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Abstract

e AIM: To observe morphological optic disc characteristics
in patients with preclinical diabetic retinopathy (DR)
associated with chronic angle-closure glaucoma (CACG).

e METHODS: Twenty-two cases (43 eyes) of preclinical
DR associated with CACG were enrolled in group A; 24
preclinical DR cases (46 eyes) were enrolled in group B;
26 CACG cases (51 eyes) were enrolled in group C; and
49 normal controls (49 eyes) were enrolled in group D. All
underwent optical coherence tomography to measure the
horizontal C/D ratio (HCDR), C/D area ratio (CDaR), vertical
C/D ratio (VCDR), rim area (RA), cup volume (CV), disc area
(DA) and average retinal nerve fiber layer (RNFL) thickness.

e RESULTS: The ages of groups A, B, C, and D were 67.60+3.36,
66.78%3.33, 65.98+3.83, and 67.54+3.17y, respectively. The
HCDR values in groups A, B, and C were distinct relative
to those in group D (P<0.0001, P<0.01, and P<0.05,
respectively). The HCDR values in group A were higher
compared with those in groups B (P<0.0001) and D
(P<0.0001); while these values were virtually identical
statistically between groups A and C (P>0.05). The CDaR
values in group A were higher in comparison to those in
groups B and D (P<0.0001 in both groups); while these
values were virtually identical statistically between
groups A and C (P>0.05). The RA values in group A were
smaller relative to those in groups B and D (P<0.0001
in both groups); while groups A and C were not distinct
statistically (P>0.05). The CV values in group A were
greater in comparison to those in groups B and D (P<0.0001
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in both groups); while groups A and C were not distinct
statistically (P>0.05). DA was not distinct for comparisons
of two groups among the four groups (P>0.05). HCDR
value correlated with mean nasal RNFL thickness (r=-0.909,
P<0.0001), mean superior RNFL thickness (r=-0.866,
P<0.0001), mean inferior RNFL thickness (r=-0.650,
P<0.001) and mean temporal RNFL thickness (r=-0.562,
P<0.01) in group A.

o CONCLUSION: The HCDR was a sensitive morphological
parameter in detecting structural visual disc changes in
preclinical DR associated with CACG, which can reflect
optic nerve damage caused jointly by CACG and diabetes.
A higher HCDR may predict optic nerve atrophy.
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tomography
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INTRODUCTION

n the field of neuro-ophthalmology, it is important to
I detect morphological and structural changes to the optic
disc early and sensitively. Ophthalmologic diseases related
to diabetes mellitus (DM) and glaucoma are substantial
threats to the vision and can even cause blindness. Diabetic
retinopathy (DR), which is associated with genetic factors' ' and

environmental factors”™”?

is one serious complication of DM.
DR will cause the optic nerve head (ONH) to change in the
structural and biochemical characteristics™” and induce retinal
cell injury, both of which can result in substantial damage
to visual function. Glaucoma is a type of neurodegenerative
disease characterized by morphological variations at the
positions of ONH or retinal nerve fiber layer (RNFL) as well
as damage in visual field"”. Since the morphology of the
optic disc can reflect the structure and function statuses of the
optic nerve, we focused on determining indicators that reflect

changes sensitively and effectively.
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In previous studies, morphological ONH indexes were
measured by various means of detection, including Heidelberg
retinal tomography™, stereoscopic optic disc photography,
optical coherence tomography (OCT), scanning laser
polarimetry, a retinal thickness analyzer, a confocal scanning
laser ophthalmoscope, and so on"*". OCT technology
has developed quickly in recent years and features good
repeatability. As a noninvasive examination, OCT can accurately
detect the ONH and early morphological changes in the
211" A1l morphological ONH indexes, such as the
horizontal C/D ratio (HCDR), rim area (RA), vertical C/D ratio
(VCDR), cup volume (CV), C/D area ratio (CDaR), disc area
(DA), and so on, can be detected by using OCT.

