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ABSTRACT

Background/aims To investigate the rates of structural
and functional progression of primary open-angle
glaucoma in an African ancestry cohort and identify risk
factors for progression.

Methods This retrospective study included 1424 eyes
from glaucoma cases in the Primary Open-Angle African
American Glaucoma Genetics cohort, with >2 visits for
retinal nerve fibre layer (RNFL) thickness and mean
deviation (MD) measurements over >6-month follow-

up. The rates of structural progression (change in RNFL
thickness/year) and functional progression (change in MD/
year) were calculated from linear mixed effects models,
accounting for intereye correlation and longitudinal
correlation. Eyes were categorised as slow, moderate or
fast progressors. Risk factors for progression rates were
assessed using univariable and multivariable regression
models.

Results The median (interquartile) rates of progression
were —1.60 (—2.05 to —1.15) pm/year for RNFL thickness
and —0.40 (-0.44 to —-0.34) decibels/year for MD. Eyes
were categorised as slow (structural: 19%, functional:
88%), moderate (structural: 54%, functional: 11%) and
fast (structural: 27%, functional: 1%) progressors. In
multivariable analysis, faster RNFL progression was
independently associated with thicker baseline RNFL
(p<0.0001), lower baseline MD (p=0.003) and beta
peripapillary atrophy (p=0.03). Faster MD progression
was independently associated with higher baseline MD
(p<0.0001), larger cup-to-disc ratios (p=0.02) and lower
body mass index (p=0.0004).

Conclusion The median rates of structural and
functional progression in this African ancestry cohort were
faster than the rates reported from previously published
studies in other ethnic groups. Higher baseline RNFL
thickness and MD values were associated with faster
progression rates. Results highlight the importance of
monitoring structural and functional glaucoma progression
to provide timely treatment in early disease.

INTRODUCTION

Glaucoma is a group of optic neuropathies
characterised by progressive optic nerve
degeneration and corresponding visual field
loss." Primary open-angle glaucoma (POAG),

WHAT IS ALREADY KNOWN ON THIS TOPIC

= The course of primary open-angle glaucoma (POAG)
progression varies greatly among patients, with
some progressing very slowly with conservative
treatment, while others deteriorate rapidly despite
more aggressive interventions. Prior studies on risk
factors for POAG progression have primarily been
conducted in white populations.

WHAT THIS STUDY ADDS

= This study investigated the rates of structural and
functional progression in a large African ancestry
population and identified demographic, systemic
and ocular risk factors for progression rates.

HOW THIS STUDY MIGHT AFFECT, RESEARCH,
PRACTICE OR POLICY

= Median rates of decline from POAG were faster in
our African ancestry cohort than rates reported from
other ethnic groups. Better understanding of the
course of POAG progression and its risk factors in
African ancestry individuals can inform decisions on
treatment choice and escalation.

the most common form of the disease, affects
approximately 53 million individuals world-
wide, with an estimated 6 million progressing
to bilateral blindness.” The course of the
disease can vary widely among patients, with
some individuals experiencing rapid visual
field loss despite more aggressive intervention
and others progressing slowly with conserva-
tive treatment.” Careful monitoring of POAG
progression over time allows ophthalmolo-
gists to identify at-risk patients, provide timely
intervention and modify treatment when
needed.”

African ancestry individuals are especially
at risk for rapid progression of POAG and
subsequent vision loss. These individuals
are 5—6 times more likely to be diagnosed
with POAG and up to 15 times more likely
to experience vision loss or blindness from
the disease, compared with European
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Americans.”” African ancestry individuals are also
diagnosed with POAG at a younger age,”’ present with
more severe disease,'’!' and experience faster disease
progression than European Americans.'” POAG is highly
familial; irreversible vision loss early in adulthood can
affect multiple family members and contribute to subse-
quent adverse economic and health outcomes."”

To evaluate POAG progression, ophthalmologists
assess both structural and functional changes in the
eye. Optical coherence tomography (OCT), the most
common method of assessing structural progression,
provides quantitative and reproducible measures of
neural loss from different anatomic regions of the eye,
including retinal nerve fibre layer (RNFL) thickness."*
RNFL thinning is an established risk factor for POAG
and is predictive of subsequent visual field loss."” ' The
gold standard for assessing functional loss in POAG is
visual field testing using standard automated perimetry.'’
Global indices such as mean deviation (MD) provide
the rate of progression of field loss in decibels (dB) per
year, though they may not be sensitive to all localised
changes.

Several clinical trials and studies have investigated
risk factors for progression of POAG over time, with
slightly varying results. The Early Manifest Glaucoma
Trial (EMGT) identified older age, higher baseline
intraocular pressure (IOP), thinner central corneal
thickness (CCT) and more severe MD as prognostic
factors for progression.'” In contrast, the Advanced
Glaucoma Intervention Study (AGIS) reported that
better visual fields were associated with increased risk of
progression.”’ Other established risk factors include self-
reported diabetes (AGIS, Collaborative Initial Glaucoma
Treatment Studyw), low blood pressure (EMGT") and
migraine and optic disc haemorrhages (Collaborative
Normal Tension Glaucoma Study”'). These risk factors
were identified in populations of primarily white indi-
viduals, and thus require explicit investigation in African
ancestry individuals.

In this study, we investigated the rates of structural and
functional progression in an African ancestry cohort and
identified risk factors for progression. Eligible glaucoma
cases from the Primary Open-Angle African American
Glaucoma Genetics (POAAGG) study were included in
analyses. The rates of structural progression (change
in RNFL thickness/year) and functional progression
(change in MD/year) were calculated and used to cate-
gorise each eye as a slow, moderate or fast progressor. We
then evaluated the demographic, systemic and ocular
risk factors for progression rates in this cohort.

METHODS

Study population

The POAAGG study cohort consists of patients who self-
identified as black (African Americans, African descent
or African Caribbean) and were 35 years or older from
Philadelphia, Pennsylvania, USA. Eligible patients were
recruited between July 2010 and March 2019 from

regularly scheduled appointments with ophthalmolo-
gists at the University of Pennsylvania, Philadelphia VA
Medical Center and two external sites (Temple Univer-
sity; private practice of Windell Murphy, MD), as well as
through community outreach events.

Each patient received a clinical examination, including
an onsite interview and ophthalmic exam. A glaucoma
specialist or ophthalmologist classified each patient as a
case, control or suspect based on detailed criteria.”* All
patients signed an informed consent form and provided
a genomic DNA sample. The study design, inclusion
and exclusion criteria, and phenotyping methods were
described in detail elsewhere.” The study protocol and
consent statement were approved by the University of
Pennsylvania institutional review board (IRB), and the
research adhered to the tenets of the Declaration of
Helsinki.

Risk factors for progression

A number of risk factors for progression were assessed in

this study, as detailed below:

1. Demographic, behavioural and systemic data:
Demographic, behavioural and systemic disease infor-
mation was collected from each patient during the on-
site enrolment interview. Demographic information
included age at enrolment, gender and self-identified
racial group. Behavioural information, such as tobacco
and alcohol use, was collected using a questionnaire.
History of systemic disease (diabetes, hypertension),
body mass index (BMI) and family history of glauco-
ma were also collected at the enrolment interview and
supplemented through electronic medical records, as
detailed in a prior publication.”

2. Ocular data: During the onsite exam, glaucoma-

related phenotypes were collected from cases and en-
tered into the Research Electronic Data Capture da-
tabase. These phenotypes included visual acuity, cup-
to-disc ratio (CDR), IOP, CCT, MD, pattern standard
deviation and RNFL thickness.
Qualitative features of the optic cup and disc were
also evaluated in this study. At enrolment and subse-
quent visits, 30° colour stereo disc photos were taken
using the Topcon TRC 50EX retinal camera (Topcon
Corp. of America, Paramus, New Jersey, USA). Three
non-physician graders were trained by glaucoma spe-
cialists to grade these digital stereo colour images us-
ing a stereo viewer (Screen-Vu stereoscope, Portland,
Oregon, USA), as detailed elsewhere.”* Two graders
independently completed a standardised grading of
each photo for numerous features of the optic cup
and disc.” The Reading Center Director adjudicated
any discrepancies between the two graders.

