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Abstract: Objective: To investigate the changes in ganglion cell layer-inner plexiform layer (GCL-IPL) thickness and
its association with peripheral blood indices in non-proliferative diabetic retinopathy (NPDR). Methods: In this cross-
sectional study, 132 participants were categorized into three groups: 30 healthy volunteers (control group), 50
diabetic patients with non-diabetic retinopathy (NDR group), and 52 patients with NPDR. Optical coherence tomog-
raphy (OCT) was used to measure the retinal nerve fiber layer (RNFL) and GCL-IPL thicknesses in the macula. The
associations between RNFL loss and systemic risk factors for DR, such as diabetes duration, triglyceride (TG), total
cholesterol (TC), high-density lipoprotein (HDL), low-density lipoprotein (LDL), and hemoglobin Alc (HbAlc) were
evaluated. Results: The average, superior, and nasal thicknesses in the NDR and NPDR groups were significantly
thinner compared to the control group (P=0.002, 0.020, 0.090, respectively). Similarly, GCL-IPL thicknesses in the
3 mm and 6 mm zones of the NDR and NPDR groups were thinner than those in the control group (P=0.040, 0.022,
0.037, respectively). Temporal thicknesses in the 3 mm range of the NDR and NPDR groups were also thinner than
in the control group (P=0.010). Superior RNFL thickness was positively correlated with HbA1c (r=0.200, P=0.044),
and negatively correlated with HDL (r=-0.198, P=0.047). The average inferior and nasal GCL-IPL thicknesses were
negatively correlated with TC across the 3 mm zone (r=-0.211, P=0.033; r=-0.224, P=0.023; r=-0.227, P=0.022).
Additionally, the average thickness of GCLIPL in the 6-mm range were positively correlated with the duration of
diabetes (r=0.196, P=0.048). Conclusion: This study demonstrates that dyslipidemia in diabetic patients correlates
with reductions in RNFL and GCL-IPL thicknesses, suggesting a role in the pathogenesis of diabetic retinopathy.
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Introduction research into the pathogenesis of retinal mi-
croangiopathy reveals that abnormal glucose
levels disrupt retinal microcirculation. Key pa-
thologic processes include early blood-retinal
barrier disruption, capillary basement mem-

brane thickening, and retinal cell loss [3].

With ongoing social and economic changes
and increased dietary diversity, diabetes melli-
tus (DM), characterized by chronic hyperglyce-
mia, has emerged as a global health issue sig-
nificantly affecting life in the 21st century.

According to recent statistics from the In-
ternational Diabetes Federation, the number of
individuals aged 20-79 with diabetes in 220
countries and regions is projected to rise from
415 million in 2015 (an 8.8% prevalence rate)
to 642 million by 2040 (a 10.4% prevalence
rate), with about 75% residing in developing
countries [1]. Diabetic retinopathy (DR), affect-
ing up to 53% of individuals with diabetes, is a
significant microvascular complication [2].

Historically, DR has primarily been regarded
as a vascular disorder. However, extensive

Advanced stages involve neovascularization
with clinical manifestations such as retinal
microaneurysms, hard exudates, and small
hemorrhages [4].

Recent animal and histopathologic studies
have indicated that neuronal damage in DR
precedes vascular changes [5]. This damage
includes neuronal apoptosis, loss of retinal gan-
glion cells (RGCs), macrophage-mediated in-
flammation, and thinning of the inner retina [5].
The neurodegenerative aspect of DR primarily
involves RGC damage, detectable in the retinal
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nerve fiber layer (RNFL), ganglion cell layer
(GCL), and inner plexiform layer (IPL), collec-
tively known as the ganglion cell complex.
Optical coherence tomography (OCT) measures
the thickness of these layers to assess RGC
loss [6]. The nerve fibers run parallel to the reti-
nal surface, spread across the retina outside
the fovea, and converge at the optic disc to
form the optic nerve. Loss of ganglion cells thus
leads to RNFL thinning [7].

Consequently, DR should be considered not
only as a microvascular disease but also as a
neurodegenerative disorder. Spectral-domain
OCT (SD-OCT) is a non-invasive, non-contact
method that clearly delineates the ten-layer
retinal structure of the macula, essential for
early DR diagnosis [8]. Recent advancements
in OCT image analysis algorithms now allow for
objective quantification of inner retinal RGC
loss [9].