At present, there are many reports regarding the use of
OCT in detecting optic disc morphology, both of the ONH

retinal

in glaucoma and in DR. Wang et al''" reported that the
combined detection of optic disc changes and peripapillary
RNFL thickness was very important in the early diagnosis

tevealed that rim

of glaucoma. Moreover, Anton et al'
parameters were lower in patients who suffer from glaucoma
than in normal subjects, and the C/D ratios were higher than in
normal subjects. Furthermore, Pekel ef al''” found that patients
with preclinical DR had a greater C/D ratio and more serious
neurodegeneration injuries to the inner retina than normal
subjects. However, the changes of the optic disc structure in
preclinical DR associated with chronic angle-closure glaucoma
(CACG) remain unclear.

Here, the morphological characteristics of the optic disc in
patients with preclinical DR associated with CACG were
retrospectively analyzed. Morphological optic disc indexes
were detected by OCT, which are significant for the evaluation
of structural integrity, functional status, and the degree of
injury to the optic nerve.

SUBJECTS AND METHODS

Ethical Approval All the patients in this research consented
in a written form. All the processes were conducted as per the
Declaration of Helsinki. The methodology complied with the
Hospital Ethics Committee.

Subjects We consecutively collected cases from the Han
population in northern China from the years of 2015-2018 in
our hospital. Twenty-two cases (43 eyes) with preclinical DR
associated with CACG were enrolled in group A; 24 cases (46
eyes) with preclinical DR were enrolled in group B; 26 cases
of CACG (51 eyes) were enrolled in group C; and 49 normal
cases (49 normal eyes) were enrolled in group D.

Inclusion Criteria Patients with preclinical DR were
included in accordance with these criteria: a fasting blood
glucose >6.1 mmol/L, a 2-hour postprandial blood glucose
>11.1 mmol/L, the course of DM within 10y, and no DR

in either eye. All the patients with DM were type 2. CACG
patients were included in accordance with these criteria: ocular
anatomical characteristics of angle-closure glaucoma, repeated
mild-to-moderate symptoms of elevated intraocular pressure
or no symptoms, a narrow angle and angle closure with high
intraocular pressure, a optic disc similar to that in primary
open angle glaucoma, visual field damage from late-stage
progression, and no sign of ischemic damage caused by acute
ocular hypertension in the anterior segment'”’. Normal cases
were included in accordance with these criteria: no systemic
disease, no history of diseases or history of surgical treatment,
a cylinder correction within £0.5 D, and a spherical refraction
within £0.5 D.
Exclusion Criteria All subjects that met the following
criteria were excluded: mature cataract, corneal opacity,
severe vitreous opacity, high myopia, retinopathy including
DR, primary optic neuropathy, disc neovascularization,
inflammatory ophthalmopathy, systemic collagenous diseases,
ocular trauma history, eye surgery history, and laser treatment
history.
Methods OPTOVUE OCT was used to detect the morphological
parameters of all the observed structures. RTVue-100 spectral-
domain (SD)-OCT (Optovue Inc., Fremont, CA, USA;
software version 4.0.5.39), which included 26 000 axial scans
(A-scans) per second as well as a 5S-mm depth resolution (full-
width half-maximum) in tissue, was utilized to measure the
average peripapillary RNFL thickness and ONH parameters'”.
ONH parameters including the optic DA, neuroretinal RA,
CV, CDaR, HCDR, and VCDR were measured. An RNFL
thickness map was generated based on the measurements
obtained along a circle 3.45 mm in diameter centered on the
optic disc'".
SPSS 17.0 (SPSS Inc, Chicago, USA) was applied to conduct
all the analyses. A P-value less than 0.05 was considered
significant statistically. Data are expressed as the mean+
standard deviation if the data were distributed normally
according to the results of Kolmogorov-Smirnov test.
Comparisons of classification variables (sex) were made by
using the y’ test. One-way analysis of variance (ANOVA)
was used in this study, and Bonferroni correction was used
to compare multiple types of data among the four groups.
Dunnett’s test was applied to compare the normal group
with all the other three groups. For comparisons of two
groups among the four groups, Mann-Whitney U test for
nonparametric data would be adopted if the data were not
distributed normally. The Pearson correlation analysis was
applied in this study to examine the relationships existing
between the ONH parameters and the average RNFL thickness
among the four groups.
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Table 1 The demographics of the enrolled subjects

