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3Department of Ophthalmology and Vision Sciences, Heersink School of Medicine, University of
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Abstract

Purpose: To examine clinical factors associated with long-term optical coherence tomography
(OCT)-measured retinal nerve fiber layer thickness (RNFLT) variability in glaucoma.

Design: Retrospective cohort study.

Methods: Glaucoma eyes from DIGS/ADAGES with >2-years and 4-visits follow-up were
included. RNFLT variability was calculated per-visit as the absolute error of optic nerve head
RNFLT residuals across longitudinal follow-up. Clinical factors examined included general
demographics, baseline ocular measurements, prior and intervening cataract extraction (CE) or
glaucoma surgery, scan quality, baseline RNFLT and RNFLT thinning rate, follow-up duration,
visit/testing frequency, etc. Three multivariable linear mixed models (full model, baseline model,
and parsimonious model) were fit to evaluate the effects of clinical factors on RNFLT variability,
with ten-fold cross-validation to estimate real-world model performance.

Results: A total of 1140 eyes (634 patients) were included. The overall mean (95% CI) RNFLT
variability was 1.51(1.45, 1.58) um. Across different models, African-American race (B[standard
error, SE] = 0.18[0.06]), intervening CE (B[SE] = 0.52[0.07]), intervening glaucoma surgeries
(B[SE] = 0.15[0.03]), and more positive RNFLT thinning rate (B[SE] = 0.06[0.02] per 1um/

year more positive) showed consistent association with greater RNFLT variability, whereas more
frequent visits/testing (B[SE] = —0.11[0.05] per 1 visit/year higher) was associated with smaller
RNFLT variability (P<0.05 for all).

Conclusions: Relevant clinical factors affecting long-term RNFLT variability in glaucoma were
identified. These data enhance the evaluation of longitudinal structural change. Increasing the

Corresponding Author/Address for Reprints: Robert N. Weinreb, MD, Shiley Eye Institute, University of California, San Diego,
9415 Campus Point Drive, La Jolla, CA, 92093-0946, rweinreb@ucsd.edu.
These authors have equal role as co-first author

Supplemental Material available at AJO.com


http://ajo.com/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wu et al. Page 2

testing frequency, especially in eyes at risk of higher measurement variability, and resetting of
baseline imaging after intervening procedures may help to more reliably detect OCT progression.

Keywords
glaucoma; OCT; RNFL thickness; variability; reproducibility

INTRODUCTION

With a chronic, progressive and irreversible course,! clinical monitoring of glaucoma relies
heavily on periodic assessment of both functional and structural changes. For assessing the
former, the visual field (VVF) test has been performed traditionally and routinely. While for
the latter, the optical coherence tomography (OCT) has become the most commonly used
clinical instrument for structural evaluation.

The measurement variability of VF and OCT both play important roles in the long-term
follow-up of glaucoma. Thus, the impact of this variability on the detection of progressive
glaucoma is of critical interest. The variability of VF parameters in glaucoma has been well
studied.2-6 Several factors have been identified that contribute to the longitudinal fluctuation
of VF,8 which can be used to inform clinicians to identify patients that may require more
frequent testing and additional evaluation of VF loss.

While VF variability has be extensively evaluated, only limited studies have investigated
the variability of OCT-based metrics, particularly long-term variability, despite its key
role in glaucoma progression assessment. Although considered less variable than VF,’~

10 prior studies still reported a wide range of test-retest variability for OCT on retinal
nerve fiber layer thickness (RNFLT) measurement.11-15 This indicates that, similar to

VF, there may be individual and inter-instrument differences in the magnitude of OCT
measurements fluctuation, and that presence of some characteristics might predict a worse
OCT reproducibility in a patient. The factors contributing to a greater RNFLT variability
have been largely unexplored. Identification of these factors may reduce false positive
results and delayed detection of structural progression. Moreover, this may help to identify
patients that require more careful OCT measurements.

This study examined the clinical factors associated with long-term OCT-measured RNFLT
variability in order to improve the detection of structural changes and to identify patients
requiring additional attention when assessing structural progression based on OCT.

METHODS

This study adhered to the tenets of the Declaration of Helsinki and the Health Insurance
Portability and Accountability Act, and was approved by the University of California San
Diego (UCSD) Human Research Protection Program (NCT00221897).

