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Abstract: Objective: To investigate the value of optic disc retinal nerve fiber layer (RNFL) thickness in the diagnosis of
diabetic peripheral neuropathy (DPN). Methods: Ninety patients with type 2 diabetes, including 60 patients without
DPN (NDPN group) and 30 patients with DPN (DPN group), and 30 healthy participants (normal group) were enrolled.
Optical coherence tomography (OCT) was used to measure the four quadrants and the overall average RNFL thick-
ness of the optic disc. The receiver operator characteristic curve was drawn and the area under the curve (AUC) was
calculated to evaluate the diagnostic value of RNFL thickness in the optic disc area for DPN. Results: The RNFL
thickness of the DPN group was thinner than those of the normal and NDPN groups in the overall average ((101.07%
12.40) ym vs. (111.07+6.99) ym and (109.25+6.90) pm), superior quadrant ((123.00+£19.04) um vs. (138.93+14.16) uym
and (134.47+14.34) ym), and inferior quadrant ((129.37£17.50) ym vs. (143.60+£12.22) um and (144.48+14.10) ym),
and the differences were statistically significant. The diagnostic efficiencies of the overall average, superior quadrant,
and inferior quadrant RNFL thicknesses, and a combined index of superior and inferior quadrant RNFL thicknesses
were similar, and the AUCs were 0.739 (95% confidence interval (Cl) 0.635-0.826), 0.683 (95% CI 0.576-0.778),
0.755 (95% CI 0.652-0.840), and 0.773 (95% CI 0.672-0.854), respectively. The diagnostic sensitivity of RNFL
thickness in the superior quadrant reached 93.33%. Conclusions: The thickness of the RNFL in the optic disc can be
used as a diagnostic method for DPN.
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1 Introduction

The prevalence of diabetes mellitus (DM) has
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increased sharply and has become a major public
health problem worldwide. According to the latest
data from the International Diabetes Federation (2019),
the number of people with diabetes in the world
reached 463 million in 2019 and is expected to reach
700 million by 2045. Diabetes-related medical ex-
penditure will reach 958 billion US dollars by 2045
(Cho et al., 2018). Chronic complications of dia-
betes are the main causes of mortality, morbidity, and
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increased expenses for patients. Diabetic peripheral
neuropathy (DPN) is one of the most common chronic
complications of diabetes (Pirart, 1977). DPN not
only severely affects the quality of life and increases
the risk of amputation, but also increases mortality
(Forsblom et al., 1988; Gordois et al., 2003; Seferovic
et al., 2018). However, there has generally been in-
sufficient screening and early diagnosis of DPN in
clinical work (Liu et al., 2010). At present, according
to the consensus of the international expert group of
DPN and Chinese guidelines for the prevention and
treatment of diabetes, five forms of physical exami-
nation for peripheral neuropathy are recommended as
screening methods, but each has defects related to
repeatability and poor sensitivity (Dyck et al., 2010).
Finding a simple, convenient, and sensitive strategy
for screening and diagnosing DPN is a clinical prob-
lem needing to be solved. Binns-Hall et al. (2018)
explored the application of DPN-CHECK (a hand-held
device that measures sural nerve conduction velocity
and amplitude) combined with SUDOSCAN (a device
that measures sudomotor function) for one-stop screening
when patients are waiting for fundus examinations. This
method could significantly improve the screening ef-
ficiency of early DPN, and the sensitivity of screening
can reach 93.2%. SUDOSCAN and DPN-CHECK
have been confirmed as effective tools for screening
and diagnosing DPN in several studies (Smith et al.,
2014; Chatzikosma et al., 2016), but the costs of
equipment and examination using SUDOSCAN have
become an obstacle to clinical application. According
to the global guidelines for the prevention and treat-
ment of diabetes, chronic diabetic complications must
be screened regularly, and diabetic fundus examina-
tion should include optical coherence tomography (OCT)
for macular degeneration or edema assessment. Mod-
ern OCT technology is widely used in clinical practice,
and can quantitatively measure the thicknesses of the
retinal ganglion cell-inner plexiform layer (GCIPL)
and retinal nerve fiber layer (RNFL) in the macular
area (Feng et al., 2018; Lakshmikantha et al., 2018;
Xie et al., 2018; Wang et al., 2018). Some studies
have found that retinal neuropathy is closely related to
peripheral neuropathy and can occur in peripheral
neuropathy diseases such as fibular muscular atrophy
(Botsford et al., 2017). Retinal neurodegeneration has
been reported to occur long before the appearance of
diabetic retinal microvascular injury (Verma et al.,