Preclinical DR associated with

Variables CACG group Preclinical DR group CACG group Normal group
Eyes (n) 43 46 51 49
Male/female (cases) 11/11 12/12 13/13 24/25
Age (y) 67.60+3.36° 66.78+3.33¢ 65.98+3.83¢ 67.54+3.17
Intraocular pressure (mm Hg) 19.44245.199° 13.623+3.376° 18.505+4.028" 15.381+2.117
Spherical equivalent (diopter) 1.009+1.570° -3.54242.009° 0.094+1.616° 0.065+0.723
CACG: Chronic angle-closure glaucoma; DR: Diabetic retinopathy. “P<0.0001,"°P<0.01, °P>0.05 vs normal group.
Table 2 A comparison of optic disc morphological indexes (ONH parameters) among the four groups
Variables Preclin(i:c/ilclz}}{gzri(snsl(;c(izt; d with Preclinical DR group (B) CACG group (C) Normal group (D)
HCDR 0.801+0.185" 0.476+0.160° 0.760+0.179" 0.607+0.267
VCDR 0.756+0.214" 0.754+0.192° 0.448+0.186" 0.490+0.229
CDaR 0.639+0.215" 0.223+0.164" 0.611+0.204" 0.287+0.192
CV (mm’) 0.311+0.227° 0.010+0.005* 0.354+0.281° 0.107+0.130
RA (mm?) 1.158+0.319" 1.622+0.386" 1.064+0.484" 1.539+0.549
DA (mm’) 2.208+0.602" 2.097+0.259" 2.357+0.474" 2.120+0.342
Average RNFL (um) 80.672+£25.697" 106.70211.415¢ 81.415+20.623" 107.602+4.617

CACG: Chronic angle-closure glaucoma; CDaR: Cup-to-disc area ratio; DR: Diabetic retinopathy; CV: Cup volume; DA: Disc area; HCDR:

Horizontal cup-to-disc ratio; ONH: Optic nerve head; RA: Rim area; VCDR: Vertical cup-to-disc ratio, RNFL: Retinal nerve fiber layer.

*P<0.0001,"P<0.01,°P<0.05, ‘P>0.05 vs normal group.

RESULTS
Comparisons of the Age in Group Pairs Among the Four
Groups Among the groups A, B, C, and D, no statistical
difference was found in age between any two groups (P>0.05),
as shown in Table 1.
Comparisons of the Hozizontal Cup-to-disc Ratio Among
the Four Groups The HCDR was significantly distinct
between groups A and D (P<0.0001), groups B and D
(P<0.01), and groups C and D (P<0.05). The HCDR values in
group A were higher in comparison to those in groups B and
D (P<0.0001 in both groups), while groups A and C were not
distinct statistically (P>0.05; Table 2).
Comparisons of the Vertical Cup-to-disc Ratio Among the
Four Groups The VCDR values were significantly distinct
between groups A and D (P<0.0001) and between groups C
and D (P<0.001), but these values were not distinct statistically
between groups B and D (P>0.05). Moreover, the VCDR
values in group A were higher relative to those in groups B
(P<0.0001) and D (P<0.001), but these values were not distinct
statistically between groups A and C (P>0.05; Table 2).
Comparisons of the Cup-to-disc Area Ratio Among the
Four Groups The CDaR values were significantly distinct
between groups A and D (P<0.0001) and between groups C
and D (P<0.001). However, these values were not distinct
statistically between groups B and D (P>0.05). Moreover, the
CDaR values in group A were higher than those in groups B
and D (P<0.0001 in both groups), but these values were not
distinct statistically between groups A and C (P>0.05; Table 2).
270

