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Abstract

e AIM: To investigate the changes of retinal nerve fiber
layer (RNFL) among normal individuals, diabetic patients
without diabetic retinopathy (NDR) and non-proliferative
diabetic retinopathy (NPDR), and explore the possible risk
factors of early diabetic retinopathy (DR).

e METHODS: In this cross-sectional study, 107 participants
were divided in three groups. Totally 31 normal individuals
(control group), 40 diabetic patients without DR (NDR
group) and 36 patients with NPDR (NPDR group) were
included. Optical coherence tomography (OCT) was used
to detect RNFL thickness and other optic disc parameters
among different groups. The potential association between
RNFL loss and systemic risk factors were assessed for
DR, including diabetes duration, body mass index (BMI),
hemoglobin Alc (HbAlc), serum lipids, and blood pressure.
e RESULTS: The average and each quadrant RNFL
thickness were thinner in NPDR group compared to control
group of the right (P=0.00, P=0.01, P=0.01, P=0.02, P=0.04)
and left eyes (P=0.00, P=0.00, P=0.00, P=0.03, P=0.04).
The average, superior and inferior RNFL thickness were
thinner in NDR group compared to the NPDR group of the
right (P=0.00, P=0.02, P=0.03) and left eyes (P=0.00,
P=0.00, P=0.01). Diabetic duration was negatively
correlated with the superior, inferior, and average RNFL
thickness of the right (r=-0.385, P=0.001; r=-0.366,
P=0.001; r=-0.503, P=0.000) and left eyes (r=-0.271,
P=0.018; r=0.278, P=0.015; r=-0.260, P=0.023). HbAlc
was negatively correlated with the superior, inferior, and
average RNFL thickness of the right (r=-0.316 P=0.005;

r=-0.414, P=0.000; r=-0.418, P=0.000) and left eyes (r=
-0.367, P=0.001; r=-0.250, P=0.030; r=-0.393, P=0.000).
Systolic pressure was negatively correlated with the inferior
and average RNFL thickness of the right eye (r=-0.402,
P=0.000; r=-0.371, P=0.001) and was negatively correlated
with the superior and average RNFL thickness of the left eye
(r=-0.264, P=0.021; r=-0.233, P=0.043).

e CONCLUSION: RNFL loss, especially in the superior and
inferior quadrants, may be the earliest structural change of
the retina in diabetic patients, and is also associated with
diabetic duration, HbA1c, and systolic pressure.
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INTRODUCTION

iabetic retinopathy (DR) is the main cause of visual

loss in patients with diabetes mellitus (DM). When
proliferative retinopathy (PDR) and diabetic macular edema
(DME) occur, DR is ineffective in treatment'. Therefore, it is
vital to find a novel way to treat DR in early stages. Various
studies have been made in finding the pathogenesis of DR,
but it still remains unclear””). Retinal neurodegeneration,
including peripapillary retinal nerve fiber layer (RNFL),
has been regarded the earliest pathological of DR, which
is an important part of the inner retinal layers, thinning and
the retinal neuronal cells initiate apoptosis, thus leading to
microvascular problems'*”. These problems ultimately cause
the progression of disease into advanced DR™. Examining
the changes of the RNFL thickness in DM patients can
provide a new way to understand the neurodegeneration
in different stages of DR and diagnose patients with, or at
risk for developing DR. DR is related with many factors,
such as diabetes duration, blood pressure and HbA1c"” "'
These factors can significantly affect the occurrence and
development of DR"'?, These also might contribute in retinal
neurodegeneration of DR and lead to RNFL thinning in DM
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patients'”. However, the role of systemic risk factors in the
pathogenesis of retinal neurodegenerative lesions in DR is
still unclear. Optical coherence tomography (OCT) is a cross-
sectional imaging tool for retina, which can display RNFL
thickness measurements!*'*. Therefore, OCT was used to
measure the RNFL thickness in the optic nerve head of DR
patients at different stages and the normal-age population in
our study. Furthermore, we studied the association between the
systemic factors and RNFL less to make out the risk factors for
the pathogenesis of retina neurodegeneration in patients with
type 2 diabetes.

SUBJECTS AND METHODS

Ethical Approval This cross-sectional study was carried out
at Eye Hospital and Medical Univisity. The procedures adhered
to the tenets of the Declaration of Helsinki and each participant
gave informed consent.