2009), and can lead to functional defects such as an
abnormal electroretinogram (ERG) (Luu et al., 2010).
Therefore, the application of OCT in the detection of
fundus neuropathy may have reference value for the
diagnosis of DPN. OCT can be carried out during
fundus evaluation in clinical practice, which can sig-
nificantly improve the clinical efficiency. In this
study, OCT was used to measure the thickness of the
RNFL in the optic disc during diabetic fundus screening,
and its diagnostic value for DPN was evaluated. Our
findings provide a new and efficient strategy for the
clinical screening and diagnosis of DPN.

2 Subjects and methods
2.1 Subjects

Patients with type 2 diabetes who were hospi-
talized in the Department of Endocrinology of the
Second Affiliated Hospital of Fujian Medical Uni-
versity (Quanzhou, China) from May 2018 to January
2019 were recruited. According to the inclusion and
exclusion criteria, 90 patients were included in the
study, including 30 patients with DPN (DPN group)
and 60 patients without DPN (NDPN group). In the
same period, 30 age-matched healthy participants
who were examined in the outpatient department of
our hospital were taken as the normal controls (nor-
mal group). All the subjects were Chinese, 30 to
70 years old, with 63 males and 57 females. Type 2
diabetes was diagnosed according to the diagnostic
criteria of the World Health Organization (WHO, 1999).
DPN was diagnosed according to the diagnostic cri-
teria of the American Diabetes Association (ADA)
position statement “Diabetic Neuropathy” (Pop-Busui
etal., 2017).

The inclusion criteria were as follows: (1) pa-
tients with type 2 diabetes who met the diagnostic
criteria of diabetes proposed by the WHO in 1999;
(2) corrected visual acuity of >4.6 (standard loga-
rithmic visual acuity table); (3) diopter of <+3.0 D;
(4) binocular intraocular pressure range of <21 mmHg
(1 mmHg=0.133 kPa), no history of ocular hyperten-
sion; (5) no history of internal eye surgery, laser, or
trauma; (6) no obvious abnormality in the anterior
segment of the eye examined by slit lamp; (7) selec-
tion of the eye on the dominant hand side, and if it did
not meet the standard, the other side was selected. The
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exclusion criteria were: (1) fundus diseases caused by
non-diabetes; (2) fundus examination with an obvious
opacity of refractive media and diseases that could
not be fixed; (3) acute or severe chronic complica-
tions of diabetes; (4) inflammatory or immune dis-
eases, tumors, thyroid diseases, vitamin B deficiency,
history of exposure to poison, or hereditary peripheral
neuropathy.

2.2 Collection of clinical data

Clinical data and biochemical parameters were
collected, including a detailed inquiry and recording
of clinical symptoms of DPN and examination of
the ankle reflex, and sensitivity to acupuncture pain,
vibration, pressure, and temperature. Glycosylated he-
moglobin (HbAlc) was determined by high-performance
liquid chromatography (HPLC; Model: D10, Bole
Co., Ltd., USA).

2.3 Evaluation of DPN

Toronto clinical scoring system (TCSS) score
and grading: clinical symptoms (including foot pain,
numbness, tingling, fatigue, ataxia, and upper limb
symptoms), 1 point for each item; tendon reflex ex-
amination (bilateral knee reflex and ankle reflex),
2 points for no tendon reflex, 1 point for weakened
tendon reflex, 0 point for normal tendon reflex; five
physical examinations (acupuncture sensation, tem-
perature sensation, 10 g nylon filament pressure
sensation, vibration sensation, and position sensation),
1 point for each item. The total possible score was
19 points. TCSS of <5 points indicates no neuropathy,
TCSS of 6-8 points indicates mild neuropathy, TCSS
of 9-11 points indicates moderate neuropathy, and
TCSS of >12 points indicates severe neuropathy
(Perkins et al., 2001).