3. Genetic data: In a preliminary genome-wide asso-
ciation study (GWAS) on cases and controls in the
POAAGG cohort, several single nucleotide polymor-
phisms (SNPs) were associated with POAG and relat-
ed quantitative traits. Based on these findings, two of
these variants were selected to assess their association
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with POAG progression in this study: genotypes for
the SNP rs112369934 (TT wildtype and TC variant),
implicated with case—control status near the TRIM66
gene on chr11?° and the SNP rs187699205 (GG wild-
type and GC variant) in the intron of the LMXI1B gene,
associated with MD.”’

Statistical analyses

This studyincluded eyes from glaucoma cases with >2 visits
with RNFL measurements and >2 visits for MD measure-
ments over >6-month follow-up. The rates of structural
progression (annual rate of change of global RNFL thick-
ness) and functional progression (annual rate of change
of MD from visual fields) for each eye were calculated
from linear mixed effects models with random intercepts
and random slopes, accounting for intereye correlation
from the same patient and longitudinal correlation for
the same eye over time. Best linear unbiased prediction
was used to estimate individual slopes of RNFL thickness
and MD for each eye. We reported the slope estimates
from the linear mixed effects models, rather than those
obtained from the ordinary least squares linear regres-
sion models, to be more precise, particularly when the
number of time points for estimating linear slope was
small.”* >

Based on the calculated progression rates of RNFL
thickness and MD, each eye was classified into a slow,
moderate or fast group for structural and functional
progression based on predetermined cut-offs.” For struc-
tural progression, RNFL rate of change was >-1 pm/year
for slow progressors, between -2 and -1 pm/year for
moderate progressors and <-2 pm/year for fast progres-
sors. For functional progression, the MD rate of change
was >-0.5 dB/year for slow progressors, between -0.5 and
-1 dB/year for moderate progressors and <-1 dB/year
for fast progressors.

We assessed the correlation between rates of structural
and functional progression by calculating the Spearman
correlation coefficient between rates of RNFL thickness
and MD. The 95% CI of the Spearman correlation coeffi-
cient was calculated using cluster bootstrap.”’

We performed univariable and multivariable risk factors
analysis for progression rates (as continuous measures)
of structural and functional progression using linear
regression models and using logistic regression models
for being fast progressor (yes/no). The risk factors asso-
ciated with p<0.10 in univariable analyses were included
in the initial multivariable regression model, which
went through backward stepwise variable selection using
p<0.10 as entry criteria and p<0.05 as the staying criteria,
so that the final multivariable regression models only
kept statistically significant risk factors. In all regression
models for risk factors analyses, the intereye correlation
was accounted for by specifying the compound symmetry
correlation structure in the generalised estimating equa-
tions.” The collinearity among continuous risk factors
was checked by their correlation coefficients and the
variance inflation factor from multivariable models.

Two-sided p<0.05 was considered to be statistically signif-
icant, and all statistical analyses were performed in SAS
V.9.4 or R Statistical Software (V.4.1.0, R Foundation for
Statistical Computing, Vienna, Austria).

RESULTS

A total of 1424 eyes from 757 glaucoma cases were
included in the study. The mean (SD) age at enrolment
was 69 (10.54) years, with mean (SD) follow-up of 3.1
(2.3) years for structural progression and 5.1 (5.0) years
for functional progression. The mean (SD) number of
visits per eye was and 2.9 (1.3) for structural progression
and 3.8 (3.1) for functional progression, with a total
number of visits of 4152 and 5346, respectively.

The mean (SD) baseline RNFL thickness for 1424 eyes
was 76.36 (17.8) pm. The median (interquartile) rate
of progression for RNFL thickness was -1.60 (-2.05 to
—-1.15) pm/year (figure 1). For structural progression,
eyes were classified into slow (19%), moderate (54%)
and fast (28%) progression groups (table 1). Online
supplemental tables 1-6 show the univariable analysis
of demographic, ocular and qualitative phenotype risk
factors for being a fast progressor (online supplemental
tables 1-3) and increasing RNFL progression rate (online
supplemental tables 4-6). In multivariable analysis,
faster RNFL progression was independently associated
with thicker baseline RNFL (p<0.0001), lower (worse)
baseline MD (p=0.003) and beta peripapillary atrophy
(p=0.03; table 2). Thicker baseline RNFL (OR=2.64 per
10 pm increase in baseline RNFL, p<0.001) was a risk
factor being a fast progressor in multivariable analysis,
while baring of the lamina cribrosa (LC) was protective
(OR=0.56, p=0.02) (table 3).

The mean (SD) baseline MD of 1424 eyes was —6.26
(7.62) dB. The median (interquartile) rate of progression
was —0.40 (-0.44,-0.34) dB/year (figure 2). The rate of
functional progression in MD was weakly correlated with
the rate of structural progression in RNFL (Spearman
correlation coefficient=0.08, 95% CI: 0.02 to 0.15). For
functional progression, most eyes were categorised as
slow progressors (88%), while moderate (11%) and fast
(1%) progressors were less common (table 1). Online
supplemental tables 7-9 show the univariable analysis
of demographic, ocular and qualitative phenotype risk
factors for being a moderate or fast progressor (online
supplemental tables 7-9) and increasing MD progression
rate (online supplemental tables 10-12). In multivariable
analysis for MD progression rate, faster MD progression
was independently associated with higher (better) base-
line MD (p<0.0001), higher CDR (p=0.02) and lower
BMI (p=0.0004) (table 2). Increased IOP (p=0.004) and
the TRIM66 TC variant (p=0.003, females only) were risk
factors for being a moderate or fast functional progressor
(table 3).

DISCUSSION
This study investigated the course of POAG progres-
sion in African ancestry individuals. We found that both
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Figure 1 Distribution of rate of change of retinal nerve fibre layer (RNFL) thickness. The median rate of RNFL decline was
—-1.60 (-2.05 to —1.15) ym/year, with baseline RNFL thickness of 76.36 um (N=1424 eyes). There was a fairly even distribution
between slow (19%), moderate (54%) and fast (28%) structural progressor groups.

structural and functional progression rates in these indi-
viduals were faster than rates reported in other ethnic
groups in previous studies. We also identified several
risk factors for faster disease progression in our cohort.
A deeper understanding of the more rapid progression
rates in African ancestry individuals and their risk factors

Table 1 Classification of glaucoma cases as slow,
moderate and fast progressors (N=1424 eyes from 757
patients)

Structural progressors*

Group RNFL rate of change (um/year) Eyes, n (%)

Slow >—1 269 (18.9%)
Moderate -2 to -1 766 (53.8%)
Fast <=2 389 (27.3%)

Functional progressorst

Group MD rate of change (dB/year) Eyes, n (%)
Slow >-0.5 1256 (88.2%)
Moderate -0.5to -1 150 (10.5%)
Fast <-1 18 (1.3%)

*Structural progression was defined by the annual rate of change
of global RNFL thickness, calculated from the linear mixed effects
model.

TFunctional progression was defined by the annual rate of change
of MD from visual fields, calculated from the linear mixed effects
model.

RNFL, retinal nerve fibre layer; MD, mean deviation

can help to better identify high risk patients and to inform
best decisions on treatment choice and escalation.