Several factors, including blood lipid levels and
body mass index, can accelerate the progres-
sion of DR [10, 11]. Dyslipidemia has been rec-
ognized as an independent risk factor for DR
since 2002 [12]. Recent studies have also
linked hypercholesterolemia and hypertriglyc-
eridemia with DR [13]. These risk factors may
contribute to the neurodegenerative changes
observed in the retinas of patients with DR.
Recent research highlights the lipid-lowering
drug Norbert as a promising treatment for
reducing retinal cell death [14].

This study utilized SD-OCT to examine changes
in the thickness of the optic nerve fiber layer
and the GCLIPL in diabetic patients, both
before and after the onset of retinopathy. By
investigating factors associated with mild to
moderate DR and their effects on retinal neuro-
degeneration, this paper provides a new per-
spective for understanding the pathogenesis
of DR’s neurodegenerative changes and for
advancing early clinical diagnosis and treat-
ment.

Materials and methods
Case selection and ethic approval statement

This retrospective cohort study was approved
by the ethics committee of Ningde Municipal
Hospital of Ningde Normal University (approval
number: 201611008). Using the electronic
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medical record system, we identified 102 pa-
tients (102 eyes) diagnosed with non-prolifera-
tive diabetic retinopathy (NPDR) (52 eyes) and
diabetic patients with non-diabetic retinopathy
(NDR) (50 eyes) from July 2017 to July 2018.
Patients were diagnosed based on the Inter-
national Classification of Diabetic Retinopathy
criteria, which relies on postnatal ophthalmos-
copy findings (Table 1) [15]. 30 healthy volun-
teers (30 eyes) were included as a control
group.

Inclusion criteria for NPDR and NDR groups: 1)
Corrected visual acuity >4.6 (standard logarith-
mic visual acuity chart); 2) Spherical equivalent
between -6.00D and +3.00D; 3) Intraocular
pressure between 10 mmHg and 21 mmHg,
with no previous history of high intraocular
pressure and an eye pressure difference <5
mmHg; 4) Diagnosis of type 2 diabetes accord-
ing to the WHO’s 1999 criteria; 5) Availability of
high-quality and complete data.

Additionally, 30 healthy volunteers (30 eyes)
were included as the control group, with the fol-
lowing criteria: 1) Corrected visual acuity >4.9
(standard logarithmic visual acuity chart); 2)
Spherical equivalent between -6.00D and
+3.00D; 3) Intraocular pressure between 10
mmHg and 21 mmHg; 4) with no previous his-
tory of high intraocular pressure, an eye pres-
sure difference <5 mmHg, and no DR or other
fundus diseases.

Exclusion Criteria for all groups: 1) History of
internal eye surgery, laser treatment, or trau-
ma; 2) Refractive media opacities affecting fun-
dus examination or other conditions precluding
stable fixation; 3) Other fundus diseases such
as age-related macular degeneration, macular
edema, high myopia, glaucoma, hypertensive
retinopathy, ischemic optic neuropathy, and
central serous chorioretinopathy; 4) Systemic
diseases such as hypertension and renal insuf-
ficiency; 5) Ocular surface diseases such as
keratitis, corneal scars, and iris adhesions; 6)
Incomplete data.

Data extraction

Subjects underwent vision and intraocular
pressure examinations, slit lamp microscopy of
the anterior segment, and fundus examina-
tions including direct ophthalmoscopy, exami-
nation with a +90D lens, indirect ophthalmos-
copy, and fundus photography. Fluorescein
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Table 1. International clinical non-proliferative diabetic retinopathy grading

Severe condition

Post-delivery ophthalmoscopy

No diabetic retinopathy Normal

Mild non-proliferative diabetic
retinopathy

Only microangioma

Moderate non-proliferative diabetic Not only microangioma but also less extensive lesions compared to those

retinopathy

observed in the severe non-proliferative phase

Severe non-proliferative diabetic One or more of the following criteria: more than 20 intraretinal hemorrhages

retinopathy

in any of the four quadrants; venous beading in more than two quadrants;

evident intraretinal microvascular abnormalities in at least one quadrant,
alongside other signs of non-proliferative diabetic retinopathy

angiography was performed to assess retinal
lesions.

Patient data included gender, age, weight,
duration of diabetes, and levels of glycosylated
hemoglobin (HbA1c), high-density lipoprotein
(HDL), low-density lipoprotein (LDL), total cho-
lesterol (TC), and triglycerides (TG).

