), dB/year 0.11(0.06) 0.01(0.04) 0.004
Mean deviation progression rate, mean (SE), dB/year -0.25(0.19) 0.05(0.13)  <0.0001

aThose who presented blind (16 blind eyes) and those who had <2 followup visits (3 blind eyes, 1 non-blind eye) were not included in this analysis
as they were not able to contribute any meaningful data to these variables. Exceptions were length of follow-up and mean decrease in IOP from pre-
treatment; for these two variables, data from those presenting blind were still excluded (16 blind eyes), but data from those with <2 follow-up visits

were included.

Paired t-test for comparing means, McNemar’s test for comparing proportions for subject-level characteristics, and generalized estimating

equations for eye-specific characteristics.

SD, standard deviation; SE, standard error; I0OP, intraocular pressure; PSD, pattern standard deviation.
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Table 5

Page 19

Multivariate analysis using backward selection? to assess risk factors for blindness (96 subjects, 102 eyes),

Primary Open-Angle African-American Glaucoma Genetics study, United States.

N n(®%) Oddsratio (95% CI)  p-value?
Best-corrected visual acuity at diagnosis (Snellen) 0.002
20/20 or better 55 13(23.6) 1 (reference) -
20/25 to 20/40 25 11 (44.0) 1.82 (0.44-7.53) 0.41
Worse than 20/40 22 19(86.4) 27.10 (4.21-174.00) 0.0005
Missed visits/year, 7 0.001
0-1 31 7 (22.6) 1 (reference) -
>1-2 36 10(27.8)  1.23(0.26-5.88) 0.79
>2 26 18(69.2) 12.40 (2.32-66.30) 0.003
Unknown€ 9 8(889) 64.30(12.40-335.00) <0.0001
Visits with elevated 0P (=21 mmHg), % 0.0002
0 32 4(125) 1 (reference) -
>0-20 36 17(47.2) 25.30 (5.46-117.00)  <0.0001
>20 34 22(64.7) 72.60 (15.30-344.00)  <0.0001

a .. . . . . . . . . -
Initial model included diabetes, age at diagnosis, best-corrected visual acuity category at diagnosis, pre-treatment IOP, initial number of

medications started, number of medications at study endpoint, number of glaucoma lasers during study period, number of treatment changes,
number of missed appointments/year, percent of times non-adherence noted in chart, percent of visits with elevated IOP, average IOP throughout

treatment, and IOP standard deviation.

From generalized linear model using generalized estimating equation to account for correlations from matching and paired eyes of a subject.

C . . . .
Unknown category represents patients whose follow-up predated records for missed appointments (prior to 2000) and from cases who presented

blind.

ClI, confidence interval; IOP, intraocular pressure.
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