Measurement of nerve conduction velocity (NCV):
NCV was detected by the same physician, and the
double-blind method was adopted. An electromyography/
evoked potential instrument (No. Keypoint 9033A07,
Focus Company, Denmark) was used for examination.
In a quiet room with a constant temperature of 25 °C,
the patient was in the supine position with limbs fully
exposed and relaxed, and limb temperature was main-
tained at 32-36 °C. The motor conduction velocities
of the median nerve, ulnar nerve, tibial nerve, and
peroneal nerve, and sensory conduction velocities of
the median nerve, ulnar nerve, superficial peroneal
nerve, and sural nerve were measured.

2.4 Ophthalmic examination

The examination was carried out using the double-
blind method.

Best corrected visual acuity (BCVA): all patients
enrolled in the group were tested using the interna-
tional standard visual acuity chart. The diopter of the
patients was measured using an autorefractor (Topcon
KR 800, Topcon Medical Systems Inc., Japan) and
corrected. The visual acuity was converted to the
logarithm of minimal angle resolution (logMAR).

Intraocular pressure: the intraocular pressure of
patients was measured with a noncontact tonometer
(Canon TX-20, Canon Inc., Japan), and the average
value was recorded automatically three times in each eye.

Slit lamp and front lens: a slit lamp (Topcon SL-3G,
Topcon Medical Systems Inc., Japan) was used to
observe the conjunctiva, cornea, anterior chamber,
lens, and vitreous body in turn, excluding the corneal
scar, keratitis, severe lens opacity, vitreous opacity,
and other fundus diseases that may have affected the
results of this study. The pupil was dilated with
compound tropicamide eye drops, and then the fundus
was examined with slit lamp and Volk 90D front lens
(Volk Inc., USA) to rule out retinal diseases caused
by other fundus diseases, such as glaucoma, high
myopia, and age-related macular degeneration.

Fundus photography: all patients in the group
were examined using a fundus camera (Canon CR-2,
Canon Inc., Japan). The pupil was coaxial with the
light, and the patients were told to move the eye in
different directions. The physician then adjusted the
focal length and definition of the image, and selected
the same ideal image as the object of study. The de-
gree of retinopathy was further evaluated by comparison
to the results examined using an anterior endoscope.

OCT: spectral domain optical coherence tomog-
raphy (SD-OCT, Spectralis®, Heidelberg Engineering
Inc., Heidelberg, Germany) was used to scan the
whole macular area of the retina. The following pro-
cedures were used. The subject adopted a sitting po-
sition and placed their mandible on the jaw support at
a suitable height. The subject was told to look at the
green indicator light, and the lens was aimed at the
pupil. The scanning centerline was adjusted to pass
through the fovea center of the macula; the scanning
mode was 768x496 and the scanning range was
scanned with a macular fovea of 30°%25° volume.
The scanning speed was 4000 A/s, and the resolution
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was 5 um longitudinally and 6 pm horizontally. A
total of 61 B-scans were performed, and the mode of
automatic real-time noise reduction was turned on to
ensure that the quality of each scan was above 20 dB.
The follow-up mode was selected and a total of three
scans performed; the first scan was set as the refer-
ence scan. RNFL measurement: we performed circular
scanning of the optic disc with a diameter of 3.46 mm
centered on the optic disc. The RNFL thickness was
measured around the whole optic disc including four
quadrants (superior, nasal, inferior, and temporal)
(Fig. 1a). Scanning was performed three times and the
clearest image with the strongest signal was selected
(Fig. 1b). Four-quadrant RNFL thicknesses and the
overall average RNFL thickness were automatically
analyzed using the analysis software supplied with
the system. This operation was performed by the
same experienced technician.

Fig. 1 Measurement of the RNFL thickness of the optic
disc

(a) Measurement range. S: superior quadrant; N: nasal quadrant;
I: inferior quadrant; T: temporal quadrant. (b) Measurement
of the RNFL thickness of the optic disc by OCT. RNFL: retinal
nerve fiber layer; OCT: optical coherence tomography

