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Abstract

Purpose—To compare the rates of visual field (VF) loss and retinal nerve fiber layer (RNFL)
thinning in primary open angle glaucoma (POAG) patients with or without type 2 diabetes mellitus
(DM).

Design—Cohort study.

Methods—A total of 197 eyes (55 eyes of 32 POAG patients with DM in POAG/DM group and
142 eyes of 111 age-matched POAG patients without DM in POAG/DM- group) were included
from the Diagnostic Innovations in Glaucoma Study (DIGS). Type 2 DM participants were defined
by self-report of DM history and use of anti-diabetic medication. The rates of VF loss and RNFL
loss were compared in POAG eyes with and without DM using univariate and multivariable mixed
effects models.

Results—The median (interquartile range) follow-up was 5.7 years (4.0, 6.4). The mean rate of
global RNFL loss in the POAG/DM group was 2-fold slower than in the POAG/DM- group overall
(=0.40 um/year vs. —0.83 um/year, respectively 2= 0.01). Although a slower rate of VF mean
deviation and pattern standard deviation loss was found in the POAG/DM group compared to the
POAG/DM- group, the difference was not statistically significant.
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Conclusions—POAG patients with treated type 2 DM, who had no detectable diabetic
retinopathy, had significantly slower rates of RNFL thinning compared to those without diagnosed
DM.

Introduction

Primary open angle glaucoma (POAG) is an optic neuropathy characterized by progressive
structural changes in the optic nerve head, loss of retinal nerve fiber layer (RNFL), and
accompanying damage to the visual field (VF).1 2 To slow disease progression,
identification of risk factors for progression is essential, as it can help determine the strategy
of treatment and the frequency of follow-up. However, the risk factors contributing to
glaucomatous progression have not been fully characterized.?

Elevation of intraocular pressure (I0OP) and impairment of vascular supply to the optic nerve
head (ONH) have both been implicated as having a role in the pathophysiology of POAG.3
In this regard, diabetes mellitus (DM), which has been postulated to be related to both
pathogenic processes,® 4 has been suggested as a plausible risk factor for the development of
POAG. However, there has been a longstanding debate about the role of DM in POAG. The
Ocular Hypertension Treatment Study (OHTS) initially reported that diabetes protects ocular
hypertensive patients against the development of glaucoma after 72 months follow-up,? but
this conclusion was not confirmed by analyses utilizing data with a more detailed
assessment of diabetic status.® In contrast, the Los Angeles Latino Eye Study, a cross-
sectional study, reported higher prevalence of OAG in participants with type 2 DM.” Four
other large multi-centered randomized clinical trials provided inconsistent results.
Associations between POAG and DM were reported in the Advanced Glaucoma Intervention
Study (AGIS) (6 years follow-up, hazard ratio (HR) 1.87 for DM)? and the Collaborative
Initial Glaucoma Treatment Study (CIGTS) (4 years follow-up, HR 1.59 for DM),1 but not
in the Collaborative Normal Tension Glaucoma Study (CNTGS) (5 years follow-up)! or in
the Early Manifest Glaucoma Trial (EMGT) (11 years follow-up).12 Differences in these
results can be attributed in part to the potential differences in DM status of the subjects; none
of the studies directly evaluated diabetic retinopathy (DR) or other diabetic complications.
The stage of POAG may also have possibly affected the findings; more severe disease is
associated with more variable VF test results,13 thus reducing the ability to detect
progression by VFs. It is notable that most related studies, including the ones above, only
focused on the effect of DM on VVF progression, and there is a paucity of information about
both visual field and RNFL thickness in these patients.

Although VF testing is the most widely used method for assessing functional loss, some
patients can show progressive RNFL changes despite the absence of detectable changes on
VF.14 Cross-sectional studies have shown that the mean RNFL was thicker in glaucoma eyes
of diabetic patients than non-diabetic glaucoma eyes, but this did not reach statistical
significance.1® Moreover, diabetes was protective against glaucomatous optic nerve damage
when optic disc topographic parameters, including mean rim area and rim volume, were
considered.18 Overall, DM is not a well understood risk factor and its association with the
progression of POAG is still controversial. Considering the projected increasing global
prevalence of DM (more than 420 million people have diabetes globally)17 and the
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irreversible nature of glaucoma progression, it is important to further clarify the effect of
DM on POAG progression.