Participants

This is a retrospective cohort study. Primary open angle glaucoma (POAG) and glaucoma
suspect patients from the Diagnostic Innovations in Glaucoma Study (DIGS)/ The African
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Descent and Glaucoma Evaluation Study (ADAGES)6: 17 were included. Inclusion criteria
for DIGS/ADAGES were: (1) age >= 18 years; (2) BCVA of 20/40 or better at study

entry; (3) open angles on gonioscopy. Routine examinations of DIGS included: (1)
gonioscopy and ultrasound pachymetry at the first visit; (2) semi-annual examination

of Goldmann applanation tonometry (for intraocular pressure [IOP] measurement), VF,
and OCT/OCTA imaging; (3) annual comprehensive ophthalmic examination with dilated
fundus examination, slit-lamp biomicroscopy, best-corrected visual acuity (BCVA), and
stereoscopic optic disc photography. Relevant clinical information, such as demographics
and systemic medical history, was also collected. Written informed consent was obtained
from all DIGS participants.

A minimum of 2 years and 4 visits of OCT visits were required to be included in this study.
Participants with the following conditions were excluded: (1) axial length = 27mm; (2)
uveitis; (3) history of trauma; (4) non-glaucomatous optic neuropathy; (5) coexisting retinal
disease including diabetic retinopathy; (6) history of Parkinson’s disease, clinical dementia,
or stroke. Glaucoma suspect was defined as having a suspicious-appearing optic disc or

an elevated 10P (= 22 mm Hg) without repeatable glaucomatous VF damage. POAG was
defined as having repeatable (= 2 consecutive tests) and reliable (fixation losses and false
negatives < 33% and false positives < 15%) abnormal VF results using the 24-2 Swedish
Interactive Thresholding Algorithm (SITA) with a PSD outside the 95% confidence limits or
a GHT result outside the 99% confidence limit.

Analysis of OCT measurements variability—The Spectralis spectral domain-OCT
(Heidelberg Engineering, GmbH, Heidelberg, Germany) optic nerve head (ONH)-centered
retinal nerve fiber layer (RNFL) circle scan (diameter ~ 3.4mm) was used to obtain the
mean global RNFLT measurement. In this study, the OCT variability was calculated as

the longitudinal absolute error of RNFLT on a per-exam/visit basis, with residuals (the
difference between predicted and observed values of RNFLT) being time-varying outcomes
derived from a linear mixed-effects model. Our mixed-effects model fit mean global RNFLT
across follow-up time (years), with a random slope for longitudinal follow-up time and
random intercepts to account for nested subject eye variability and variability derived from
Spectralis OCT software version.

Statistical analysis

Demographic and clinical characteristic data were presented as count (%) for categorical
variables and mean (95% confidence interval [CI]) for continuous variables. Linear mixed-
effects models adjusted for inter-eye correlation as well as Spectralis OCT software version
were fit with RNFLT residuals errors (variability of RNFLT) as the dependent variable.
Statistical analyses were performed using the R programming language version 4.2.1 (R
Foundation for Statistical Computing, Vienna, Austria) with the packages “Ime4”, “nlme”,
“ImerTest”, and “performance”. A P-value < 0.05 was considered statistically significant.

Clinical factors selection—Potential clinical factors associated with RNFLT variability
initially considered included: (1) baseline variables: age, gender, eye laterality, race,
diagnosis (healthy, glaucoma suspect, POAG), systemic hypertension, diabetes, IOP, central
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corneal thickness (CCT), axial length (AL), spherical equivalent (SE), glaucoma medication
use and the number of medications, history of cataract extraction (CE) at baseline, history
of glaucoma surgeries at baseline, 24-2 VF MD and PSD, glaucoma severity, RNFLT; (2)
longitudinal variables: mean IOP during the follow-up, IOP fluctuation (standard deviation
[SD] of the IOP), slope of RNFL thinning (calculated using linear regression), CE during
follow-up, glaucoma surgeries during follow-up, OCT scan quality and Automated Real
Time (ART)-function, follow-up duration, total number of visits/testing, frequency of visit/
testing (per year).