2.5 Statistical analysis

SPSS 23.0 statistical software was used. The
data were tested for normality, and those with a
normal distribution were expressed as mean+standard

deviation, while those with a non-normal distribution
were expressed as median (quartile intervals). For
quantitative data with a normal distribution, Student’s
t-test was used to test the significance of differences
between two groups, analysis of variance (ANOVA)
was used among multiple groups, and the least sig-
nificant difference (LSD) test was used for pairwise
comparisons between groups. To measure data with a
non-normal distribution, the Mann-Whitney U non-
parametric test was used between two groups, the
Kruskal-Wallis H nonparametric test was used among
multiple groups, and the Nemenyi test was used for
pairwise comparisons between groups. The qualitative
data were tested by the chi-square test. The receiver
operator characteristic (ROC) curve was drawn using
MedCalc software (Version 19.5.3, MedCalc Soft-
ware Ltd., Belgium) to calculate the area under the
curve (AUC). The efficacies of the overall average,
superior quadrant, and inferior quadrant RNFL thick-
nesses, and combined index of superior and inferior
quadrant RNFL thicknesses in the diagnosis of DPN
were compared. P<0.05 was considered to indicate a
statistically significant difference.

3 Results
3.1 Clinical characteristics of the subjects

There were 30 cases in the normal group with an
average age of (54.27+8.17) years, 60 cases in the
NDPN group with an average age of (51.62+9.87) years,
and 30 cases in the DPN group with an average age
of (55.93£12.46) years (Tables 1 and S1). There were
no significant differences in gender composition, age,
or intraocular pressure among the three groups. The
body mass indexes (BMIs) in the NDPN and DPN
groups were higher than that in the normal group. The
duration of diabetes was longer in the DPN group
than in the NDPN group ((9.37+7.36) years vs. (5.70+
5.29) years, P=0.008). HbA1c was higher in the DPN
group than in the NDPN group ((8.56+2.60)% vs.
(8.08+2.30)%, P=0.001), and there was no significant
difference in BMI between these groups. The TCSS
score was higher in the DPN group than in the NDPN
group ((6.00+3.66) points vs. (1.00+1.64) points,
P<0.001). The conduction velocity velocities of the
motor nerve and sensory nerve were significantly
lower in the DPN group than in the NDPN group, and
most were lower than the normal value.
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3.2 Comparison of the RNFL thickness in the
optic disc area of the retina

There were no significant differences in tem-
poral quadrant or nasal quadrant RNFL thickness

among the normal, NDPN, and DPN groups (Table 2).

There were significant differences in the overall av-
erage, superior quadrant, and inferior quadrant RNFL
thicknesses. In pairwise comparisons, there were no

significant differences in the overall average, superior
quadrant, or inferior quadrant RNFL thickness between
the NDPN group and the normal group. The overall
average, superior quadrant, and inferior quadrant
RNFL thicknesses were lower in the DPN group than
in the normal group (all P<0.001) and NDPN group
(P<0.001, P=0.001, P<0.001, respectively). Moreover,
the DM patients were re-divided into the TCSS<5
group and the TCSS>5 group. The RNFL thicknesses

Table 1 Clinical characteristics of the subjects in the NDPN, DPN, and normal groups

Clinical characteristics Normal group (»=30)  NDPN group (#=60) DPN group (n=30) P
Male/female 13/17 31/29 19/11 0.295
Age (year) 54.27+8.17 51.62+9.87 55.93+12.46 0.147
Duration of DM (year) 5.70+5.29 9.37+7.36° 0.008
BMI (kg/m®) 22.08+2.00 24.80+3.76" 24.25+3.86° 0.002
HbAlc (%) 4.99+0.60 8.08+2.30° 8.562.60"™ 0.001
DR (%) 0 13.33? 4333 <0.001
logMAR 0.000 (0000, 0.100) 0.000 (0.100, 0.300)  0.050 (0.045, 0.400) 0.025
IOP (mmHg) 12.15(10.24, 17.73) 13.70 (9.41, 17.40) 13.55(9.90, 18.61) 0.401
TCSS 1.00+1.64 6.00£3.66° <0.001
MNCV