The purpose of this study was to evaluate the effect of type 2 DM on glaucoma progression,
both functionally and structurally, by comparing the rate of VF loss and RNFL thinning in
glaucoma eyes with and without type 2 DM.

This was a cohort study. Participants were recruited from the longitudinal Diagnostic
Innovations in Glaucoma Study (DIGS).18 The Institutional Review Boards of the University
of California San Diego approved the protocol, and the methodology adhered to the tenets of
the Declaration of Helsinki for research involving human subjects and to the Health
Insurance Portability and Accountability Act. This study was registered at http://
clinicaltrials.gov (no. NCT00221923) on September 14, 2005. Data included in this
prospective study were from 2008 - 2016. Written informed consent was obtained from all
participants.

Inclusion criteria for DIGS were open angles with gonioscopy, a best-corrected visual acuity
of 20/40 or better, a spherical refraction within +5.0 diopters (D), and cylinder correction
within £3.0 D. Subjects were excluded if they had a history of intraocular surgery (except
for uncomplicated glaucoma and cataract surgery). Subjects with secondary causes of
elevated I0OP, other intraocular eye disease, or other diseases affecting VF or who were using
medications known to affect VVF sensitivity also were excluded. Other information such as
race, age, systemic disease history, non-ocular medication, blood pressure, heart rate, and
central corneal thickness (CCT) was also collected.

For inclusion, POAG patients had reliable (<33% fixation losses and false negative results
and <15% false positive results) and repeatable abnormal Standard Automated Perimetry
was obtained with the Humphrey 24-2 Swedish Interactive Threshold Algorithm (SITA), and
abnormality was based on a Pattern Standard Deviation (PSD) outside the 95% normal limits
and Glaucoma Hemifield Test (GHT) results outside normal limits. DM patients were
defined by consistent self-reported history and their use of anti-diabetic medication. At each
visit, the time of diagnosis and the type of administered drugs was obtained. Type 2 DM was
defined if the participant was 30 years or older when diagnosed with DM.”

Patients’ medication history was confirmed with chart review by an investigator masked to
the RNFL and VF results. DIGS does not include patients with proliferative DR or diabetic
macula edema. Considering evidence showing RNFL thickness changes in early stage DR19
and other retinal diseases, eyes that showed any sign of DR or other retinal diseases (eg,
retinal vein occlusion) determined by fundus examination or spectral domain optical
coherence tomography (SD-OCT) were also not included. In addition, eyes that had retinal
laser treatment were excluded because there would be iatrogenic retinal damage and
iatrogenic visual field abnormalities.
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POAG eyes were divided into 2 groups: those without diabetes (POAG/DM- group) and
those with type 2 DM patients (POAG/DM group). The initial severity of glaucoma was
classified based on the severity of their VF damage at the first visit: mild glaucoma was
defined as mean deviation (MD) better than -6 decibels (dB), moderate glaucoma was
defined as a MD between -6 to -12dB, and severe glaucoma was defined as a MD lower than
-12 dB.20-22

Participants were evaluated every 6 months. At the baseline visit and at each annual follow-
up visit, subjects underwent complete ophthalmologic examination including slit-lamp
biomicroscopy, IOP measurement, dilated stereoscopic fundus examination, and
stereophotography of the optic nerve head. VF testing and SD-OCT was completed at
baseline and every 6 months during follow-up. The SD-OCT was performed either on the
same visit as the VF or within 90 days after the first VF, as well as before the last VF.
Diabetes diagnosis and medication were checked each visit. Subjects who no longer reported
a history of diabetes or use of anti-diabetic medication were excluded. Also, eyes were
excluded during follow-up if they developed DR or other retinal diseases as determined by
fundus examination or OCT exam, or if they had received retina laser treatment.