To decide the final set of clinical factors for model fitting, a hierarchical cluster analysis
based on squared Spearman correlations was performed. The clustering method clusters

all variables based on their correlation patterns, in order to reveal multicollinearity. The
goal was to ensure no considerable collinearity existed among the finally included factors
(rho? < 0.30).18 After examining for collinearity, the final set of clinical factors included
were: baseline age, gender, race, systemic hypertension, diabetes, eye laterality, baseline
AL, baseline CCT, baseline SE, baseline glaucoma medication use, baseline 10P, baseline
VF MD, baseline RNFLT, history of CE at baseline, history of glaucoma surgeries (e.g.
filtration, laser, and other procedures for glaucoma) at baseline, IOP fluctuation (SD), RNFL
thinning rate, CE during follow-up, glaucoma surgeries during follow-up, scan quality,
ART, frequency of visit/testing, and follow-up duration. Baseline variables were defined as
measurements within 6 months of the first RNFLT included in the analysis. Correlation
among the final set of clinical factors is shown in Supplemental Figure S1. All factors
exhibited only null-to-fair degrees of correlation (rho? < 0.27 for all).

The proportion of missing data was calculated for each clinical factor. As shown in
Supplemental Figure S2, the percentage of missing data was below 2% for all variables
in this study. With the very low data missingness, we did not perform data imputation and
presented only the results based on the original data.

Model fitting—Linear mixed models were fit with RNFLT variability (absolute error of
time-varying residuals) as the dependent variable. Inter-eye correlation was adjusted by
including fellow eye as the random effect. Three separate multivariable models were fit
with different set of clinical factors:8 (1) Full model: This model included all eligible
factors included after clustering analysis; (2) Baseline model: This model included only
eligible factors that were baseline variables; (3) Parsimonious model: This model included
factors additionally selected by least absolute shrinkage and selection operator (LASSO)
regression.1® R2 was calculated to estimate the total variance explained by each model.20
To estimate the potential model performance for future clinical application,10-fold cross-
validation was performed. In the 10-fold cross-validation, the dataset was first randomly
divided into 10 equally sized subsets. For each fold, 9 subsets were used to train the model,
with 1 subset left out being used as the test sample. This process was repeated 10 times
(10-fold) so that all subsets were used as the test sample once, and the mean squared
errors derived from all 10 folds were averaged to demonstrate model performance. Results
of the univariable model are presented in Supplemental Table S1. A positive co-efficient
indicates increased RNFLT variability, while a negative co-efficient indicates decreased
RNFLT variability.

Am J Ophthalmol. Author manuscript; available in PMC 2024 December 19.
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RESULTS

Demographic and clinical characteristics of the study population are summarized in Table
1. Atotal of 1140 eyes (POAG: 632 eyes; glaucoma suspect: 508 eyes) from 634 patients
were included. The mean (95% CI) age and 24-2 VF MD at baseline was 64.9 (64.0, 65.7)
years and —3.4 (=3.8, —3.1) dB, respectively. Mean (95% CI) baseline RNFLT was 80.5
(79.5, 81.5) um, and mean (95% CI) rate of RNFL thinning was —0.6 (=0.7, —0.6) um/year.
The mean (95% CI) follow-up duration was 10.3 (10.0, 10.6) years, with a mean (95%

Cl) of 6.6 (6.5, 6.8) visits throughout the follow-up period. The overall mean (95% CI)
RNFLT variability of this cohort was 1.51 (1.45, 1.58) um. The mean (95% CI) RNFLT
variability tended to be higher in African Americans (1.67 [1.47, 1.87] pm) compared to
non-African Americans (1.43 [1.35, 1.50] um), eyes having intervening CE (2.01 [1.81,
2.21] um) compared to those who did not (1.38 [1.31, 1.44] um), and eyes undergoing
intervening glaucoma surgeries (1.76 [1.55, 1.97] um) compared to those who did not (1.45
[1.39, 1.52] um) (P < 0.001 for all). Detailed RNFLT variability stratified by diagnosis and
rate of RNFLT thinning is shown in Supplemental Table S2.