Median nerve (m/s) 55.96+3.13 50.48+3.98° <0.001
Proximal ulnar nerve (m/s) 59.08+5.05 53.61+5.98° <0.001
Distal ulnar nerve (m/s) 61.14+7.06 52.14+8.41° <0.001
Tibial nerve (m/s) 47.09+5.09 40.44+5.78° <0.001
Proximal peroneal nerve (m/s) 45.42+2.98 40.93+5.21°¢ <0.001
Distal peroneal nerve (m/s) 49.83+7.64 43.29+9.18° 0.001
SNCV
Median nerve (m/s) 56.07+6.43 45.84+11.25° <0.001
Ulnar nerve (m/s) 56.734+4.03 50.23+5.26° <0.001
Superficial peroneal nerve (m/s) 49.71+5.43 41.71£5.11°¢ <0.001
Sural nerve (m/s) 52.60+6.94 39.21+4.80° <0.001

DPN: diabetic peripheral neuropathy; NDPN: non-DPN; DM: diabetes mellitus; BMI: body mass index; HbAlc: glycosylated hemoglobin;
DR: diabetic retinopathy; logMAR: logarithm of minimal angle resolution; IOP: intraocular pressure; TCSS: Toronto clinical scoring system;
MNCV: motor nerve conduction velocity; SNCV: sensory nerve conduction velocity. * NDPN group vs. normal group, P<0.05; ® DPN group
vs. normal group, P<0.05; ° DPN group vs. NDPN group, P<0.05. Complete nerve electromyography data of the DPN and NDPN groups are
shown in Table S1. Data are expressed as number, percentage, meantstandard deviation, or median (quartile intervals)

Table 2 Comparison of RNFL thickness of the optic disc in the normal, NDPN, and DPN groups

RNFL thickness (um)

Group

Overall average  Superior quadrant

Inferior quadrant

Nasal quadrant ~ Temporal quadrant

Normal (n=30) 111.07+6.99 138.93+14.16 143.60+12.22 81.03+13.00 81.37+11.90
NDPN (n=60) 109.25+6.90 134.47+£14.34 144.48+14.10 80.62+16.46 78.30+12.03
DPN (n=30) 101.07£12.40%® 123.00+19.04° 129.37+17.50°° 73.33+18.86 78.40+14.30
P <0.001 <0.001 <0.001 0.102 0.443

TCSS<5 (n=73) 108.04+9.08 131.95+16.56 142.10£15.52 80.48+17.18 78.30+11.40
TCSS>5 (n=17) 100.00+10.62°F 125.0617.48° 128.06:+17.93¢ 68.35+15.95°" 78.47+17.87
P <0.001 0.017 0.002 0.016 0.443

RNFL: retinal nerve fiber layer; DPN: diabetic peripheral neuropathy; NDPN: non-DPN; TCSS: Toronto clinical scoring system. * NDPN
group vs. normal group, P<0.05; ° DPN group vs. normal group, P<0.05; *DPN group vs. NDPN group, P<0.05; * TCSS<5 group vs. normal
group, P<0.05; ¢ TCSS>5 group vs. normal group, P<0.05;  TCSS>5 group vs. TCSS<5 group, P<0.05. Data are expressed as meanstandard

deviation
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of the normal, TCSS<5, and TCSS>5 groups were
compared. There were no significant differences in
the temporal quadrant among the three groups (P=0.443),
but there were significant differences in the overall
average, nasal quadrant, superior quadrant, and inferior
quadrant. In pairwise comparison, the overall average,
nasal quadrant, and inferior quadrant RNFL thick-
nesses were thinner in the TCSS>5 group than in the
normal group (P=0.001, P=0.005, P=0.001, respectively)
and TCSS<5 group (P=0.001, P=0.006, P=0.001, re-
spectively), but there was no significant difference
in the superior quadrant between the TCSS>5 and
TCSS<5 groups (P=0.116).