Comparisons of the Cup Volume Among the Four Groups
The CV values were significantly distinct between groups A
and D (P<0.0001) and between groups C and D (P<0.001);
however, these values were not distinct statistically between
groups B and D (P>0.05). The CV values in group A were
greater than those in groups B and D (P<0.0001 in both
groups), while these values were not distinct statistically
between groups A and C (P>0.05; Table 2).

Comparisons of the Rim Area Among the Four Groups
Statistically significant differences in the RA were found
between groups A and D (P<0.0001) and between groups C
and D (P<0.001); while no difference was found between
groups B and D (P>0.05). Moreover, the RA values in group
A were less relative to those in groups B (P<0.0001) and
D (P<0.01), but no difference was found in the RA values
between groups A and C (P>0.05; Table 2).

Comparisons of the Disc Area Among the Four Groups
The DA values were not significantly distinct between groups
A and D (P>0.05), groups B and D (£>0.05), and groups C
and D (P>0.05). Moreover, these values were not significantly
distinct between groups A and B, groups A and C, or groups A
and D (P>0.05 in the three cases; Table 2).

Correlations Between ONH Parameters and Average
RNFL Thicknesses Among the Four Groups The VCDR,
CDaR, RA, HCDR, and DA values all correlated with average
RNFL thickness (P<0.05) in group A. The DA value was
correlated with that thickness (P<0.05) in group B. The CDaR,
RA, VCDR, CV, HCDR, and DA values all correlated with that
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Table 3 Correlation between ONH parameters and the average RNFL thickness among the four groups

Preclinical DR associated with

Varizbles CACG group (A) Preclinical DR group (B) CACG group (C) Normal group (D)
r P r P r P r P
HCDR -0.668 <0.0001 0.278 >0.05 -0.612 <0.01 -0.034 >0.05
VCDR -0.863 <0.0001 0.033 >0.05 -0.732 <0.0001 -0.253 >0.05
CDaR -0.821 <0.0001 0.136 >0.05 -0.810 <0.0001 -0.326 >0.05
CV (mm) -0.143 >0.05 0.267 >0.05 -0.672 <0.0001 -0.447 <0.01
RA (mm®) 0.780 <0.0001 0.022 >0.05 0.787 <0.0001 0.409 <0.05
DA (mm’) 0.441 <0.05 0.371 <0.05 -0.557 <0.05 -0.145 <0.05

CACG: Chronic angle-closure glaucoma; CDaR: Cup-to-disc area ratio; DR: Diabetic retinopathy; DA: Disc area; CV: Cup volume; HCDR:

Horizontal cup-to-disc ratio; ONH: Optic nerve head; RA: Rim area; VCDR: Vertical cup-to-disc ratio; RNFL: Retinal nerve fiber layer.

Table 4 Correlation between HCDR values and the RNFL thickness of four quadrants in the preclinical DR associated with CACG

group
. Superior quadrant Inferior quadrant Nasal quadrant Temporal quadrant
Variables
r P r P r P r P

HCDR -0.866 <0.0001 -0.650 <0.001 -0.909 <0.0001 -0.562 <0.01
VCDR -0.850 <0.0001 -0.855 <0.0001 -0.908 <0.0001 -0.745 <0.0001
CDaR -0.789 <0.0001 -0.840 <0.0001 -0.873 <0.0001 -0.671 <0.0001
CV (mm’) -0.294 >0.05 -0.109 >0.05 -0.182 >0.05 0.073 >0.05
RA (mm®) 0.764 <0.0001 0.830 <0.0001 0.849 <0.0001 0.626 <0.001
DA (mm’) 0.312 >0.05 0.493 <0.01 0.402 <0.05 0.497 <0.01