The median rates of structural and functional decline
in our African ancestry POAG cohort were faster than
rates reported in most non-African cohorts of POAG
patients. In all below comparisons, we used the median
rate of progression wherever available; if not reported,
we used the mean. Eyes in our study experienced RNFL
loss at a median rate of change of —1.60 pm/year, which
is almost three times as much as the normal age-related
rate of change (-0.52 pm /year).”’ * The Duke Glaucoma
Registry and the Diagnostic Innovations in Glaucoma
Study reported slower mean rates of decline (-0.76 pm/
year and —0.98 pm/year, respectively) in these cohorts,
which were primarily white."” ¥ Similarly, the median
rate of MD loss in the POAAGG cohort was -0.40 dB/
year. Studies in predominantly white cohorts, such as the
Duke Glaucoma Registry and Portsmouth Visual Field
Database, reported slower rates of MD loss (median of
~0.15 dB/year for both cohorts).” *” The African Descent
and Glaucoma Evaluation Study reported a mean rate of
-0.24 dB/year in black patients.”” Two studies reported
faster rates of functional loss in their cohorts (mean
of —0.45 dB/year; median of -0.62 dB/year), but both
studies included eyes with other forms of glaucoma,
making it difficult to draw direct comparisons to our
POAG cohort.” * These results suggest that African
ancestry populations experience more rapid structural
and functional progression of POAG than other ethnic
groups. Further research is needed to confirm these
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Table 2 Multivariable analyses for baseline risk factors of structural and functional progression rates

Baseline risk factors for RNFL progression rate Eyes, n RNFL rate of change in pm/year (95% CI)* P value
RNFL (per 10 um increase) 1004 -0.59 (-0.67 to 0.50) <0.0001
MD (per 1 dB increase) 1004 0.02 (0.01 to 0.03) 0.003
Beta peripapillary atrophy

No 128 -1.58 (-1.68 to 1.47) 0.03

Yes 254 -1.73 (-1.82 to 1.64)

Unknown 622 -1.63 (-1.72 to 1.54)
Baseline risk factors for MD progression rate Eyes, n MD rate of change in dB/year (95% CI)t P value
BMI (per 10 kg/m? increase) 588 0.021 (0.009 to 0.033) 0.0004
CDR (per 1 unit increase) 588 —0.046 (-0.085 to 0.007) 0.02
MD (per 1 dB increase) 588 —-0.060 (-0.0077 to 0.0044) <0.0001

*From the multivariable linear regression model that included baseline RNFL, MD and beta peripapillary atrophy as predictors, and RNFL
progression rate as the outcome variable. The analyses were restricted to 1004 eyes with baseline measurements for MD after the start of
the RNFL observation period.

TFrom the multivariable linear regression model that included baseline BMI, CDR and MD as predictors, and MD progression rate as the
outcome variable. The analyses were restricted to 588 eyes with baseline BMI, CDR and MD values.

RNFL, retinal nerve fibre layer; MD, mean deviation; BMI, body mass index; CDR, cup-to-disc ratio.;

conclusions as they were drawn from comparison with the slow, moderate and fast categories. In contrast, func-
other cohorts. tional progression rates were classified as slow for almost

There were a wide range of RNFL and MD progres-  90% of eyes. Additionally, while almost one-third of eyes
sion rates among eyes in our cohort. There was a fairly ~ were fast structural progressors, only 1% were fast func-
even distribution of structural progression rates among  tional progressors. The functional progression rate and

Table 3 Multivariable analyses of baseline risks factors for being a fast structural progressor and a moderate/fast functional
progressor

Baseline risk factors Eyes with fast structural progression, Adjusted OR
Structural progression Eyes, n n, (%) (95% CI)* P value
RNFL (per 10 pm increase) 1424 389 (27.3%) 2.64 (2.34 t0 2.98) <0.0001
Baring of the lamina cribrosa

No 128 50 (39.1%) Reference 0.02

Yes 354 82 (23.2%) 0.56 (0.34 to 0.92)

Unknown 942 257 (27.3%) 0.63 (0.40 to 1.00)
Baseline risk factors Eyes with moderate/fast functional = Adjusted OR
Functional progression Eyes, n progression, n, (%) (95% CI)t P values
IOP (per 1 mm Hg increase) 789 57 (7.2%) 1.05 (1.02 to 1.09) 0.004
Female

TRIM66

TC 50 9 (18.00%) Reference

TT 422 19 (4.50%) 0.21 (0.08 to 0.59) 0.003
Male

TRIM66

TC 32 3 (9.38%) Reference

TT 285 26 (9.12%) 1.00 (0.26 to 3.89) 1.00

*From the multivariable logistic regression model that included baseline RNFL thickness and baring of the lamina cribrosa as predictors, and
fast structural progression in RNFL (yes/no) as the outcome variable.

TFrom the multivariable logistic regression model that included baseline IOP and interaction term between TRIM66 and gender as predictors,
and moderate/fast functional progression in mean deviation as the outcome variable. The analyses were restricted to 789 eyes with data on
baseline IOP and TRIM66. The interaction between TRIM66 and gender was 0.01.

RNFL, retinal nerve fibre layer; IOP, intraocular pressure.
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Figure 2 Distribution for the rate of change of mean deviation (MD). The median rate of MD decline was —0.40 (-0.44
to -0.34) dB/year, with baseline MD of -6.26 dB (N=1424 eyes). The majority of eyes were classified as slow functional
progressors (88%), while moderate (11%) and fast (1%) progressors were less common.

structural progression rate were only weakly correlated
(correlation coefficient=0.08). These findings empha-
sise the importance of closely monitoring patients with
rapid RNFL decline, even if their visual fields do not
show concurrent significant loss. Studies have shown
that these individuals are at high risk for severe visual
field loss during follow-up.'” It is also important to note
that the clinical significance of these categorisations
largely depends on a patient’s age and life expectancy.
For example, a 50-year-old patient with ‘slow’ progres-
sion rates may be at higher risk for vision loss over their
lifetime compared with a 90-year-old patient with ‘fast’
progression rates.'”

Another important finding from this study was how
progression rates relate to baseline RNFL and MD values.
We found that thicker baseline RNFL was associated with
more rapid RNFL decline and increased risk of being
a fast structural progressor. This could be the result of
the non-linear nature of glaucoma progression, where
progression in eyes with early disease exhibits a steeper
slope before plateauing in advanced stages. RNFL thin-
ning is no longer observable through OCT imaging
after reaching this ‘floor effect’ in advanced disease,
but patients may still experience disease progression.”
Other studies have also reported associations between
thicker baseline RNFL and faster rates of RNFL loss,
both in healthy” and glaucomatous eyes."” On a similar
note, our study found that higher (better) MD at baseline

was associated with faster rates of MD loss. While some
studies have shown that worse baseline MD values were
risk factors for progression,'” '° '’ studies such as AGIS
also found that worse visual fields at baseline were protec-
tive against further visual field loss.”” These results may
also be due to the steeper slope of glaucoma progression
in early disease, when patients have better MD values,
before rates flatten in later disease stages.'” Additionally,
it is also possible that patients with better RNFL or MD
values at baseline received less aggressive interventions,
contributing to faster subsequent progression. Interest-
ingly, our study also found that higher (better) MD at
baseline was associated with slower rates of RNFL loss,
which is the opposite of what would be expected based
on the above results. However, it is possible that individ-
uals with less visual field damage at baseline require a
higher level of insult to the optic nerve to cause damage
and thus have slower structural progression rates.

We found that several well-known risk factors for
POAG were associated with faster progression, including
elevated IOP and larger CDR. These variables were
associated with increased risk of being a moderate/fast
functional progressor and with faster rates of MD loss,
respectively. Prior studies have shown that higher base-
line or peak IOP is a major risk factor for faster visual field
decay."” " Though IOP control is not always sufficient
to slow disease progression, with approximately 30% of
patients progressing despite treatment, it still remains an
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essential component of treatment.”’ Increased cupping
of the optic nerve is also an important clinical indicator
of worsening POAG, as it corresponds to death of retinal
ganglion cells (RGCs).*” However, higher baseline CDR
was not a major risk factor for POAG progression in
most studies in non-black populations. A previous study
in our African ancestry cohort found that legally blind
glaucoma cases were more likely to have a higher CDR
at diagnosis than non-blind glaucoma cases.” Other
studies have shown that CDR is larger in individuals of
African descent compared with Caucasians.** These find-
ings suggest that enlarged cupping at baseline may be a
risk factor for disease progression, especially in African
ancestry populations.