Participants and Grouping This study included 107
participants aged 40 or older from 1% January 2019 to 30" June
2019. The patients were diagnosed with type 2 diabetes for at
least 1y, without DR or with NPDR, with visual acuity of 6/10
or better. Exclusion criteria are as follows: patients diagnosed
with glaucoma or a family history of glaucoma and a cup-
to-disc ratio (C/D) differente between both eyes exceeding
0.2; with a tilted disc, high axial myopia, hypermetropia, any
coexisting neuro-ophthalmic disease or a history; having a
history of refractive surgery or ocular trauma or ocular surgery
or previous laser photocoagulations; with a history of uveitis
or chronic topical steroids users or retinal disease; diagnosed
as type 1 DM. In order to make the study more accurate, we
excluded the possible confounding factor: C/D ratio more than
0.5. Totally 107 participants were divided into three groups: 31
normal individuals (control group), 40 diabetic patients without
DR (NDR group) and 36 patients with NPDR (NPDR group).
All patients were examined by professional ophthalmologists.
Each patient underwent a detailed physical examination.
Vision acuity, best corrected visual acuity, intraocular
pressure, anterior and posterior segment examination, axis
length and fundus examination were examined by the same
ophthalmologist. Peripapillary RNFL less measurements were
taken by using OCT imaging system (NIDEK, RS-3000, OCT)
after pupillary dilation. The superior, inferior, nasal, temporal
and average RNFL thickness were obtained and analyzed.
Laboratory Tests Endocrinologists diagnosed patients with
type 2 DM according to the criteria of diabetes diagnosis
and classification formulated by the Expert Committee'”.
Blood samples were collected in the morning after fasting for
12h. HbAlc, triglycerides (TG) and serum lipid profile total
cholesterol (TC) were measured by automated biochemical
analyzers in clinical laboratories.
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Table 1 Comparisons of characteristics according to DR

Parameters conmel  NDR- NPBR
Participants (n) 31 40 36
Gender (M/F) 15/16 20/20 20/16
Age’ (y) 62.52 62.50 63.94
Diabetes duration (y) - 9.53 15.83
BMI (kg/m’) - 24.54 25.26
HbAlc (%) - 6.91 8.00
Total cholesterol - 5.48 5.39
Triglyceride - 2.01 1.89
Systolic pressure 117.1 130.42
Diastolic pressure 77.03 80.89

DR: Diabetic retinopathy; M/F: Male/Female; BMI: Body mass
index; HbAlc: Glycatede hemoglobin. The data represented as mean
of each group. “Age more than 40y and no other cardiovascular

diseases.

Statistical Analysis We used SPSS V.19.0 for Windows
(SPSS, Chicago, Illinois, USA) for statistical analyses. Data
were presented as meantstandard deviation (SD) of each
group. The mean comparison between groups was analyzed by
variance analysis, and the non-parametric test (Mann-Whitney
U) was used to test the data which did not conform to the
normal distribution. We used Pearson correlation analysis to
explore the relationship between retinal neurodegeneration and
risk factors. It was considered statistically significance when
P<0.05.

RESULTS

Patients Demographics and Clinical Groups There were
107 participants in our study. They were randomly divided into
3 groups: the first group consisted of 31 normal people without
DR (control group), the second group consisted of 40 NDR
patients and the third group consisted of 36 NPDR patients.
The basic clinical and laboratory characteristics of the three
groups were shown in Table 1.

RNFL Thickness in Different Groups The average and each
quadrant RNFL thickness of the right and left eyes were no
significant differences between the control and NDR. However,
there were significant differences in the average and each
quadrant RNFL thickness of the right and left eyes between
the control and NPDR group. There were also significant
differences in the average, superior and inferior RNFL
thickness of the right and left eyes between NDR and NPDR
group (Table 2). The OCT photographs of RNFL thickness
from a typical patient is shown in Figure 1.

Relationship Between RNFL and Systemic Risk Factors
of DR The duration of diabetic was negatively correlated
with the superior, inferior, and average RNFL thickness of the
right and left eyes (Table 3, Figure 2). HbAlc was negatively
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Figure 1 OCT photographs of RNFL thickness from a typical patient Red indicates RNFL thinning, yellow indicates threshold thickness,

green indicates within normal range.

correlated with the superior, inferior, and average RNFL
thickness of the right eye and left eye (Table 3, Figure 3). Systolic
pressure was negatively correlated with the inferior and
average RNFL thickness of the right eye and was negatively
correlated with the superior and average RNFL thickness of
the left eye (Table 3, Figure 4).

DISCUSSION

We studied the changes of RNFL thickness, which are the most
significant structural changes of retinal neurodegeneration at
the earlier stage of DM patients. Our study showed that RNFL
thinning depended on the status of DR and quadrant of the
eyes: the average, inferior quadrant, superior, RNFL in NPDR

group were thinner than that in normal group. However, the
RNFL thickness of average, superior, and inferior quadrant
were no significant differences between control and NDR
group. Systemic risk factors for DR at the earliest stage,
including diabetes duration and systolic pressure, might be
correlated with the occurrence of RNFL loss in the early stage
of type 2 DM patients. In this series, 107 participants have no
abnormal systolic pressure because previous research showed
patients with abnormal systolic pressure had thinner of macular
thickness and RNFL less from OCTA compared with control
group"®. Another research showed RNFL measured values of
83% NPDR with hypertension patients had been affected'”.
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Figure 2 Scatter plot of the correlation between the duration of diabetic and the superior (A), inferior (B), and average (C) RNFL

thickness of the right left eyes (D-F).