CACG: Chronic angle-closure glaucoma; CDaR: Cup-to-disc area ratio; DR: Diabetic retinopathy; DA: Disc area; CV: Cup volume; HCDR:

Horizontal cup-to-disc ratio; RA: Rim area; VCDR: Vertical cup-to-disc ratio; RNFL: Retinal nerve fiber layer.

thickness (P<0.05) in group C. The CV, RA, and DA values all
correlated with that thickness (P<0.05) in group D (Table 3).
Correlation Between HCDR Values and the Mean RNFL
Thickness of Every Quadrant in the Preclinical DR
Associated with CACG Group The HCDR, VCDR, CDaR
and RA values all correlated with the mean RNFL thickness
of nasal quadrant (P<0.0001) in group A. The HCDR, VCDR,
CDaR, and RA values all correlated with that thickness of
superior quadrant (P<0.0001) in group A. The VCDR, CDaR,
RA, HCDR and DA values all correlated with that thickness
of inferior quadrant (P<0.01) in group A. The VCDR, CDaR,
RA, HCDR and DA values all correlated with that thickness of
temporal quadrant (P<0.01) in group A (Table 4).
DISCUSSION

In this study, morphological parameters of the optic disc
were quantitatively analyzed by OCT. OCT can determine
sensitive parameters for the early detection of morphological
and structural changes to the optic disc in the patients with
preclinical DR associated with CACG.

Firstly, we found that the HCDR values were higher in the
patients who suffer from preclinical DR associated with
CACG relative to the controls (P<0.0001). The HCDR values
were lower in the patients with preclinical DR relative to
the controls (P<0.01); and the HCDR values were higher in
the patients with CACG relative to the controls (P<0.05).
Our results agree with that found by Anton et al'™” in which

the HCDR values of patients who suffer from glaucoma
were higher than those of normal individuals. Bellezza et
al"indicated that initial axonal damage to the ONH could
lead to cupping and visual loss caused by retinal ganglion
cell apoptosis. We speculate that early DM and CACG can
jointly cause retinal ganglion cell apoptosis, which eventually
exacerbates cupping and visual field damage. In early DM,
damage to retinal and other neurons has already occurred
before pathological changes occur in the retina. This may be
related to three effects of DM: the loss of ganglion and stellate
cells, the toxic reaction caused by high glucose levels, and
Miiller cell dysfunction"”’. Moreover, retinal ganglion cell
apoptosis caused pathological changes in RNFL thickness and

20]

optic nerve damage in patients with glaucoma™”. This proved
that pathological processes in early DM and CACG could play
a combined role in morphological and structural changes to the
optic disc.

Previous research showed that combining the VCDR and
number of nerve fiber layer neural networks best assessed
neural damage caused by glaucomatous disease with respect
to sensitivity and specificity”. However, we found that the
HCDR value (0.99) was higher than the VCDR value (0.87)
and the CDaR value (0.84) in a patient with preclinical DR
associated with CACG in this study (Figure 1). Furthermore,
the nasal, superior and inferior RNFL thicknesses both
became obviously thinner and the average RNFL thickness
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Figure 1 A higher HCDR indicated optic nerve atrophy in the left eye as well as predicted optic nerve atrophy in the right eye of a

patient with preclinical DR associated with CACG.