Interestingly, the only demographic, behavioural or
systemic variable associated with progression in this study
was BMI. We found that lower BMI was associated with
faster rates of MD loss in multivariable analysis. While
there have been some conflicting reports regarding the
relationship between glaucoma and BMI, the majority
of studies have reported either an inverse relationship
between these variables”” or no significant relation-
ship.” ¥ A study in normal-tension glaucoma patients
also found that a lower BMI was associated with faster
visual field loss.” Though the exact mechanisms of this
association are not definitively known, some researchers
refer to the linear relationship between BMI and cere-
brospinal fluid pressure as an explanation. Lower
cerebrospinal fluid pressure affects the trans-LC pressure
difference gradient, leading to increased deformation of
the LC, decreased neuroretinal rim area and increased
visual field defects.””’

Two qualitative variables were associated with structural
progression in this study: presence of beta parapapillary
atrophy (PPA) (risk factor) and LC baring (protec-
tive). Like other qualitative features, both features were
observed on stereo disc images by trained graders and
recorded on a standardised grading form. Beta PPA was
distinguished by marked atrophy of the retinal pigment
epithelium and the choriocapillaris, giving a white back-
ground with good visibility of choroidal vessels and/or
sclera. Our group found that beta PPA was a risk factor
for faster RNFL loss, which is consistent with prior
studies”’™”; some groups suggest that this feature can
be a potential diagnostic marker for POAG.” The LC is
the primary site of axonal injury in glaucomatous eyes.
Bundles of axons and retinal blood vessels pass from
the eye to the neural canal through LC pores, which are
specific openings between the laminar cribriform plates.”
In this study, baring of the LC (defined by graders as >3
visible LC pores) was protective against being classified as
a fast structural progressor. Several prior studies reported
that the number of LC pores does not differ between
glaucomatous and normal eyes.””®” However, most prior
studies focused more on the shape and size of LC pores,
rather than the quantity, finding that pores typically
become larger and more elongated during glaucoma.””’
More research is needed to understand the association

reported in our study. We plan to investigate the shape
of LC pores and examine longitudinal changes in future
studies.

Finally, we found that females with the TC genotype
in the TRIM66 gene were at higher risk of being a
moderate or fast functional progressor. In a prior GWAS
in our cohort, this gene was associated with case—control
status and led to expression in relevant cell lines under
conditions of oxidative stress. A subsequent genotype/
phenotype study found that this variant was associated
with thinner RNFL and larger CDR in males only.”” This
protein plays an important role in protection of RGCs
against oxidative stress.

This study has several limitations that could affect the
results. First, we included glaucoma cases with >2 visits
with RNFL measurements and 22 visits with MD measure-
ments over >6-month follow-up. We based these inclusion
criteria on the prior literature, with the goal of including
as many African ancestry patients as possible; however, we
acknowledge that slope estimates can be imprecise (espe-
cially for eyes with only two visits), and that this sample
may not be representative of the entire POAG cohort.
Additionally, patients excluded due to lack of follow-up
visits may represent those with worse adherence to treat-
ment and possibly faster progression. Second, we tracked
visual field loss by using MD, which is a global measure
that is not as sensitive to localised glaucomatous damage.
MD values can also be affected by factors beyond wors-
ening glaucoma, such as cataract.”® Third, the results in
this study were dependent on the cut-offs used to classify
progression rates as slow, moderate and fast. We based
these cut-offs on the range of the instruments and prior
reports in the literature,” but fully acknowledge that the
percentages in each group would shift depending on
the chosen cut-offs. Because there was a low number of
eyes in the fast functional progressor group, we needed
to combine moderate and fast functional progressors in
order to complete the subsequent risk factors analysis.
Fourth, some risk factors examined in this study had a
large amount of missing data and were not considered
in subsequent multivariable analyses, which may limit the
generalisability of study findings. Finally, another poten-
tial limitation to this paper is that, although the earliest
enrolled patients in this cohort have been followed for 12
years, and earliest age of enrolment was 35 years of age to
capture early disease, we cannot establish that all patients
were at the same stage of disease when we evaluated risk
factors for progression.

In conclusion, this study provides important informa-
tion about the course of POAG progression and its risk
factors in African ancestry individuals. We showed that
African ancestry individuals experience faster structural
and functional progression compared with other ethnic
groups. Fast progression was more frequent for structural
progression than for functional progression, empha-
sising the importance of monitoring RNFL OCT results
to identify atrisk patients and providing timely treat-
ment in early disease stages. We confirmed risk factors
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for progression, such as higher IOP, larger CDR and beta
peripapillary atrophy, while also identifying lesser-known
risk factors, such as the TRIM66 TC genotype and better
RNFL and MD values at baseline. Better understanding
of the course of glaucoma progression in African
ancestry individuals can inform decisions on treatment
choice and escalation. Combined with other important
factors, such as age, lifetime expectancy and baseline of
visual field loss, ophthalmologists can make an informed
prognosis of the likelihood of lifetime visual disability for
patients—and make every effort to slow progression and
delay this outcome.
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Table 1: Univariable analysis of demographic risk factors for being a fast structural progressor

levels # of | # of fast OR (95% Cl) P
eyes | progressors (%) value
Age (years) <=60 304 | 87 (28.62%) Ref | 0.304
(60,70] | 415 | 122 (29.40%) 1.05 (0.75,1.47)
>70 609 | 154 (25.29%) 0.84 (0.61,1.16)
Missing | 96 26 (27.08%) -
Age (per 10 year increase) 0.88 (0.78,0.99) 0.033
Sex Male 648 | 176 (27.16%) Ref | 0.934
Female | 772 | 211 (27.33%) 1.01 (0.79,1.29)
Missing | 4 2 (50.00%) -
BMI group <25 262 | 72 (27.48%) Ref | 0.949
25-30 466 | 132 (28.33%) 1.04 (0.74,1.47)
>=30 563 | 154 (27.35%) 0.99 (0.72,1.38)
Missing | 133 | 31 (23.31%) -
BMI (per 1 kg/m? 1.00 (0.98,1.02) 0.807
increase)
Diabetes No 735 | 212 (28.84%) Ref | 0.266
Yes 558 | 145 (25.99%) 0.86 (0.67,1.12)
Missing | 131 | 32 (24.43%) -
Hypertension No 228 | 67 (29.39%) Ref 0.509
Yes 1067 | 290 (27.18%) 0.90 (0.65,1.23)
Missing | 129 | 32 (24.81%) -
Family glaucoma history No 487 | 146 (29.98%) Ref 0.207
Yes 713 | 189 (26.51%) 0.84 (0.65,1.10)
Missing | 224 | 54 (24.11%) -
Alcohol use No 569 | 148 (26.01%) Ref 0.264
Yes 661 | 191 (28.90%) 1.16 (0.89,1.50)
Missing | 194 | 50 (25.77%) -
Tobacco use No 538 | 143 (26.58%) Ref 0.557
Yes 694 | 195 (28.10%) 1.08 (0.83,1.40)
Missing | 192 | 51 (26.56%) -
Previous glaucoma No 895 | 257 (28.72%) Ref 0.301
surgery Yes 383 | 99 (25.85%) 0.86 (0.65,1.15)
Missing | 146 | 33 (22.60%) -
LMX1B GC 27 | 8(29.63%) Ref 0.64
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GG 1127 | 297 (26.35%) 0.85
(0.45,1.61)
Missing | 270 | 84 (31.11%) -
TRIM66 TC 146 | 40 (27.40%) Ref 0.83
TT 1004 | 264 (26.29%) 0.95
(0.62,1.46)

Missing | 274 | 85 (31.02%) -
OR=0dds ratio; Cl=confidence interval; BMI=body mass index
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Table 2: Univariable analysis of ocular risk factors for being a fast structural progressor