Figure 1A and Table 2 present the results of the full model (including all factors selected
from the clustering analysis). The total R2 was 0.76. African American race (B [standard
error, SE] = 0.180[0.068]), higher spherical equivalence (B[SE] = 0.038[0.019], per 1 diopter
higher), greater IOP variability (B[SE] = 0.133[0.024], per 1 mmHg higher), CE performed
during follow-up (B[SE] = 0.511[0.077]), thicker baseline RNFLT (B[SE] = 0.008[0.002],
per 1 um thicker), more positive RNFL thinning rate (B[SE] = 0.058[0.023], per 1 um/year
more positive), and worse baseline VF MD (B[SE] = -0.017[0.007], per 1 dB higher) were
significant predictors of greater RNFLT variability (P < 0.05 for all). While higher baseline
IOP (B[SE] = -0.022[0.007], per 1 mmHg higher) and higher visit/testing frequency (B[SE]
=-0.115[0.057], per 1 time/year higher) showed association with less RNFLT variability (P
< 0.05 for all).

Figure 1B and Table 3 show the results of the baseline model (including only baseline
clinical factors), with a total R2 of 0.68. In this model, African American race (B[SE]
=0.214[0.071]), history of glaucoma surgery at baseline (B[SE] = 0.287[0.081]), thicker
baseline RNFLT (B[SE] = 0.007[0.003], per 1 um thicker), and worse baseline VF MD
(B[SE] = —0.022[0.007], per 1 dB higher) predicted greater RNFLT variability (P < 0.05 for
all).

Results of the parsimonious model (including only factors selected by LASSO regression)
are presented in Figure 1C and Table 4. The total RZ was 0.77. African-American race
(B[SE] = 0.180[0.061]), intervening CE (B[SE] = 0.511[0.069]), intervening glaucoma
surgeries (B[SE] = 0.195[0.070]), and more positive RNFLT thinning rate (B[SE] =
0.057[0.022], per 1 um/year more positive) were associated with greater RNFLT variability,
while a higher visit/testing frequency (B[SE] = —0.106[0.054] per 1 time/year higher) was
associated with smaller RNFLT variability (P < 0.05 for all).

Am J Ophthalmol. Author manuscript; available in PMC 2024 December 19.
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DISCUSSION

This study examined the clinical factors associated with long-term OCT-measured RNFLT
variability in glaucoma. A major strength of the study is the examination of RNFLT
variability with the residuals as time-varying outcomes over longitudinal follow-up; this
provides a more clinically meaningful quantification of measurement fluctuation and
predictor effects over time. Overall, the RNFLT variability was small and only a limited
number of factors showed an effect of > 0.1 ym. The main factors that affected the RNFLT
variability were African American race, intervening CE, intervening glaucoma surgeries,
and more frequent visit/testing. All models based on the original data achieved a satisfactory
R2, demonstrating robust performances.

After VF testing, OCT imaging is an invaluable diagnostic test for assessing glaucoma
progression. While OCT is less variable than VVF,21-23 measurement fluctuation is an
intrinsic issue that is particularly relevant to diseases with a chronic and progressive course
such as glaucoma. Although RNFL progression has generally shown a strong association
with VF loss, 24 25 some patients might be more prone to RNFLT measurement fluctuation
as the factors related to testing variability differ across diagnostic approaches. This could
not only lead to false positive results, but also missed or delayed detection of true glaucoma
progression.

In this study, African American race was associated with higher RNFLT variability as
compared to non-African Americans. Interestingly, a prior study has also shown an
association between African American race and a higher long-term VF variability in
glaucoma.?8 The presence of racial/ethnic differences in ocular biometry, such as retinal
thickness, have been reported in many studies and may account for some of the racial
difference in measurement variablity.27-30 It has been reported that African Americans
have thinner global and temporal RNFLT,28: 31. 32 and a higher risk of developing
functional damage.33-35 Although no study has directly examined the relationship between
RNFLT variability and glaucoma severity, based on available evidences for VF,36-38 t is
possible the greater OCT variability of African Americans may be partially related to the
worse glaucoma severity and the faster deterioration (African Americans vs. non-African
Americans: baseline VF MD = —4.1 vs. =3.1 dB; RNFLT thinning rate = -0.77 vs. -0.58
um/year; P<0.05 for both). This hypothesis remains to be examined in future studies. Of
note, a potentially delayed detection of glaucoma progression in African Americans due
to the greater VVF variability has been suggested.3? With a similarly greater variability for
RNFLT, such differences should be considered and, perhaps, managed with more frequent
testing when evaluating glaucoma in this population.40