Table 2 Peripapillary RNFL thickness of subjects in three groups

mean+SD, pm

Parameters Group 1 control Group 2 NDR Group 3 NPDR P1 P2 P3
Right eye
Average 106.93+0.05 103.31£7.99 92.16+15.90 0.05 0.00 0.00
Superior quadrant 131.39+0.25 131.05+20.77 115.44+32.80 0.07 0.01 0.02
Inferior quadrant 137.00+0.44 132.40+£12.09 116.08+40.55 0.24 0.01 0.03
Nasal quadrant 79.194+0.08 76.63+11.01 69.83+20.82 0.08 0.02 0.12
Temporal quadrant 79.03+£0.67 73.15£14.69 67.28+16.89 0.67 0.04 0.09
Lefteye
Average 105.56+0.06 101.29+11.18 91.60+12.00 0.06 0.00 0.00
Superior quadrant 131.32+0.34 127.05£9.78 114.78+24.84 0.34 0.00 0.00
Inferior quadrant 135.4540.34 133.40+26.07 117.44+22.23 0.34 0.00 0.01
Nasal quadrant 76.65+0.20 71.03+£14.50 66.47+13.21 0.20 0.03 0.16
Temporal quadrant 78.84+0.25 73.7£25.31 67.28+16.89 0.25 0.04 0.24

DR: Diabetic retinopathy; RNFL: Retinal nerve fiber layer. P<0.05 was considered statistically significant. P1: Group 1 vs Group 2; P2: Group 1

vs Group 3; P3: Group 2 vs Group 3.

Our study only focused the changes of RNFL thickness caused
by diabetes and excluded the influence from abnormal systolic
pressure.

Studies have also shown that DR is a cause of microangiopathy,
and cell apoptosis is the cellular pathological basis of DR!"".
In the early stages of DR, the loss of endothelial and pericytes
cells in small vessels is occurred firstly, but DR was diagnosed
by clinician through observing microaneurysm using
funduscopy. However, preclinical DR may be accompanied
by abnormal capillary before the microaneurysm occurrence.
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These changes are followed with ganglion cell loss and
euronal apoptosis. Therefore, RNFL loss or ganglion cells
decreased appeared ahead of microaneurysm appearance. The
thickness of RNFL reflects the survival of ganglion cells">"".
OCT has the characteristics of non-contact, non-invasive, high
resolution, good repeatability and visual observations™™. It can
clearly visualize intraocular tissues, detect tiny retinal lesions,
visually display in vivo, quantitatively analyze RNFL thickness
and detect DR earlier such as abnormalities of the capillaries,

neural apoptosis and ganglion cell loss. In this study, the RNFL
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Figure 3 Scatter plot of the correlation between HbAlc and the superior (A), inferior (B), and average (C) RNFL thickness of the right

left eyes (D-F).

Table 3 Correlation analysis of RNFL thickness with systemic risk factors

Right eye RNFL thickness Left eye RNFL thickness
Parameters
Superior Inferior Nasal Temporal Average Superior Inferior Nasal Temporal Average

Diabetes duration (y), 7  -0.385 -0.366  -0.160 -0.166 -0.503 -0.271 0.278 -0.072 0.016 -0.260
P 0.001 0.001 0.168 0.152 0.000 0.018 0.015 0.539 0.889 0.023
BMI (kg/m®), r 0.045 0.038 -0.12 0.091 0.034 -0.082 0.054 -0.107 -0.067 -0.064
P 0.699 0.746 0.303 0.435 0.768 0.483 0.644 0.360 0.565 0.583
HbAlc (%), r -0.316 -0.414  -0.173 -0.125 -0.486 -0.367 -0.250  -0.210 -0.145 -0.393
P 0.005 0.000 0.135 0.283 0.000 0.001 0.030 0.068 0.210 0.000
Total cholesterol, » 0.079 0.159 0.219 0.053 0.144 0.205 0.184 0.159 0.080 0.182
P 0.497 0.170 0.057 0.648 0.215 0.076 0.111 0.170 0.491 0.115
Triglyceride, » 0.190 0.173 0.077 0.016 0.172 0.205 0.055 0.094 -0.222 0.034
P 0.100 0.136 0.509 0.892 0.137 0.075 0.639 0.417 0.054 0.770
Systolic pressure, » -0.220 -0.402  0.000 -0.109 -0.371 -0.264 -0.172  -0.153 0.002 -0.233
P 0.056 0.000 1.000 0.347 0.001 0.021 0.136 0.187 0.987 0.043
Diastolic pressure, » -0.188 -0.069  -0.124 -0.158 -0.221 -0.186 -0.080  -0.017 -0.105 -0.164
P 0.103 0.557 0.287 0.173 0.055 0.108 0.492 0.885 0.367 0.156