# of eyes | # of fast OR (95% Cl) P value
progressors (%)

CCT (per 10 pm/increase) 1228 323 (26.30%) 1.02 (0.98,1.05) 0.318
CDR (per 0.1 increase) 863 217 (25.14%) 0.76 (0.70,0.83) <.001
IOP (per 1 mmHg increase) 1148 294 (25.61%) 1.00 (0.98,1.02) 0.940
MD (per 1 dB increase) 1004 243 (24.20%) 1.08 (1.05,1.11) <.001
PSD (per 1 dB increase) 1001 242 (24.18%) 0.84 (0.80,0.89) <.001
RNFL (per 10 pm/increase) 1424 389 (27.32%) 2.65 (2.35,3.00) <.001
VA (per 0.1 logMAR increase) 727 178 (24.48%) 0.96 (0.88,1.06) 0.426

OR=0dds ratio; Cl=confidence interval; CCT=central corneal thickness; CDR=cup-to-disc ratio;
IOP=intraocular pressure; MD=mean deviation; PSD=pattern standard deviation; RNFL=retinal
nerve fiber layer thickness; VA=visual acuity
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Table 3: Univariable analysis of qualitative phenotype risk factors for being a fast structural

progressor

# of # of fast OR (95% CI) P

eyes progressors (%) value

Disc shape Round 243 60 (24.69%) Reference | 0.402
Oval 237 72 (30.38%) 1.34 (0.88,2.04)
Missing 944 257 (27.22%) 1.13 (0.81,1.58)

Disc Size Recorded 482 132 (27.39%) Reference | 0.907
Missing 942 257 (27.28%) 0.98 (0.76,1.27)

Shape of cup Conical 156 47 (30.13%) Reference | 0.438
Cylindrical 256 69 (26.95%) 0.86 (0.54,1.35)
Bean Pot 62 12 (19.35%) 0.57 (0.28,1.15)
Missing 950 261 (27.47%) 0.87 (0.59,1.27)

Cup Depth Shallow 54 16 (29.63%) Reference | 0.702
Moderate 315 89 (28.25%) 0.93 (0.48,1.77)
deep 110 25 (22.73%) 0.71 (0.34,1.48)
Missing 945 259 (27.41%) 0.88 (0.47,1.67)

Rim plane position No 69 16 (23.19%) Reference | 0.657
constant through 360 'y 410 | 114 (27.80%) 1.33 (0.70,2.52)
Missing 945 259 (27.41%) 1.28 (0.70,2.35)

Beta PPA No 157 36 (22.93%) Reference | 0.239
Yes 325 96 (29.54%) 1.43 (0.93,2.20)
Missing 942 257 (27.28%) 1.26 (0.85,1.87)

Tilted disc No 441 121 (27.44%) Reference | 0.984
Yes 41 11 (26.83%) 0.95 (0.44,2.06)
Missing 942 257 (27.28%) 0.98 (0.75,1.28)

Disc hemorrhage No 475 130 (27.37%) Reference | 0.993
Yes 7 2 (28.57%) 1.03 (0.19,5.70)
Missing 942 257 (27.28%) 0.99 (0.76,1.28)

Arteriole narrowing No 473 131 (27.70%) Reference | 0.389
Yes 9 1(11.11%) 0.31(0.03,2.84)
Missing 942 257 (27.28%) 0.97 (0.75,1.26)

Venule narrowing No 475 129 (27.16%) Reference | 0.730
Yes 7 3 (42.86%) 1.99 (0.44,8.95)
Missing 942 257 (27.28%) 1.00 (0.77,1.29)
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Baring of the lamina No 128 50 (39.06%) Reference | 0.007
cribrosa Yes 354 | 82(23.16%) 0.48 (0.32,0.73)
Missing 942 257 (27.28%) 0.59 (0.40,0.86)
Baring of the No 340 90 (26.47%) Reference | 0.843
circumlinear vessels 'y ¢ 141 | 41 (29.08%) 1.14 (0.73,1.79)
Missing 943 258 (27.36%) 1.04 (0.77,1.39)
Vessels overpass No 471 129 (27.39%) Reference | 0.654
Yes 7 1(14.29%) 0.43 (0.05,3.97)
Missing 946 259 (27.38%) 0.99 (0.76,1.28)
Bayonetting No 319 91 (28.53%) Reference | 0.648
Yes 134 31(23.13%) 0.76 (0.47,1.21)
2 26 8 (30.77%) 1.15 (0.48,2.74)
Missing 945 259 (27.41%) 0.94 (0.70,1.26)
Nasalization of the No 308 95 (30.84%) Reference | 0.067
vessels Yes 174 | 37 (21.26%) 0.61 (0.39,0.93)
Missing 942 257 (27.28%) 0.83 (0.62,1.11)
Cilio-retinal vessels No 381 110 (28.87%) Reference | 0.298
Yes 101 22 (21.78%) 0.68 (0.41,1.13)
Missing 942 257 (27.28%) 0.91 (0.70,1.20)
Gray crescent No 445 124 (27.87%) Reference | 0.722
Yes 37 8 (21.62%) 0.72 (0.32,1.66)
Missing 942 257 (27.28%) 0.96 (0.74,1.25)
Conus pigmentosus No 434 122 (28.11%) Reference | 0.440
Yes 48 10 (20.83%) 0.67 (0.35,1.29)
Missing 942 257 (27.28%) 0.95 (0.73,1.24)
Notching of neural rim No 449 126 (28.06%) Reference | 0.111
Yes 30 4 (13.33%) 0.39 (0.13,1.14)
Missing 945 259 (27.41%) 0.96 (0.74,1.24)
Pallor of the neural rim | No 475 131 (27.58%) Reference | 0.727
Yes 7 1(14.29%) 0.48 (0.06,3.67)
Missing 942 257 (27.28%) 0.98 (0.75,1.26)

OR=0dds ratio; Cl=confidence interval
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Table 4: Univariable analysis for demographic risk factors for increasing RNFL progression rate

Levels # of | Rate of RNFL Difference | P-value
eyes | progression (umly) (95% Cl)
Mean (SE)
Age group <=60 304 -1.71 (0.09) Reference 0.83
(60,70] 415 | -1.65 (0.05) 0.06 (-0.15,0.27)
>70 609 | -1.65(0.05) 0.06 (-0.14,0.26)
missing 96 - -
Age at enroliment (per 1 0.00 (-0.00,0.01) 0.44
year increase)
sex Male 648 -1.71 (0.07) Reference .
Female |772 |-1.64(0.03) 0.08 (-0.07,0.22) 0.32
NA 4 - -
BMI group (kg/m?) <25 262 -1.64 (0.07) Reference 0.16
25-30 466 | -1.60 (0.04) 0.03 (-0.12,0.19)
>=30 563 | -1.75 (0.06) -0.11 (-0.29,0.06)
missing 133 - -
BMI (per 1 kg/m? increase) -0.01 (-0.02,0.00) 0.22
Diabetes No 735 -1.69 (0.05) Reference .
Yes 558 | -1.64 (0.05) 0.05 (-0.08,0.18) 0.44
NA 131 - -
Hypertension No 228 -1.68 (0.07) Reference .
Yes 1067 | -1.67 (0.04) 0.01 (-0.14,0.16) 0.86
NA 129 |- -
Family glaucoma history No 487 -1.73 (0.07) Reference .
Yes 713 | -1.64 (0.04) 0.09 (-0.07,0.25) 0.27
NA 224 | - -
Alcohol use No 569 -1.63 (0.03) Reference .
Yes 661 | -1.71(0.04) -0.08 (-0.18,0.03) 0.14
NA 194 |- -
Tobacco use No 538 -1.66 (0.04) Reference .
Yes 694 | -1.68 (0.04) -0.02 (-0.12,0.09) 0.73
NA 192 | - -
Previous glaucoma surgery | No 895 -1.70 (0.03) Reference .
Yes 383 | -1.64 (0.08) 0.06 (-0.11,0.23) 0.50
NA 146 | - -
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LMX1B GC 27 -1.39 (0.31) Reference .
GG 1127 | -1.68 (0.04) -0.29 (-0.90,0.32) 0.36
missing 270 - -