In the baseline and full models, a worse baseline VF MD showed a small but significant
association with greater RNFLT variability. Similar correlation has also been reported for
macular OCT measurements.? This finding is consistent with prior literatures suggesting
an increased RNFLT variability in more severe glaucoma,! 4% 42 which might pose
challenge to clinicians when assessing structural change in patients with worse baseline
disease. Interestingly, we found an association between a more positive RNFLT thinning
rate and greater RNFLT variability, which has not been reported previously. Although

Am J Ophthalmol. Author manuscript; available in PMC 2024 December 19.
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this seems to suggest RNFLT may be reliable when evaluating rapidly progressing eyes
(with more negative RNFLT change rate) before reaching the OCT floor,*3 considering

the small effect size and the insignificant result in the univariable model, whether the
association was clinically significant remains to be examined. The non-linearity of data
might also partially explain this finding. Nonetheless, clinically, it might indeed be more
difficult to detect progression when the slope of RNFLT change is small, which can

make differentiation between noises and true changes more challenging, In general, these
suggest the incorporation of other clinical tests on top of OCT when assessing glaucomatous
progression. Additionally, clinicians should be aware of possible false-negative results when
a disproportionately small/slow change in RNFLT was found despite other symptoms and
signs suggesting true progression.

A greater RNFLT variability was found associated with intervening CE and glaucoma
surgeries. It is known the presence of significant cataract often causes falsely decreased
RNFLT due to attenuated OCT signal strength, and that the scan quality and thickness
measurement usually increase once the lens opacity is removed.*4-46 Therefore, the higher
RNFLT variability associated with intervening CE might be related to the rise in RNFLT
measurement after CE or the presence of a significant cataract during the follow-up period.
On the other hand, the post-operative change in RNFLT after glaucoma surgeries is usually
not as significant as that observed after CE.4” However, short-term fluctuation in RNFLT
might still be observed, and can be a source of the greater variability.*® Considering the
more prominent effects of intervening surgeries on RNFLT variability, the establishment of
a new imaging baseline after the procedures might be beneficial for subsequent progression
evaluation for patients receiving intervening CE and/or glaucoma surgeries. Based on this,
a supplemental subgroup analysis was additionally performed on patients without history of
intervening surgeries (Supplemental Table S3), which may help to understand the possible
effects of other clinical factors when accounting for these predictors.

Finally, the association between a lower RNFLT variability and a higher visit/testing
frequency has clinical importance. Information on factors associated with a lower
measurement variability, especially modifiable factors, can be incorporated clinically to
improve measurement interpretation. Our findings suggest that, by performing more
frequent monitoring, clinicians will likely be able to detect structural progression by OCT
more accurately, which can be applied to cases at higher risk of measurement fluctuation.
Consistent findings showing increased VF visit/test frequency leading to earlier detection of
VF progression has been previously reported,® 49 suggesting this strategy may be applicable
to various clinical examinations.

This study has several limitations. First, the RNFLT variability are likely worse in clinical
setting than in this academic research setting, since our technicians are very experienced,
and the scans have gone through quality review. However, this suggests that clinical factors
associated with measurement fluctuation should have even more effects in real-world
clinics. Second, whether the study population is representative of the clinical population

is unclear, and it is possible that other OCT instruments may have different characteristics
and reproducibility. To confirm the generalizability of our results, more studies with diverse
enrollment and examination settings are required. Third, there might be residual clinical

Am J Ophthalmol. Author manuscript; available in PMC 2024 December 19.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wu et al. Page 8

factors not considered in the analysis, including variation in dynamic factors such as ocular
pulse, which may also affect structural measurements. Last, despite providing insight into
some potential relationships, the effects of most clinical factors are small, and some are
not be well explained. Future studies are needed to clarify the clinical implication of these
findings.

In conclusion, this study identified relevant clinical factors associated with the long-term
OCT-measured RNFLT variability in glaucoma, which will enhance the evaluation of
longitudinal structural change. The overall small RNFLT variability suggests this parameter
is suitable for longitudinal glaucoma assessment, and only a limited number of factors
showed clinically significant effects on the variability. Furthermore, increasing the testing
frequency, especially in eyes at risk of higher measurement variability, and resetting of
baseline imaging after intervening procedures may more reliably assist to detect glaucoma
progression by OCT.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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(A) Full model

Variable Name
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Figurel.