Standard Automated Perimetry

VF (Humphrey Field Analyzer; Carl Zeiss Meditec, Dubin, CA) tests were completed using
SITA 24-2 strategies during follow-up. The quality of the VVF results was reviewed by the
University of California San Diego Visual Field Assessment Center staff. Only reliable tests
and VFs without rim and eyelid artifacts, evidence of inattention or fatigue effects, and
evidence that the abnormal results of the VF were caused by a disease other than glaucoma
were included.

Spectral-Domain Optical Coherence Tomography

The Spectralis SD-OCT (Spectralis HRA+OCT; Heidelberg Engineering Inc., Heidelberg,
Germany) was used for ONH and macular imaging (software version 5.4.7.0). The
circumpapillary RNFL thickness was measured with parapapillary circle scan. The high
resolution RNFL Circle Scan protocol was used; RNFL measurements were calculated in a
10-pixel-wide band along a circle of 12 degrees centered on the ONH. The acquisition rate is
40,000 A- scans per second at an axial resolution of 3.9 mm and a lateral resolution of 6mm.
The mean RNFL thickness of temporal (316°-45°), temporal superior (46°-90°), nasal
superior (91°-135°), nasal (136°-225°), nasal inferior (226°-270°), temporal inferior (271°-
315°), and global area were provided by the software. The software also provides the quality
score that ranges from 0dB (poor) to 40dB (excellent). All images were processed and
reviewed by the Imaging Data Evaluation and Assessment (IDEA) Center at the University
of California, San Diego. Images with non-centered scans, inaccurate segmentation of the
RNFL that could not be manually corrected, or quality scores of 15 dB or less were excluded
from the analysis.
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Statistical Analysis

Results

Descriptive statistics, including mean, standard deviation (SD), and 95% confidence
intervals (CI) for normally distributed variables, and median, first quartile, and third quartile
for non-normally distributed variables, were computed. Random effects models were used to
estimate the effect of type 2 DM on VF loss and the rate of RNFL thickness change
(POAG/DM group vs POAG/DM- group). First, a two-way interaction model was used to
evaluate whether there was a significant influence of DM on the slope of RNFL and VF loss
over time, without considering other explanatory variables.23 Diabetes, time and their
interaction were the fixed effects in the model with MD and PSD, RNFL thickness the
response with each eye nested within subject as random effects. Akaike information criterion
(AIC) was used to measure the relative appropriateness of each model. Secondly,
multivariate analyses were performed to correct for potential confounding factors, including
age, gender, race, systemic hypertension, mean 10OP during follow-up, and initial MD.

Statistical analyses were performed using statistical software R 3.4.0 (R Foundation for
Statistical Computing, Vienna, Austria) and Stata 14.2 (StataCorp LLC, College Station,
TX). Random Coefficient models were fitted using the Ime4 package and Wald confidence
intervals were calculated for each coefficient. P values less than 0.05 were considered
statistically significant.

Study Population and Baseline Factors

Of the 143 glaucoma patients (197 eyes), 32 (22%) subjects (55 eyes) had type 2 DM. The
two groups of subjects were age-matched. Baseline demographics and ophthalmic
characteristics of the POAG/DM group and the POAG/DM- group are summarized in Table
1. The median (interquartile range, IQR) duration of diabetes of these DM patients was 13
years (8, 19) and all reported using anti-diabetic medicines of insulin and/or metformin.
Some participants with DM were also on other anti-diabetic pills (e.g. glipizide). At
baseline, there was no significant difference between the POAG/DM-and POAG/DM groups
in terms of gender, IOP, mean ocular perfusion pressure (MOPP, 2/3 mean arterial pressure -
IOP), VF MD, VF PSD, global RNFL thickness, axial length, and CCT. The groups differed
by race, and self-reported history of system hypertension; the POAG/DM- group had a
higher proportion of Caucasian and lower incidence of hypertension. Although the
prevalence of self-reported hypertension in the POAG/DM group is higher, the blood
pressure was within normal limits and not different from the POAG/DM- group. According
to initial VF MD, 78.2% and 80.2% of the eyes in POAG/DM group and POAG/DM- group,
respectively, had mild glaucoma. Prior and during the follow-up period, 27.3% and 35.9% of
the eyes in POAG/DM group and POAG/DM- group, respectively, underwent glaucoma
surgery (P=0.24). The median (IQR) number of visits for VF testing was 11 (8, 16), and the
median number of visits with good quality RNFL thickness measurements was similar at 10
(7, 15). The median (IQR) follow-up was 5.7 years (4.0, 6.4) based on SD-OCT visit. There
were no significant differences in the number of VF visits, RNFL thickness measurements or
years of follow-up between the POAG/DM and POAG/DM- groups. As all of these patients
had VF testing before SD-OCT was available, we also completed an analysis using the full
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follow-up time available with VF testing (median (IQR) follow-up of 10.6 years (5.0, 14.8)
and number of visits 19 (11, 25)). The baseline mean VF MDs of this analysis was similar in
the 2 groups, —4.3 dB (95% CI -5.7, =3.0) in POAG/DM group and —4.3 dB (95% CI -5.2,
-3.5) in POAG/DM- group (P=0.99).