TRIM66 TC 146 | -1.77 (0.19) Reference .
T 1004 | -1.65 (0.03) 0.11 (-0.26,0.48) 0.55
missing 274 - -

RNFL=retinal nerve fiber layer; Cl=confidence interval; BMI=body mass index
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Table 5: Univariable analysis of clinical risk factors of increasing RNFL progression rate

# of eyes Regression Coefficient for P-value
rate of RNFL change (95% Cl)

CCT (per 10 ym/increase) 1228 -0.00 (-0.02,0.01) 0.766
CDR (per 0.1 increase) 863 0.12 (0.08,0.16) <.001
IOP (per 1 mmHg increase) 1148 -0.00 (-0.02,0.01) 0.622
MD (per 1 dB increase) 1004 -0.04 (-0.05, -0.03) <.001
PSD (per 1 dB increase) 1001 0.09 (0.06,0.11) <.001
RNFL (per 10 ym/increase) 1424 -0.54 (-0.60, -0.47) <.001
VA (per 0.1 logMAR increase) | 727 0.03 (0.01,0.06) 0.007

OR=0dds ratio; Cl=confidence interval; CCT=central corneal thickness; CDR=cup-to-disc ratio;
IOP=intraocular pressure; MD=mean deviation; PSD=pattern standard deviation; RNFL=retinal

nerve fiber layer thickness; VA=visual acuity
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Table 6: Univariable analysis for qualitative phenotypes risk factors of increasing RNFL

progression rate

# of Rate of RNFL Difference P
eyes progression (uml/y) (95% Cl) value
Mean (SE)

Disc shape Round 243 -1.54 (0.05) Reference 0.004
Oval 237 -1.80 (0.05) -0.26 (-0.41, -0.11)
Missing 944 -1.67 (0.05) -0.13 (-0.28,0.01)

Disc Size Abnormal | 3 -1.46 (0.20) Reference 0.742
Normal 479 -1.67 (0.03) -0.21 (-0.61,0.19)
Missing 942 -1.67 (0.05) -0.22 (-0.63,0.19)

Shape of cup Conical 156 -1.66 (0.05) Reference 0.695
Cylindrical | 256 -1.71 (0.05) -0.05 (-0.20,0.10)
Bean Pot | 62 -1.56 (0.11) 0.10 (-0.15,0.34)
Missing 950 -1.67 (0.05) -0.01 (-0.15,0.14)

Cup Depth Shallow 54 -1.59 (0.09) Reference 0.692
Moderate | 315 -1.70 (0.04) -0.11 (-0.29,0.08)
deep 110 -1.64 (0.07) -0.05 (-0.27,0.16)
Missing 945 -1.67 (0.05) -0.08 (-0.28,0.11)

Rim plane position No 69 -1.70 (0.07) Reference 0.900
constant through 360 Yes 410 | -1.66 (0.04) 0.04 (-0.12,0.20)
Missing 945 -1.67 (0.05) 0.03 (-0.14,0.20)

Beta PPA No 157 -1.52 (0.06) Reference 0.014
Yes 325 -1.74 (0.04) -0.22 (-0.36, -0.08)
Missing 942 -1.67 (0.05) -0.15 (-0.31, -0.00)

Tilted disc No 441 -1.65 (0.04) Reference 0.502
Yes 41 -1.80 (0.11) -0.14 (-0.37,0.09)
Missing 942 -1.67 (0.05) -0.02 (-0.14,0.10)

Disc hemorrhage No 475 -1.66 (0.03) Reference 0.799
Yes 7 -2.03 (0.56) -0.37 (-1.48,0.74)
Missing 942 -1.67 (0.05) -0.01 (-0.13,0.11)

Arteriole narrowing No 473 -1.67 (0.03) Reference 0.339
Yes 9 -1.43 (0.14) 0.25 (-0.05,0.54)
Missing 942 -1.67 (0.05) -0.00 (-0.12,0.12)
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Venule narrowing No 475 -1.66 (0.03) Reference 0.875
Yes 7 -1.80 (0.26) -0.14 (-0.65,0.38)
Missing 942 -1.67 (0.05) -0.01 (-0.13,0.11)
Baring of the lamina No 128 -1.79 (0.06) Reference 0.090
cribrosa Yes 354 | -1.62(0.04) 0.17 (0.02,0.32)
Missing 942 -1.67 (0.05) 0.12 (-0.04,0.28)
Baring of the circumlinear | No 340 -1.68 (0.04) Reference 0.838
vessels Yes 141 | -1.63(0.07) 0.05 (-0.12,0.22)
Missing 943 -1.67 (0.05) 0.01 (-0.12,0.13)
Vessels overpass No 471 -1.68 (0.03) Reference 0.828
Yes 7 -1.41 (0.43) 0.27 (-0.57,1.11)
Missing 946 -1.67 (0.05) 0.01 (-0.11,0.12)
Bayonetting No 319 -1.69 (0.04) Reference 0.711
Moderate | 134 -1.61 (0.06) 0.08 (-0.07,0.23)
Severe 26 -1.77 (0.20) -0.08 (-0.49,0.33)
Missing 945 -1.67 (0.05) 0.02 (-0.11,0.14)
Nasalization of the No 308 -1.75 (0.04) Reference 0.012
vessels Yes 174 | -1.52 (0.06) 0.24 (0.09,0.39)
Missing 942 -1.67 (0.05) 0.08 (-0.05,0.21)
Cilio-retinal vessels No 381 -1.68 (0.04) Reference 0.854
Yes 101 -1.63 (0.07) 0.04 (-0.11,0.20)
Missing 942 -1.67 (0.05) 0.00 (-0.12,0.13)
Gray crescent No 445 -1.65 (0.04) Reference 0.515
Yes 37 -1.81 (0.13) -0.16 (-0.42,0.11)
Missing 942 -1.67 (0.05) -0.02 (-0.14,0.10)
Conus pigmentosus No 434 -1.69 (0.03) Reference 0.202
Yes 48 -1.48 (0.11) 0.21 (-0.01,0.43)
Missing 942 -1.67 (0.05) 0.01 (-0.11,0.14)
Notching of neural rim No 449 -1.69 (0.03) Reference 0.257
Yes 30 -1.41(0.16) 0.28 (-0.04,0.59)
Missing 945 -1.67 (0.05) 0.02 (-0.10,0.14)
Pallor of the neural rim No 475 -1.67 (0.03) Reference 0.943
Yes 7 -1.60 (0.21) 0.07 (-0.35,0.49)
Missing 942 -1.67 (0.05) -0.00 (-0.13,0.12)