3.3 Diagnostic value of optic disc RNFL thickness
for diabetic peripheral neuropathy

The diagnostic values of the overall average, su-
perior quadrant, and inferior quadrant RNFL thicknesses
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and the combined index of the superior and inferior
quadrant RNFL thicknesses were evaluated by calcu-
lating the AUC of the ROC curve (Fig. 2). A com-
parison of the four indexes is shown in Table 3. All
four indexes showed good diagnostic efficiency, and
the AUC of the overall average RNFL thickness for
diagnosing DPN was 0.739 (95% confidence interval
(CI) 0.635-0.826, P<0.001); the sensitivity was 71.67%
and the specificity 75.86%; and the best cut-off value
was 105 pm. The AUC of the superior quadrant RNFL
thickness in the diagnosis of DPN was 0.683 (95% CI
0.576-0.778, P=0.004); the sensitivity was 93.33%
and the specificity 44.83%; the best cut-off value was
116 um. The AUC of RNFL thickness in the inferior
quadrant for diagnosing DPN was 0.755 (95% CI
0.652—-0.840, P<0.001); the sensitivity was 81.67%
and the specificity 68.97%; and the best cut-off value
was 131 pm. The AUC of the combined index of
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Fig. 2 ROC curve of DPN diagnosed by RNFL thickness of the optic disc
(a) Overall average RNFL thickness; (b) Superior quadrant RNFL thickness; (¢) Inferior quadrant RNFL thickness;
(d) Combined index of the superior and inferior quadrant RNFL thicknesses. AUC: area under the curve; ROC: receiver
operator characteristic; DPN: diabetic peripheral neuropathy; RNFL: retinal nerve fiber layer
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Table 3 Comparison of the overall average, superior quadrant and inferior quadrant RNFL thicknesses, and the
combined index of the superior and inferior quadrant RNFL thicknesses in the diagnosis of DPN

RNFL AUC 95% CI Sensitivity (%) Specificity (%)
Overall average 0.739%* 0.635-0.826 71.67 75.86
Superior quadrant 0.683" 0.576-0.778 93.33 44.83
Inferior quadrant 0.755°¢ 0.652-0.840 81.67 68.97
Combined index of the superior 0.773 0.672-0.854 76.67 80.00

and inferior quadrants

RNFL: retinal nerve fiber layer; DPN: diabetic peripheral neuropathy; AUC: area under the curve; CI: confidence interval. * Compared with
superior quadrant RNFL thickness, P>0.05; ® Compared with inferior quadrant RNFL thickness, P>0.05; ¢ Compared with combined index of

the superior and inferior quadrant RNFL thicknesses, P>0.05

superior and inferior quadrant RNFL thickness in the
diagnosis of DPN was 0.773 (95% CI 0.672-0.854,
P<0.001). The four indexes had the same diagnostic
efficacy, RNFL had better sensitivity in the superior
quadrant (up to 93.33%), and the combined superior
and inferior indexes had a specificity of 80.00%.

4 Discussion

This was a cross-sectional study of the diagnos-
tic efficacy of RNFL thickness in the optic disc for
DPN. The results showed that the RNFL thickness of
the optic disc was lower in patients of the DPN group
than in those of the NDPN group and normal controls.
The overall average, superior quadrant, and inferior
quadrant RNFL thicknesses of the optic disc could be
used as indicators for screening and diagnosing DPN.
The superior quadrant RNFL thickness had better
sensitivity (up to 93.33%). The diagnostic efficiency
of the combined index of the superior and inferior
quadrant RNFL thicknesses was similar to those of
the three separate indexes, and had a specificity of
80.00%. The RNFL thickness had a high sensitivity,
but a relatively lower specificity for diagnosing DPN.
The diagnosis of DPN in this study was based on
NCV, which can detect injury to myelinated nerve
fibers such as Ao and A nerve fibers. In contrast, the
retinal nerve fiber is a small unmyelinated nerve fiber.
Most studies have demonstrated that small fiber
neuropathy usually occurs during the early stage of
DPN (Boulton and Malik, 2010; Breiner et al., 2014).

It is generally believed that the optic nerve is a
part of the central nervous system, and the retinal
nerve is closely related to central neuropathy. Retinal
neurodegeneration often occurs in central degenerative
diseases such as Parkinson’s disease, Alzheimer’s