Visual Field and Retinal Nerve Fiber Layer Thickness Change

Table 2 summarizes mean univariate rates of change of MD, PSD, global and sectoral RNFL
thickness in POAG/DM- and POAG/DM eyes, and shows the association of type 2 DM with
the VF and RNFL thickness change based on univariate analysis. The POAG/DM had a
slower rate of MD change (—0.21dB/year vs. —0.38dB/year, 0.17 dB/year difference) and
slower rate of PSD change (0.12dB/year vs. 0.23dB/year, 0.11 dB/year difference), but
neither MD slope (p=0.07) or PSD slope (p=0.12) was statistically different between the two
groups. However, the mean rate of global RNFL loss in the POAG/DM group was
significantly slower (—0.40 pm/year) compared to the POAG/DM-group (—0.83 pm/year).
Moreover, in the temporal superior region, the mean rates of RNFL loss in the POAG/DM-
group were approximately four times faster compared to the POAG/DM group (—1.38 pm/
year vs. —0.33 um/year in temporal superior region, £<0.01). The model of global RNFL
comparison had the lowest AIC indicating the most appropriate model. The wide
distribution of the rate of MD change, and global RNFL loss in eyes of POAG/DM- and
POAG/DM group is shown in Figure 1. Differences between POAG/DM- and POAG/DM
eyes in the rates of RNFL loss in other regions (except for temporal superior region) did not
reach statistical significance. In addition, since the mean baseline RNFL thickness was
higher in the nondiabetic group compared to diabetic group (78.8 pm vs. 72.9 um), RNFL
loss rates based on the percent change (%/year) of RNFL thickness also was assessed.
Consistent with the um/year analysis, the mean percent/year rate of global RNFL thinning in
the POAG/DM group was significantly slower (-0.49 %/year) compared to the POAG/DM-
group (=1.13%/year) (P=0.005). In the temporal superior region, the mean percent change
rates of RNFL thickness in the POAG/DM- group and the POAG/DM group were —1.48 %/
year vs. —0.29 %/year (£ <0.001). The model of global RNFL percent change comparison
had the lowest AIC. Given that eyes that had undergone glaucoma surgery would likely have
a slower rate of RNFL loss, the rate of RNFL loss in the POAG/DM- and POAG/DM groups
stratified by glaucoma surgery status also was compared. For both the eyes that had
undergone glaucoma surgery and the eyes that had not undergone glaucoma surgery, the rate
of RNFL thinning was slower in the POAG/DM group compared to the POAG/DM- group
(—0.54 pm/year vs. —=1.06 um/year, P= 0.01, and 0.04 and —0.54 P=0.09 respectively, Table
3).

Table 4 presents the fixed effects from the fitted multivariate mixed effects model, showing
the effects of type 2 DM and other potentially important factors on changes in RNFL
thickness (global and temporal superior regions) over time. Aside from DM, other factors
included in the analysis included age, gender, race, mean 10P during follow-up, initial MD
and hypertension. After adjustment of these factors, the differences in the rate of RNFL loss
in global and temporal superior regions were still statistically significant between the
POAG/DM- and POAG/DM groups. POAG/DM patients had significantly slower rates of
RNFL thickness change compared with POAG/DM- patients (0.46 um/year and 1.19 um/
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year slower thinning in global and temporal superior RNFL thickness respectively; £=0.011
and P=0.001, respectively). In addition to type 2 DM, mean IOP during follow-up was also
associated with rates of global and temporal superior RNFL loss (A=0.001 and ~£=0.007
respectively). Other factors included in the analysis, although associated with RNFL
thickness measurements in some cases, were not significantly associated with the rates of
RNFL loss.