RNFL: Retinal nerve fiber layer. Pearson’s correlation analysis was used to analyze the association between RNFL thinning and systemic risk

factors. P<0.05 was defined as statistically significant.
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Figure 4 Scatter plot of the correlation between systolic pressure and the inferior (A) and average (B) RNFL thickness of the right eyes
and the superior (C) and average (D) RNFL thickness of the left eyes.

thickness was measured by OCT in the optic disc area. The
thickness of RNFL in NPDR group was significantly smaller
than that in normal control group, and there was no significant
difference between NPDR and NDR group. It is suggested that
the thinning of neurofibrous layer occurs in the early stages of DR.
DR is a common complication of diabetes and an important
cause of blindness in diabetic patients. DR is one of the
common complications of DM, and the most important cause
of blindness in DM patients™". Its incidence and blindness
rate are closely related to the course of DM and blood
sugar control, especially the duration of the disease and the
occurrence and development of DR. The study indicated that
the prevalence of DR was 7% within 10y, 63% over 15y and
95% over 30y, suggesting that the prevalence of DR increases
significantly with the prolongation of the duration of DM™,
DR stage is positively correlated with the course of disease,so
the more serious the DR lesion is, the more obvious the retinal
nerve degeneration will be™. Therefore, we speculate that
the thickness of RNFL will gradually become thinner with the
progression of the course of DM. In this study, the relationship
between the duration of DM and the thickness of RNFL around
the optic disc was compared. It was reported that the duration
of diabetic was inversely correlated with the inferior, superior,
and average RNFL less of the right and left eyes. This provided
a basis for clinical treatment, disease monitoring and follow-up

indicators.
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HbATlc is the result of slow glycosylation of protein. It is a
slow and irreversible reaction between some special molecular
parts of hemoglobin and glucose without enzymes. It is formed
by the combination of hemoglobin and glucose. The speed
of its synthesis is positively related to the concentration of
glucose™. The measurement of HbA I¢ storage can be used to
evaluate the long-term glucose metabolism in human bodies.
In addition, HbAlc can also be used as an effective indicator for
screening and diagnosing DM and detecting the control of blood
sugar and the assessment of curative effect”™”. This study found
that HbA I1c was negatively correlated with the average, inferior,
superior RNFL thickness of the right eye. We also found HbAlc
was negatively correlated with the average, inferior superior, nasal
RNFL thickness of the left eye. In earlier studies, it was found
that there was a correlation between peripheral nerve fiber
injury and HbA ¢ level in early diabetic patients®. The results
of this study confirm the previous studies.

The results shows that systolic pressure was negatively
correlated with the inferior and average RNFL thickness of
the right eye. We also found systolic pressure was negatively
correlated with the superior and average RNFL thickness of
the left eye. Normally, the microvascular blood flow around
the optic nerve can be automatically regulated. However,
when DM occurs, the endothelial cells of retinal capillaries
are damaged and the systolic pressure increases, resulting in
retinal hyperperfusion. Excessive perfusion will aggravate
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the damage of capillary endothelial cells, thereby aggravating
retinal microangiopathy and local ischemia and hypoxia. Local
ischemia and hypoxia damage ganglion cells”’*. Therefore,
RNFL thickness around the optic disc decreases, especially in
the densely distributed lower quadrant. This experiment proves
that controlling systolic blood pressure can protect RNFL
under the optic disc from loss, but whether controlling systolic
blood pressure can protect RNFL around the optic disc needs
further experimental studies to verify.
Our study showed that there was no significant relationship
between BMI and RNFL thickness. However, several studies
have shown that BMI is a determinant of DR progression,
so the relationship between BMI and RNFL thickness is still
expected to be further analyzed by more rigorous large-scale
experiments to eliminate the interference of related factors™,
It was also found that there was no significant relationship
between cholesterol, triglyceride and RNFL thickness.
However, our study have some limitations. First, due to
incomplete data collection, there is no statistical analysis of
RNFL thickness and visual acuity. Our future research will
study.this factor. Second, we did not include medication history
for diabetes. Diabetic drugs may be another factor affecting
our outcomes. Case-control trials of the effects of different
antidiabetic drugs on RNFL loss in DM patients will be helpful
to solve this problem.

In conclusion, the earliest structural change of retinal

degeneration is the loss of RNFL in DR patients, especially

the inferior and superior quadrants. Strict control of glycemia
and systolic pressure may be an effective treatment strategy to
prevent retinal neurodegeneration in DM at early stages.
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