(B) Baseline model

Variable Name
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(C) Parsimonious model

Variable Name
2

Cataract extraction during follow-up

00 02 0.00 025
Estimate (95% Cl) Estimate (95% Cl)

Forest plot showing the (A) full model (R2=0.76) (B) baseline model (R?=0.68) (C)
parsimonious model (R2=0.77) for clinical factors predicting retinal nerve fiber layer
thickness variability. Dots and bars indicate the coefficient estimates and the 95% confidence
intervals (CI), respectively (blue = significant effects; red = insignificant effects). Estimates
for continuous variables are intended for a 1-unit increase as indicated in the tables, unless

specified otherwise.
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Demographic and clinical characteristics of included eyes

Table 1:

N = 1140 eyes (634 patients)

Mean (95% ClI)

Median (Range)

Age at baseline (years)

64.9 (64.0, 65.7)

65.5 (23.2, 95.9)

Sex (Female, n)

355 (56.0%)

355 (56.0%)

Diagnosis (n)
Glaucoma suspect
POAG

508 (44.6%)
632 (55.4%)

Race (African American, n)

239 (37.7%)

Hypertension (Hypertensive, n) 311 (49.1%) -
Diabetes (Diabetic, n) 82 (12.9%) -
Eye laterality (n)
Right eye 563 (49%) -
Left eye 577 (51%)

Baseline IOP (mmHg)

16.2 (16.1, 16.3)

16.0 (1.0, 44.0)

Mean 10P during follow up (mmHg)

15.5 (15.3, 15.8)

15.2 (2.4, 30.0)

10P fluctuation (mmHg)

2.6 (2.5,2.6)

2.3(0.0, 13.9)

Baseline CCT (um)

543.9 (541.4,546.4

541.7 (398.5, 694.0)

Baseline axial length (mm)

24.0 (24.0,24.1)

24.0 (17.9, 26.9)

Moderate-advanced (MD < -6 dB)

209 (18.3%)

Baseline spherical equivalent (D) -0.5(-0.6, -0.4) 0.0 (-10.0, 4.25)
Baseline 24-2 VF MD (dB) -3.4(-3.8,-3.1) -1.6 (-33.7, 3.0)
Baseline 24-2 VF PSD (dB) 3.9(3.7,4.1) 2.1(0.9,16.7)
Baseline glaucoma severity (n)

Mild (MD >= -6 dB) 931 (81.7%)

Baseline RNFLT (um)

80.5 (79.5, 81.5)

79.0 (33.0, 133.0)

Rate of RNFLT thinning (um/year)

-0.6 (0.7, -0.6)

-0.6 (~16.0, 13.0)

History of cataract extraction at baseline (n)

203 (17.8%)

Cataract extraction during follow-up (n)

242 (21.2%)

History of glaucoma surgery at baseline (n)

290 (25.4%)

|
|
|
|
|
|
|
|
|
)|
|
|
|
|
|
|
|
|
|
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N = 1140 eyes (634 patients)

Mean (95% CI) Median (Range)
Glaucoma surgery during follow-up (n) 233 (20.4%) -
Glaucoma medication use at baseline 960 (84.2%) -
Number of glaucoma medication use at baseline 15(1.4,1.6) 1(0,4)
28 (14, 41)

Automatic Real Time (ART)-function 58.2 (57.1, 59.3)

62.0 (2.0, 100.0)

I
|
Scan quality | 28.0 (27.8,28.1)
|
I
|
I

Maximum follow-up visits 10.3 (10.0, 10.6) 9 (4, 30)
Follow-up time (years) 6.6 (6.5, 6.8) 6.2 (2.0,12.3)
Frequency of visits (times/year) 1.6 (1.6,1.7) 15(0.4,4.4)

Footnote: Values are shown in mean (95% CI) and median (range), unless otherwise indicated.
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Abbreviations: CCT = central corneal thickness; IOP = intraocular pressure; MD = mean deviation; RNFLT= RNFL thickness; POAG = primary

open angle glaucoma; PSD = pattern standard deviation, VF = visual field
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Effects of clinical factors on OCT measurement variability - Full model (Multivariable analysis)

Table 2.