In the analysis of the rate of VVF loss with longer follow-up (median follow-up: 10.6 years)
on the same population, the mean MD slopes were —0.06 dB/year in the POAG/DM group
and —0.19 dB/year in the POAG/DM- group. The POAG/DM group also showed a slower
change in PSD (mean PSD slope 0.03 dB/year in the POAG/DM group vs. 0.13 dB/year in
the POAG/DM- group), but the differences in the rate of MD and rate of PSD change were
not statistically different between the two groups (2 values were 0.14 and 0.21 respectively).

Discussion

Although the eyes of glaucoma patients without type 2 DM were not different than the eyes
of those with type 2 DM with respect to visual field progression, they did show a
significantly faster rate of RNFL thinning. In other words, the RNFL of these type 2 DM
patients without observable DR had a slower rate of thinning than those without type 2 DM,
and the presence of diabetes or its treatment may be protective against RNFL loss in the
former group.

In the current study, eyes in the POAG/DM group had a slower rate of RNFL thinning in
both the global area and the temporal superior region than the eyes in the POAG/DM- group,
regardless of whether the unit of analysis was pum/year or %/year. In addition, eyes of the
POAG/DM group had slower RNFL thinning than those of the POAG/DM- group,
regardless of whether they had undergone glaucoma surgery. The mean global RNFL slope
of the POAG/DM- group (—0.83 um/year) is similar to a recently reported 5 years follow-up
RNFL slope of POAG patients with VF progression (=0.93 um/year), while the mean global
RNFL slope of the POAG/DM group (-0.40 um/year) is similar to that of the VVF non-
progressors (—0.46 pm/year). 24 25 One should keep in mind that the ability to detect
glaucoma progression by VF versus SD-OCT is significantly influenced by the stage of
disease. Eyes with less severe disease at baseline have a higher chance of being detected as
progressing by SD-OCT compared with VF.14 In our study, most of the eyes in both groups
had mild glaucoma with MD > -6dB (POAG/DM group, 78.2%; POAG/DM- group, 80.2%)
at baseline.

One reason that DM has been considered to be associated with POAG is the end-organ effect
of uncontrolled glucose levels. For every 10 mg/dL increase in fasting serum glucose, IOP
increases by 0.09 mmHg in men and 0.11 mmHg in women.28 This highlights the
importance of considering the treatment of DM when addressing the effect of DM on
glaucoma. With comprehensive treatment, type 2 DM patients who can avoid hyperglycemia
may have lower 10P than those with hyperglycemia. On the other hand, the main proposed
mechanism of association between DM and POAG (the so-called neurodegeneration
theory27) is based on the idea that chronic hyperglycemia® 28 can directly harm the retina.2’
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This theory is supported by a previous study that showed that compared to normal eyes,
RNFL thickness was significantly lower in the superior areas in diabetic eyes without DR.2
But, more recent studies reported that there was no significant difference in RNFL thickness
between nondiabetic controls and diabetic patients with no or mild DR.30 Both RNFL
thickness and the number of macular ganglion cells were not correlated with the duration of
type 2 DM and retinopathy, but correlated significantly with the severity of diabetic
polyneuropathy (DPN).31 However, the previous evidence showing ganglion cell damage in
diabetes was collected from type 1 diabetes patients32 and streptozotocin induced diabetic
animal models, a widely studied animal model of type 1 diabetes.?® These results suggest
that the type and overall condition of DM should be considered when evaluating the effect of
DM on POAG.