OR=0dds ratio; Cl=confidence interval
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Table 7: Univariable analysis of demographic risk factors of being a moderate or fast functional

progressor
levels N # of fast OR (95% CI) | P value
progressors (%)
Age (years) <=60 304 26 (8.55%) Ref 0.517
(60,70] 415 48 (11.57%) 1.41 (0.77,2.59)
>70 609 62 (10.18%) 1.19 (0.66,2.13)
Missing 96 32 (33.33%) -
Age (per 10 year increase) 0.97 (0.81,1.17) 0.782
Sex Male 648 95 (14.66%) Ref 0.008
Female 772 73 (9.46%) 0.59 (0.40,0.87)
Missing 4 0 (0.00%) -
BMI (kg/m?) <25 262 33 (12.60%) Ref 0.668
25-30 466 45 (9.66%) 0.77 (0.44,1.37)
>=30 563 58 (10.30%) 0.83 (0.49,1.42)
Missing 133 32 (24.06%) -
BMI (per 1 kg/m? change) 0.99 (0.95,1.03) 0.464
Diabetes No 735 75 (10.20%) Ref 0.674
Yes 558 62 (11.11%) 1.09 (0.72,1.66)
Missing 131 31 (23.66%) -
Hypertension No 228 17 (7.46%) Ref 0.146
Yes 1067 | 120 (11.25%) 1.57 (0.85,2.87)
Missing 129 31 (24.03%) -
Family glaucoma history No 487 54 (11.09%) Ref 0.588
Yes 713 70 (9.82%) 0.89 (0.57,1.37)
Missing 224 44 (19.64%) -
Alcohol use No 569 54 (9.49%) Ref 0.278
Yes 661 50 (7.56%) 0.78 (0.49,1.23)
Missing 194 64 (32.99%) -
Tobacco use No 538 46 (8.55%) Ref 0.801
Yes 694 57 (8.21%) 0.94 (0.59,1.50)
Missing 192 65 (33.85%) -
Previous glaucoma surgery | No 895 75 (8.38%) Ref 0.004
Yes 383 56 (14.62%) 1.90 (1.23,2.92)
Missing 146 37 (25.34%) -
LmMXx1B GC 27 8 (29.63%) Ref | 0.011
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GG 1127 | 123 (10.91%) 0.28 (0.10,0.75)
Missing 270 37 (13.70%) -
TRIM66 TC 146 | 28 (19.18%) Ref | 0.015
TT 1004 | 102 (10.16%) 0.50 (0.28,0.88)
Missing 274 38 (13.87%) -

OR=0dds ratio; Cl=confidence interval; BMI=body mass index
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Table 8: Univariable analysis for ocular risk factors for being a moderate or fast functional

progressor
# of # of fast functional OR (95%ClI) P value
eyes progressors (%)
CCT (per 10 pm/increase) 1228 139 (11.32%) 1.01 (0.96,1.07) 0.636
CDR (per 0.1 increase) 607 27 (4.45%) 0.91 (0.72,1.15) 0.428
IOP (per 1 mmHg increase) 936 68 (7.26%) 1.05 (1.03,1.08) <.001
MD (per 1 dB increase) 1424 168 (11.80%) 1.01 (0.98,1.04) 0.469
PSD (per 1 dB increase) 1417 168 (11.86%) 1.03 (0.98,1.08) 0.195
RNFL (per 10 pm/increase) 628 31 (4.94%) 1.00 (0.74,1.36) 0.990
VA (per 0.1 logMAR increase) 532 20 (3.76%) 1.05 (0.92,1.19) 0.462

OR=0dds ratio; Cl=confidence interval; CCT=central corneal thickness; CDR=cup-to-disc ratio;
IOP=intraocular pressure; MD=mean deviation; PSD=pattern standard deviation; RNFL=retinal nerve
fiber layer thickness; VA=visual acuity
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Table 9: Univariable analysis for qualitative phenotype risk factors for being a moderate or fast
functional progressor

Level # of # of moderate or fast OR (95% CL) P

eyes progressors (%) value

Disc shape Round 140 5 (3.57%) Reference | 0.486
Oval 156 8 (5.13%) 1.50 (0.48,4.65)
Missing 1128 | 155 (13.74%) -
Disc Size Recorded 297 13 (4.38%) -
Missing 1127 | 155 (13.75%) -

Shape of cup Conical 101 6 (5.94%) Reference | 0.717
Cylindrical 152 6 (3.95%) 0.69 (0.22,2.16)
Bean Pot 34 1(2.94%) 0.48 (0.06,4.17)
Missing 1137 155 (13.63%) -

Cup Depth Shallow 21 2 (9.52%) Reference | 0.460
Moderate 195 8 (4.10%) 0.39 (0.08,1.85)
deep 77 3 (3.90%) 0.37 (0.06,2.21)
Missing 1131 155 (13.70%) -

Rim plane position No 53 2 (3.77%) Reference | 0.768
constant through 360 Yes 240 | 11 (4.58%) 1.26 (0.27,6.00)
Missing 1131 155 (13.70%) -

Beta PPA No 80 6 (7.50%) Reference | 0.113
Yes 216 7 (3.24%) 0.41(0.14,1.23)
Missing 1128 | 155 (13.74%) -

Tilted disc No 264 9 (3.41%) Reference | 0.031
Yes 32 4 (12.50%) 4.01
(1.14,14.13)
Missing 1128 | 155 (13.74%) -
Disc hemorrhage No 295 13 (4.41%) -
Yes 2 0 (0.00%) -
Missing 1127 | 155 (13.75%) -

Arteriole narrowing No 295 12 (4.07%) Reference | 0.030
Yes 2 1 (50.00%) 23.12
(1.36,392.27)
Missing 1127 | 155 (13.75%) -
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Venule narrowing No 293 13 (4.44%) -
Yes 4 0 (0.00%) -
Missing 1127 155 (13.75%) -

Baring of the lamina No 85 6 (7.06%) Reference | 0.171
cribrosa Yes 212 | 7(3.30%) 0.46 (0.15,1.40)
Missing 1127 | 155 (13.75%) -

Baring of the circumlinear | No 208 11 (5.29%) Reference | 0.243
vessels Yes 88 2 (2.27%) 0.40 (0.09,1.85)
Missing 1128 | 155 (13.74%) -
Vessels overpass No 292 13 (4.45%) Reference
Missing 1132 | 155 (13.69%) -

Bayonetting No 205 10 (4.88%) Reference | 0.652
Yes 75 2 (2.67%) 0.55 (0.12,2.51)
2 13 1 (7.69%) 1.58
(0.18,14.06)
Missing 1131 155 (13.70%) -

Nasalization of the No 195 11 (5.64%) Reference | 0.165
vessels Yes 101 | 2(1.98%) 0.35 (0.08,1.54)
Missing 1128 155 (13.74%) -

Cilio-retinal vessels No 243 12 (4.94%) Reference | 0.328
Yes 54 1(1.85%) 0.35 (0.04,2.90)
Missing 1127 | 155 (13.75%) -
Gray crescent No 272 13 (4.78%) -
Yes 25 0 (0.00%) -
Missing 1127 155 (13.75%) -
Conus pigmentosus No 269 13 (4.83%) -
Yes 28 0 (0.00%) -
Missing 1127 | 155 (13.75%) -
Notching of neural rim No 271 13 (4.80%) -
Yes 22 0 (0.00%) -
Missing 1131 155 (13.70%) -
Pallor of the neural rim No 201 13 (4.47%) -
Yes 6 0 (0.00%) -
Missing 1127 | 155 (13.75%) -

OR=0dds ratio; Cl=confidence interval
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Table 10: Univariable analysis for demographic risk factors of increasing MD rate of change

Levels N Rate of Difference P-
RNFL change (95% CI) | value
Mean (SE)

Age (years) <=60 304 -0.38 (0.01) Reference | 0.18

(60,70] 415 | -0.41(0.01) -0.03 (-0.07,0.00)

>70 609 | -0.40 (0.01) -0.02 (-0.05,0.01)

Missing 96 - -
Age at enrollment (per 10-year -0.00 (-0.01, | 0.92

increase) 0.01)
sex Male 648 -0.41 (0.01) Reference .
Female |772 |-0.39(0.01) 0.02 (-0.01,0.04) | 0-13

Missing 4 - -
BMI (kg/m?) <25 262 | -0.42(0.01) Reference | 0.13

25-30 466 | -0.40(0.01) 0.02 (-0.01,0.05)

>=30 563 | -0.39 (0.01) 0.03 (0.00,0.07)

Missing 133 - -
BMI (per kg/m? increase) 0.0027 | 0.01

(0.0006, 0.0048)

Diabetes No 735 -0.40 (0.01) Reference
Yes 558 | -0.40 (0.01) 0.00 (-0.02,0.02) | 0.81

Missing 131 - -

Hypertension No 228 -0.39 (0.01) Reference
Yes 1067 | -0.40 (0.01) -0.00 (-0.03,0.02) | 0.71