Variable B Coefficient SE P-value
(Intercept) -0.041 1.602 0.980
Age, per 1 year older -0.003 0.003 0.349
Gender: Female (vs. male) -0.044 0.062 0.475
Race: African American (vs. others) 0.180 0.068 0.009
Diabetes (yes/no) 0.066 0.088 0.451
Hypertension (yes/no) -0.030 0.066 0.646
Laterality: Right eye 0.033 0.046 0.479
CCT, per 1 pym thicker 0.001 0.001 0.486
AL, per 1 mm longer 0.034 0.032 0.289
Spherical equivalent, per 1 D higher 0.038 0.019 0.042
Baseline VF MD, per 1 dB higher -0.017 0.007 0.019
Baseline 10P, per 1 mmHg higher -0.022 0.007 0.002
10P fluctuation, per 1 mmHg higher 0.133 0.024 | <0.001
Baseline medication use (yes/no) -0.024 0.081 0.773
History of CE at baseline (yes/no) 0.110 0.094 0.240
CE during follow-up (yes/no) 0.511 0.077 | <0.001
History of glaucoma surgery at baseline (yes/no) 0.119 0.081 0.144
Glaucoma surgery during follow-up (yes/no) 0.127 0.077 0.101
Baseline RNFLT, per 1 pm thicker 0.008 0.002 0.001
RNFL thinning rate, per 1 um/year more positive 0.058 0.023 0.012
Scan quality, per 1 unit higher 0.001 0.001 0.681
Mean ART, per 1 unit higher 0.001 0.001 0.987
Follow-up duration, per 1 year longer -0.001 0.012 0.913
Visit/testing frequency, per 1 time/year higher -0.115 0.057 0.047

Total R% 0.76

A positive co-efficient indicates increased RNFLT variability, while a negative co-efficient indicates decreased RNFLT variability.

Page 15

Abbreviation: AL = axial length, ART = automated real time value, CCT = central corneal thickness, CE = cataract extraction, IOP = intraocular
pressure, OCT = optical coherence tomography, RNFL = retinal nerve fiber layer, RNFLT= RNFL thickness, SE = standard error, VF MD = visual

field mean deviation
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Effects of clinical factors on OCT measurement variability - Baseline model (Multivariable analysis)

Table 3.

Variable B Coefficient SE P-value
(Intercept) -0.131 1.388 0.925
Age, per 1 year older 0.003 0.003 0.436
Gender: Female (vs. male) -0.028 0.065 0.669
Race: African American (vs. others) 0.214 0.071 0.003
Diabetes (yes/no) 0.070 0.092 0.449
Hypertension (yes/no) -0.023 0.069 0.739
Laterality: Right eye 0.040 0.048 0.401
CCT, per 1 pym thicker 0.001 0.001 0.743
AL, per 1 mm longer 0.023 0.031 0.470
Spherical equivalent, per 1 D higher 0.033 0.019 0.088
Baseline VF MD, per 1 dB higher -0.022 0.007 0.003
Baseline 10P, per 1 mmHg higher -0.005 0.007 0.511
Baseline medication use (yes/no) 0.116 0.086 0.181
History of CE at baseline (yes/no) -0.126 0.090 0.163
History of glaucoma surgery at baseline (yes/no) 0.287 0.081 | <0.001
Baseline RNFLT, per 1 um thicker 0.007 0.003 0.006

Total R% 0.68

*

A positive co-efficient indicates increased RNFLT variability, while a negative co-efficient indicates decreased RNFLT variability.
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Abbreviation: AL = axial length, CCT = central corneal thickness, CE = cataract extraction, IOP = intraocular pressure, OCT = optical coherence

tomography, RNFLT= RNFL thickness, SE = standard error, VF MD = visual field mean deviation
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Table 4.
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Effects of clinical factors on OCT measurement variability — Parsimonious model (Multivariable analysis)

Variable B Coefficient SE P-value
(Intercept) 1.492 0.757 0.049
Race: African American (vs. others) 0.180 0.061 0.003
CE during follow-up (yes/no) 0.511 0.069 | <0.001
Glaucoma surgery during follow-up (yes/no) 0.195 0.070 0.006
RNFL thinning rate, per 1 um/year more positive 0.057 0.022 0.010
Visit/testing frequency, per 1 times/year higher -0.106 0.054 | o90os0™

Total R% 0.77

*
A positive co-efficient indicates increased RNFLT variability, while a negative co-efficient indicates decreased RNFLT variability.

Abbreviation: CE = cataract extraction, OCT = optical coherence tomography, RNFL= retinal never fiber layer, SE = standard error

*
P-value = 0.0496
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