To characterize the type 2 DM patients in the current study, only those with high awareness
of their diabetes as determined by their persistent self-report of diagnosis time and
medication were included in the study. And, DM patients with DR were excluded from the
study. Moreover, it is notable that most of the DM patients (71.9%) were only using
metformin during the entire follow-up. Metformin is the first line medicine for type 2 DM,
and often is combined with other drugs when hemoglobin A1, is above 7%.17 Therefore, the
participants in the current POAG/DM group can be regarded as a population of well-
controlled type 2 DM patients that have not developed DR.

In the current study, eyes in POAG/DM group showed slower RNFL thinning than those in
the POAG/DM- group. The potential mechanisms of this protective effect against
glaucomatous damage might be indirectly associated with the underlying type 2 DM.
Vascular endothelial growth factor (VEGF) blockade significantly increased neuronal cell
death in an ocular hypertensive glaucoma model.33 But VEGF overexpresses in the diabetic

retina,* which may be a protective strategy of the retina to rescue and protect retinal neurons.
34

The type of anti-diabetic medication, particularly metformin, also may account for the
differences observed between the groups. In the current study, all patients in the POAG/DM
group had been using metformin and/or insulin. As mitochondrial dysfunction and retinal
ganglion cell loss® are both key events of glaucoma pathophysiology, their protection3637
by metformin might have had a salutary effect against glaucoma progression, A retrospective
cohort study showed metformin use was associated with reduction in the risk of developing
OAG.38 In the current study, the global and sectoral RNFL thinning rates between
metformin and non-metformin users in POAG/DM patients were compared to determine if
metformin has a protective effect. However, no significant difference was found (all P vales
>0.1). As most subjects in the POAG/DM group were on metformin (84.4%, solo or
combined), this analysis is limited by the small sample size of the non-metformin users (5
subjects/7 eyes). Indeed, as the first line anti-diabetes medicine, metformin is prescribed to
the majority of the type 2 diabetes patients. Another explanation of these results is related to
a hypothesis by Faiq et al that glaucoma is a brain specific diabetes.3° Based on this theory,
insulin and other antidiabetic pills could be a potential remedy for glaucoma.3° Further
studies are needed to understand whether anti-diabetic medicines are protective against
glaucomatous damage.
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A limitation of the current study relates to the self-report used to classify the diabetic and
control groups as this may have led to information bias. A similar limitation initially arose
with analysis of the OHTS data. The initial OHTS report showed that a history of DM at
baseline appeared to be protective against developing POAG. But after a more complete
assessment of the diabetic status of OHTS, the initial protective effect of self-reported DM
on the development of glaucoma utilizing 3 different definitions of diabetes was not
confirmed.>: 8 Specifically, a history of DM at baseline or follow-up was considered as “high
sensitivity and low specificity”. In contrast, current use of anti-diabetic medication was
deemed as “low sensitivity and high specificity”, and patients reporting dietary treatment of
diabetes were considered “moderate sensitivity and specificity”. As an alternative to self-
report, diabetes-related blood tests also have been used in some studies. However, this too
may introduce bias as they may not be appropriate for confirming a DM diagnosis; the
results could be normal after appropriate treatment. However, by limiting inclusion to
patients on DM medications, the inclusion of non-DM patients in the study as a diabetic is
minimized. To optimize the reliability of self-reported DM in the current study, diabetic
patients were defined as consistently self-reporting a history of type 2 DM, using anti-
diabetic medication, and also specifying diagnosis time and the medicine type at every visit
during follow-up.

Another limitation of this study is that hemoglobin A4 values were not available.
Hemoglobin A1, a measure of glycemic control, reflects only the three-month average
plasma glucose concentration. Many studies, including the current one, have a much longer
follow-up period, so that glycemic control for a large part of the follow-up time would still
not be known unless hemoglobin A;. was measured serially. Moreover, there is
accumulating evidence suggesting that lower glucose levels alone may not predictably
reduce the risk of complications, including retinopathy, and that hemoglobin A;; may not be
a sufficient outcome measure in clinical trials.*? Although hemoglobin A4 values were not
available, the data that were collected is strongly suggestive that the participants in the
current POAG/DM group were well-controlled type 2 DM patients that have not developed
DR.

Some studies have suggested an ethnic difference in the association of diabetes with POAG.3
Race was also included in our model, but no significant racial difference was found in the
rates of VF and RNFL loss. However, there was a small sample size for each racial group in
our study. A larger sample size is needed to clarify this issue.