Missing 129 - -

Family glaucoma history No 487 -0.40 (0.01) Reference
Yes 713 | -0.40 (0.01) -0.00 (-0.02,0.02) | 0.98

Missing 224 - -

Alcohol use No 569 -0.39 (0.01) Reference
Yes 661 -0.39 (0.01) 0.00 (-0.02,0.02) | 0.77

Missing 194 - -

Tobacco use No 538 -0.39 (0.01) Reference
Yes 694 | -0.39 (0.01) -0.00 (-0.02,0.02) | 0.72

Missing 192 - -

Previous glaucoma surgery No 895 -0.39 (0.01) Reference
Yes 383 | -0.41(0.01) -0.02 (-0.05,0.01) | 0.22

Missing 146 - -
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LMX1B GC 27 -0.47 (0.03) Reference
GG 1127 | -0.40 (0.01) 0.06 (-0.00,0.13) | 0.07
Missing 270 - -
TRIM66 TC 146 | -0.43 (0.02) Reference
TT 1004 | -0.40 (0.01) 0.03 (-0.00,0.07) | 0.06
Missing 274 - -

MD=mean deviation; OR=0dds ratio; Cl=confidence interval; BMI=body mass index
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Table 11: Univariable analysis for ocular risk factors of increasing MD progression rate

# of Regression Coefficient for | P-value*

eyes rate of MD change (95% Cl)
CCT (per 10 um/increase) 1228 -0.002 (-0.005,0.001) 0.160
CDR (per 0.1 increase) 607 0.008 (0.004,0.012) <.001
IOP (per 1 mmHg increase) 936 -0.001 (-0.003,0.001) 0.418
MD (per 1 dB increase) 1424 -0.006 (-0.008,-0.003) <.001
PSD (per 1 dB increase) 1417 0.000 (-0.002,0.003) 0.772
RNFL (per 10 ym/increase) 628 -0.015 (-0.029,-0.002) 0.025
VA (per 0.1 logMAR increase) 532 0.001 (-0.001,0.003) 0.451

OR=0dds ratio; Cl=confidence interval; CCT=central corneal thickness; CDR=cup-to-disc ratio;
IOP=intraocular pressure; MD=mean deviation; PSD=pattern standard deviation; RNFL=retinal nerve
fiber layer thickness; VA=visual acuity
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Table 12: Univariable analysis for qualitative phenotype risk factors of increasing MD rate of

change
N Rate of MD Difference P
progression (dBly) (95% CI) | value
Mean (SE)

Disc shape Round 140 -0.40 (0.01) Reference | 0.985
Oval 156 -0.40 (0.01) 0.00 (-0.01,0.02)
Missing 1128 | -0.40 (0.01) 0.00 (-0.02,0.02)

Disc Size Abnormal 3 -0.41 (0.01) Reference | 0.603
Normal 294 -0.40 (0.00) 0.01 (-0.01,0.03)
Missing 1127 -0.40 (0.01) 0.01 (-0.01,0.04)

Shape of cup Conical 101 -0.42 (0.01) Reference | 0.078
Cylindrical | 152 -0.40 (0.01) 0.02 (0.00,0.03)
Bean Pot 34 -0.39 (0.01) 0.03 (0.00,0.06)
Missing 1137 -0.40 (0.01) 0.01 (-0.00,0.03)

Cup Depth Shallow 21 -0.42 (0.01) Reference | 0.144
Moderate 195 -0.41 (0.00) 0.01 (-0.02,0.04)
deep 77 -0.39 (0.01) 0.03 (-0.00,0.06)
Missing 1131 -0.40 (0.01) 0.01 (-0.02,0.04)

Rim plane position constant | No 53 -0.41 (0.01) Reference | 0.294
through 360 Yes 240 -0.40 (0.00) 0.01 (-0.00,0.02)
Missing 1131 -0.40 (0.01) 0.01 (-0.01,0.03)

Beta PPA No 80 -0.40 (0.01) Reference | 0.996
Yes 216 -0.40 (0.00) 0.00 (-0.02,0.02)
Missing 1128 -0.40 (0.01) 0.00 (-0.02,0.02)

Tilted disc No 264 -0.40 (0.00) Reference | 0.362
Yes 32 -0.42 (0.01) -0.02 (-
0.04,0.01)
Missing 1128 | -0.40 (0.01) -0.00 (-
0.02,0.01)

Disc hemorrhage No 295 -0.40 (0.00) Reference | 0.891
Yes 2 -0.39 (0.02) 0.01 (-0.02,0.04)
Missing 1127 | -0.40 (0.01) -0.00 (-
0.02,0.02)
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Arteriole narrowing No 295 -0.40 (0.00) Reference | 0.431
Yes 2 -0.52 (0.04) -0.12 (-0.20,-
0.05)
Missing 1127 -0.40 (0.01) -0.00 (-
0.02,0.02)

Venule narrowing No 293 -0.40 (0.00) Reference | 0.457
Yes 4 -0.34 (0.04) 0.06 (-0.01,0.14)
Missing 1127 -0.40 (0.01) 0.00 (-0.02,0.02)

Baring of the lamina No 85 -0.41 (0.01) Reference | 0.169
cribrosa Yes 212 -0.40 (0.00) 0.02 (-0.00,0.03)
Missing 1127 -0.40 (0.01) 0.01 (-0.01,0.03)

Baring of the circumlinear No 208 -0.40 (0.00) Reference | 0.822
vessels Yes 88 -0.40 (0.01) 0.00 (-0.01,0.02)
Missing 1128 -0.40 (0.01) 0.00 (-0.02,0.02)

Vessels overpass No 292 -0.40 (0.00) Reference | 0.957
Yes 0 - -
Missing 1132 -0.40 (0.01) 0.00 (-0.02,0.02)

Bayonetting No 205 -0.40 (0.00) Reference | 0.436
Moderate 75 -0.39 (0.01) 0.01 (-0.00,0.03)
Severe 13 -0.42 (0.01) -0.02 (-
0.05,0.01)
Missing 1131 -0.40 (0.01) 0.00 (-0.01,0.02)

Nasalization of the vessels | No 195 -0.41 (0.01) Reference | 0.539
Yes 101 -0.39 (0.01) 0.01 (-0.01,0.03)
Missing 1128 -0.40 (0.01) 0.00 (-0.01,0.02)

Cilio-retinal vessels No 243 -0.40 (0.00) Reference | 0.158
Yes 54 -0.39 (0.01) 0.02 (0.00,0.03)
Missing 1127 -0.40 (0.01) 0.00 (-0.01,0.02)

Gray crescent No 272 -0.40 (0.00) Reference | 0.762
Yes 25 -0.39 (0.01) 0.01 (-0.01,0.03)
Missing 1127 -0.40 (0.01) 0.00 (-0.02,0.02)

Conus pigmentosus No 269 -0.40 (0.00) Reference | 0.950
Yes 28 -0.40 (0.01) 0.00 (-0.01,0.02)
Missing 1127 -0.40 (0.01) 0.00 (-0.02,0.02)

Notching of neural rim No 271 -0.40 (0.00) Reference | 0.624
Yes 22 -0.39 (0.01) 0.02 (-0.02,0.05)
Missing 1131 -0.40 (0.01) 0.00 (-0.01,0.02)
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Pallor of the neural rim

No 291 -0.40 (0.00) Reference
Yes 6 -0.38 (0.02) 0.02 (-0.01,0.06)
Missing 1127 -0.40 (0.01) 0.00 (-0.02,0.02)

0.607

MD=mean deviation; OR=0dds ratio; Cl=confidence interval

Salowe RJ, et al. BMJ Open Ophth 2023; 8:€001120. doi: 10.1136/bmjophth-2022-001120



	Risk factors for structural and functional progression of primary open-­angle glaucoma in an African ancestry cohort
	Abstract
	Introduction﻿﻿
	Methods
	Study population
	Risk factors for progression
	Statistical analyses

	Results
	Discussion
	References