disease, and multiple sclerosis (Yu et al., 2014). Re-
cent studies have found that retinal neuropathy is
closely related to peripheral neuropathy. Some studies
have indicated that in diabetes, retinal neurodegenera-
tive lesion occurs and leads to functional defects and
abnormal ERGs before the occurrence of retinal mi-
crovascular injury (Verma et al., 2009; Luu et al.,
2010). Diabetic retinal neuropathy is associated with
peripheral neuropathy (Shahidi et al., 2012; Sriniva-
san et al., 2016), including visceral autonomic neu-
ropathy (Kim et al., 2016, 2017), although the mecha-
nisms for their injury are different (Lin et al., 2018; Ni
et al., 2020a, 2020b). Therefore, diabetic retinal neu-
ropathy may be used as a basis for the screening and
diagnosis of DPN. Because screening and early diag-
nosis of DPN are generally insufficient in clinical prac-
tice, the development of simple and efficient screen-
ing methods is highly desirable. At present, it is
recommended that the clinical symptoms and physi-
cal examination serve as the main screening method
for DPN. This has the advantage of being practical
and relatively easy, but has the disadvantage of poor
sensitivity and repeatability (Dyck et al.,, 2010).
Binns-Hall et al. (2018) applied DPN-CHECK and
SUDOSCAN as a one-stop screening strategy for
DPN when patients were waiting for fundus exami-
nations. This significantly improved the efficiency of
DPN screening. However, the equipment cost ham-
pers its application in clinical practice. Our study
suggests that OCT, as a routine clinical method for the
evaluation of maculopathy, can be used to evaluate
retinal neuropathy and serve as an efficient method
for DPN screening.

This study revealed that the overall average,
superior quadrant, and inferior quadrant RNFL thick-
nesses were obviously abnormal in the DPN group.
All three indexes and the combination of the superior
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and inferior quadrant RNFL thicknesses had good
diagnostic efficacy for DPN. Some similar results
have been reported in recent years. Shahidi et al.
(2012) found that RNFL thickness was related to the
neuropathy disability score (NDS) in DPN. Sriniva-
san et al. (2016) also found that the overall average,
superior quadrant, and inferior quadrant RNFL thick-
nesses in DPN patients with NDS>3 points were sig-
nificantly thinner than those in patients without DPN.
Some studies have indicated that the RNFL in the
inferior quadrant was significantly thinner in a sub-
clinical DPN group (Li et al., 2016), suggesting that it
might be an early diagnostic index for DPN. Srini-
vasan et al. (2017) suggested that the diagnostic sen-
sitivity of the inferior quadrant RNFL thickness was
69%, the specificity was 80%, and the best cut-off
value was 97 um. The cut-off value was quite dif-
ferent from that in the present study, and was con-
sidered to be related to the race and age of the subjects,
and the design of the research scheme (Alasil et al.,
2013).

The RNFL in the temporal and nasal quadrants
tended to be thinner in the DPN group, but there was
no significant difference among the three groups.
Previous study has shown that the shapes of the four
quadrants of the posterior sieve plate of the human
sclera are significantly different, and the number and
area of the ethmoidal foramen are significantly smaller
in the nasal and temporal quadrants than in the supe-
rior and inferior quadrants, so there are significantly
fewer nerve fiber bundles in the nasal or temporal
quadrant than in the superior or inferior quadrant
(Jonas et al., 1991). A reduced penetration of nerve
fiber bundles indicates that the dynamic range of
measurable RNFL thickness is small, which may
explain the absence of a difference in RNFL thickness
in the temporal and nasal quadrants among the three
groups. In contrast, why multiple sclerosis affects
RNFL mainly in the temporal quadrant is unclear
(Zhang et al., 2018). Whether different pathophysio-
logical mechanisms can lead to morphological changes
in the RNFL in different quadrants at different time
remains to be further studied. The degenerative lesion
of the RNFL in the inferior quadrant was the most
obvious. This was probably because this quadrant has
the densest nerve fibers and most oxygen and blood
flow, and therefore is more likely to be affected by
retinal ischemia and hypoxia caused by microcircu-

latory disorders, metabolic abnormalities, and other
factors (Jonas et al., 1992). Some studies have also
suggested that the RNFL thickness of the macular
fovea is related to DPN, and could predict its occur-
rence (Kim et al., 2018). Taking into account that
diabetic, macular lesions are more obvious and have a
higher diversity, and detection of the optic disc RNFL
thickness is more suitable for clinical application.
However, there are some limitations of this study. The
number of participants is small and the RNFL thick-
ness is affected by many factors such as race, age,
duration of diabetes, and the degree of retinal mi-
croangiopathy. Consequently, these findings must be
verified by multi-center, large-sample, prospective
observation studies.

5 Conclusions

This study explored the use of OCT technology,
a routine clinical method for diabetic fundus screen-
ing, as a means of screening and diagnosing DPN, to
improve the efficiency of clinical DPN screening.
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