Another consideration and potential limitation relates to the difficulty in separating the effect
of the treatment from the effect of the disease. Moreover, in patients with progression there
often is additional treatment that may obfuscate the delineation of risk factors. Diabetic
patients may have retinal edema that precedes microaneurysms or other signs of DR, and
that might account for characteristic OCT findings. To best avoid this issue, all DIGS
participants underwent extensive ophthalmological examinations, and eyes with evidence of
diabetic macula edema or any sign of DR were excluded. It should be noted that the patients
in the POAG/DM group did not have DR even with a median diabetes history of 13 years.
DR is related to long diabetes duration and poor glycemic and blood pressure control.4!
Therefore, still another limitation of our study is that there might be selection bias with only
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inclusion of mild or well controlled type 2 DM patients without DR. And, we cannot
extrapolate directly the results of type 2 DM patients in this study to all types of diabetes or
to diabetics with DR. In addition, it is possible that undiagnosed type 2 DM patients might
have been included in the POAG/DM- group, resulting in a misclassification bias which
reduces the likelihood of finding a difference between the groups. If there was
misclassification, however, it is likely our results of significant differences in the rate RNFL
loss may underestimate the difference between patients with and without DM.

In conclusion, although there was no difference in visual field progression between eyes of
POAG patients without and with type 2 DM without detectable diabetic retinopathy, there
was a significantly slower rate of RNFL thickness loss in POAG patient eyes with treated
type 2 DM than those without DM. Our results should be confirmed in a larger longitudinal
study.

Supplementary Material
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Figure 1.
Bar graph showing the distributions of the rates of mean deviation loss and global retinal

nerve fiber layer thinning in eyes of POAG/DM and POAG//DM- patients. MD=mean
deviation; RNFL= retinal nerve fiber layer.
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Baseline Demographics and Ophthalmic Characteristics of POAG/DM and POAG/DM- Group

Table 1

POAG/DM POAG/DM- P value

By Subject (No.) 32 111
Age (yrs) 74.9+1.9 73.8+1.0 0.60
Gender (M/F) 20/12 60/51 0.40
Race, no. (%) <0.001%

Caucasian 11 (34.4%) 84 (75.68%)

African American 17 (53.1%) 13 (11.71 %)

Other 4 (12.5%) 14 (12.61%)
Diabetes history (yrs) 13 (8,19) N/A
Anti-diabetes medicine, no. (%)

Insulin 5 (15.6%) N/A

Metformin 23 (71.9%) N/A

Both 4 (12.5%) N/A
Hypertension, no. (%) 28 (87.5%) 54 (48.7%) <0001~

Diastolic BP (mmHg) 80.5£2.1 80.0£1.2 0.85

Systolic BP (mmHg) 131.7+35 127.5¢1.9 0.28

Mean arterial pressure (mmHg) 97.6+2.4 95.8+1.3 0.52
Heart rate (/min.) 69.8+2.0 66.3+1.1 0.13
By Eye (No.) 55 142
Follow-up (yrs) 6.2 (4.0, 6.6) 5.6 (3.8,6.4) 0.59
Visits of visual fields 12.0 (8.0, 16.0) 11.0 (8.0, 15.0) 0.71
Visits of RNFL circle scans 11.0 (7.8, 15.0) 10.5 (7.0, 15.0) 0.83
MOPP (mmHg) 49.9 (46.5, 53.3) 48.8 (47.0, 50.7) 0.60
Axial Length (mm) 23.8(23.3,24.3) 24.2 (23.9, 24.4) 0.19
CCT (um) 550.3 (537.0, 563.6)  538.8 (531.5, 546.2) 0.14
Initial IOP (mmHg) 18.5 (16.5, 16.8) 18.0 (16.9, 19.1) 0.67
Mean I0P during follow-up (mmHg) 15.7 (14.5, 16.8) 15.2 (14.6, 15.9) 0.53
Initial MD (dB) -45(-5.3, -3.6) -4.7 (6.0, -3.4) 0.80

MD > -6 dB 43 (78.2%) 114 (80.2%)