did not indicate optic nerve atrophy (Figure 1). We also
found that the HCDR value correlated with average RNFL
thickness (P<0.0001; Table 3) and mean RNFL thickness of
every quadrant (P<0.01) in the patients with preclinical DR
associated with CACG (Table 4). Moreover, we observed that
a higher HCDR might predict optic nerve atrophy in the right
eye of patients with preclinical DR associated with CACG
(Figure 1) and in the left eye of patients with preclinical DR
(Figure 2). Besides, we also found that a higher HCDR might
indicate optic nerve atrophy in the left eye of patients with
preclinical DR associated with CACG (Figure 1) and in the left
eye in patients with CACG (Figure 3). Therefore, we conclude
that a higher HCDR may indicate and predict the occurrence
of optic nerve atrophy. The results in this study prove that the
HCDR was significantly distinct among the other three groups,
which provides a very sensitive parameter in all indicators of
optic disc morphological changes in patients with preclinical
DR associated with CACG. This result is an important
reference value for the early detection of morphological and
structural changes by OCT in patients with preclinical DR
associated with CACG.

Additionally, we found that HCDR and CDaR values were
higher in the group of preclinical DR associated with CACG
relative to the CACG group (P<0.01), and that HCDR and
CDaR values were higher in the CACG group compared with
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the normal group (P<0.01), which agree with those found
by Anton et al'"” in which the HCDR and CDaR values of
patients who suffer from glaucoma were higher than in normal
individuals. It is suggested that the HCDR and CDaR are
important indicators of morphological and structural damage
to the optic nerve in CACG, which may be of great importance in
evaluating the occurrence, development, and prognosis of CACG.
Another discovery in this study was that the differences
between the HCDR, VCDR, CDaR, CV and RA values in the
preclinical DR associated with CACG group and those in the
control group were significant statistically (£<0.0001), which
suggested that the HCDR, VCDR, CDaR, CV and RA, reflect
the degree of optic nerve injury caused jointly by CACG and
DM. Moreover, our research showed that the VCDR in the
preclinical DR group was larger in comparison with the control
group (P>0.05), according to a report by Pekel ez al''®’. Therefore,
the VCDR is a sensitive index that reflects morphological
changes in the optic disc as well as degree of optic nerve injury
caused by DM.

In addition to the above findings, we also revealed that the
RA was greater in patients who suffer from preclinical DR
in comparison with the normal group (P>0.05). It has been
reported that the RA and disc volume of patients with DM
associated with CACG were larger than those of normal

individuals by using a Heidelberg retina analyzer'™. This may
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Figure 2 A higher HCDR might predict optic nerve atrophy in the left eye in patients with preclinical DR.
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Figure 3 A higher HCDR indicated the occurrence of optic nerve atrophy in the left eye in patients with CACG.

be associated with optic nerve swelling, which has a protective ~ Our results are different from the findings of these previous

effect on the optic nerve and RNFL in open angle glaucoma™.  reports; probable reasons may include the different research

273



Indicating and predicting role of HCDR

subjects and testing instruments. We speculate that there is an
association between increased RA values and swelling of the
optic nerve in patients with preclinical DR. Therefore, further
research in a larger sample and different methodological
studies are needed to confirm these findings.

While some new discoveries were made in this study, there
are also some limitations. One is the lack of random sampling,
which may have led to a selection bias; thus, multicenter
research is needed for further confirmation. Next, the sample
size was relatively small. However, these samples were
analyzed with correct statistical methods, and with reliable
results. Larger samples are needed to verify the results in the
patients with preclinical DR associated with CACG or in the
patients with DR associated with CACG. Moreover, only
samples from the Han population in northern China were
selected for this study, which cannot reflect the characteristics
of the general population. More research on morphological
characteristics of the optic disc needs to be performed by experts
in different populations worldwide to confirm the clinical
features in patients with preclinical DR associated with CACG.
In conclusion, the HCDR was a sensitive parameter for the
detection of changes in the visual disc structure and the degree
of damage in patients with preclinical DR associated with
CACG. A higher HCDR can indicate structural changes in the
optic nerve at an earlier time and predict the occurrence of
optic nerve atrophy in these patients. This finding may provide
a reference value for early diagnoses, detections of disease
progression, and prognostic evaluations of DR, glaucoma, and
other neuro-ophthalmic diseases.
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