MD -6~-12 6 (10.9%) 19 (13.4%)

MD < -12 dB 6 (10.9%) 9 (6.3%)
Initial PSD (dB) 5.2 (2.1,8.3) 6.4 (1.3, 4.5) 0.09
Initial global RNFLT (um) 72.9 (70.2, 75.7) 78.8 (74.7, 83.0) 0.06
Glaucoma surgery® no. (%) 15 (27.3%) 51 (35.9%) 0.24
Cataract surgery#, no. (%) 22 (40%) 58 (40.9%) 0.91

Page 14

For normally distributed variables by subject, results are shown in mean * standard deviation; for non-normally distributed variables, results are

shown in mean (interquartile range). Normally distributed variables by eye are shown in mean (95% confident interval).

*
, statistically significant;

#, prior and during follow-up.
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Abbreviations: MOPP=mean ocular perfusion pressure; CCT=central corneal thickness; IOP=intraocular pressure; MD=mean deviation;
PSD=pattern standard deviation; BP=blood pressure; RNFLT= retinal nerve fiber layer thickness; M=male; F=female; yrs=years; POAG/DM=
primary open angle glaucoma eyes with type 2 DM patients; POAG/DM-= primary open angle glaucoma eyes without diabetes.
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Table 4
Effects of Type 2 Diabetes Mellitus and Other Factors on Retinal Nerve Fiber Layer Thickness (multivariate
analysis)

Global RNFLT (um) Temporal Superior RNFLT (um)

Coefficient (95%CI)  Pvalue  Coefficient (95%CI) P value

Intercept 83.85(76.67,91.03)  .ggor* 111.48(99.15,123.80) g o1*
Diabetes -0.42 (-5.92,5.07) 0.880 -2.27 (-11.61, 7.08) 0.635

Time (years) -0.88(-1.34,-0.41)  .ggo1* -2.10(-2.99,-122)  .ggo1*
Age (years) -0.04 (-0.25, 0.18) 0.741 0.24 (-0.13, 0.61) 0.209
Gender (reference, male) -4.46 (-8.63, -0.28) 0.038 % -6.37 (-13.54,0.8) 0.084

VF MD (dB) 1.72 (1.35, 2.09) <0001*  269(201,3.37) <0.001%
Mean 10P during follow-up (mmHg) 0.38 (-0.19, 0.96) 0.195 0.05 (-0.99, 1.09) 0.921

Caucasian (reference, AA) -10.86 (-17.00,-4.72)  ggo1*  —15.23(-25.76,-4.7) 0.005 %
Other race (reference, AA) -8.04 (-16.20, 0.11) 0.055 -8.31 (-22.28, 5.65) 0.246
Hypertension 0.29 (-4.75, 5.32) 0.911 -2.13 (-10.82, 6.56) 0.631

Diabetes x Time 0.46 (0.11, 0.81) 0.011* 1.19 (0.52, 1.85) 0.001*
Age x Time 0.01 (-0.01, 0.02) 0.337 0.01 (-0.02, 0.03) 0.713
Gender x Time 0.01 (-0.27, 0.30) 0.926 -0.13 (-0.67, 0.42) 0.645
VF MD xTime -0.01 (-0.05, 0.02) 0.381 -0.04 (-0.1, 0.02) 0.236

Mean I0OP during follow-up x Time -0.07 (-0.11, -0.03) 0.001* ~0.11(-0.19,-0.03) 0.007%
Caucasian (reference, AA) xTime 0.01(-0.38, 0.41) 0.948 0.61(-0.14, 1.37) 0.116
Other race (reference, AA) x Time -0.05 (-0.59, 0.49) 0.844 -0.08 (-1.11, 0.94) 0.872
Hypertension x Time 0.08 (-0.26, 0.42) 0.651 0.64 (-0.01, 1.3) 0.056

*
, statistically significant in univariate analysis.

Abbreviations: RNFLT= retinal nerve fiber layer thickness; Cl= confidence interval; MD=mean deviation; AA=African American. Multivariate
analysis adjusted for age, gender, ethnicity, hypertension, mean 10P during follow-up, and initial MD.
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