Outcome measures

The primary outcomes were inner retinal thick-
ness values and optic disc parameters between
diabetic and healthy eyes. The secondary out-
comes were the correlations of HbAlc levels,
biochemical indicators, and diabetes duration
with the various ocular parameters in diabetic
eyes.

Blood samples were collected after a 6-8 hour
overnight fast, and HbAlc levels were mea-
sured using a BIO-RAD glycated hemoglobin
analyzer (VARIANT Il TURBO). Other lipid-related
profiles were assessed using a Roche automat-
ic biochemical analyzer (Cobas 800).

The Heidelberg Spectralis SD-OCT was used to
analyze the optic disc with a 200200 cube
feature. RNFL thickness was measured using
the RNFL fast scan mode, which involved a cir-
cular scan with a 3.46 mm diameter around the
optic disc, covering all 360°, including the four
quadrants. The scan settings were adjusted to
ensure optimal signal selection, and the sharp-
est image was maintained for analysis. The
RNFL thickness was automatically computed
by the system’s analysis software.

Statistical analysis

Statistical analysis was conducted using SPSS
version 21.0. All measured data were express-
ed as mean + standard deviation (X + sd). The
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analysis included one-way analysis of variance
(ANOVA), chi-square tests, t-tests, and Kruskal-
Wallis H tests for non-parametric data. ANOVA
was specifically applied to assess differences
in RNFL and GCL-IPL thicknesses across the
study groups. Post-hoc tests, including the LSD
test for homogeneous variances and Dunnett’s
T3 test for heterogeneous variances, were uti-
lized as appropriate. Spearman’s correlation
analysis was employed to examine the relation-
ships among the variables. A P-value of <0.05
was regarded as a significant.

Results
Comparison of general data

The basic clinical and laboratory characteris-
tics of the three groups are presented in Table
2. There were no significant differences in gen-
der, age, TC, LDL, BCVA, IOP, or SE among the
three groups (all P>0.050). The DM course pre-
sented significant variations between the NDR
and NPDR groups (P<0.001). Compared to the
control group, TG, HDL, and HbA1c levels in the
NDR group and NPDR group differed signifi-
cantly (P=0.029, P=0.015, P<0.001).

Comparison of the thickness of RNFL

The overall RNFL thickness was significantly
reduced in both the NDR and NPDR groups
compared to the control group. Significant dif-
ferences were observed in the average, superi-
or, and nasal thicknesses (P=0.002, 0.020,
0.009; Table 3). Comparisons between the
NDR group and the control group revealed sig-
nificant differences in average, superior, and
nasal thicknesses (P=0.002, 0.033, 0.030;
Table 3), while comparisons between the NPDR
group and the control group also showed sig-
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Table 2. Comparison of baseline data among three groups

NDR NPDR Control x2/F/t/H P

Gender (n) 2.101 >0.05

Male 27 29 12

Female 23 23 18
Age (year) 55.90+8.06 56.0818.81 54.27+8.17 0.495 0.661
DM course (year) 6.30+4.34 11.42+7.00 0.00+0.00 9.147 <0.001°
HbA1c (%) 7.92+2.01 9.24+2.96 5.50+0.46 26.347 <0.001
TC (mg/dl) 4.89+1.10 4.82+1.48 4.87+0.83 0.262 0.958"
TG (mg/dl) 1.58+1.29 1.80+1.08 1.12+0.69 14.138 0.029"
HDL (mg/dl) 1.21+0.35 1.14+0.43 1.41+0.40 4.332 0.015
LDL (mg/dl) 2.90+0.92 2.84+1.28 2.87+0.77 0.666 0.958"
BCVA (logMAR) 0.08+0.07 0.09+0.08 0.06+0.05 5.321 0.050"
I0P (mmHg) 13.43+2.14 14.16+2.91 13.29+2.42 1.526 0.221
SE (j/D) 1.05+0.59 1.03+0.54 0.92+0.53 0.534 0.588

DM: Diabetes Mellitus; HbAlc: glycosylated hemoglobin; TG: triglyceride; TC: total cholesterol; HDL: high-density lipoprotein;
LDL: low-density lipoprotein; BCVA: Best corrected visual acuity; IOP: Intraocular pressure; SE: Spherical equivalent; NDR: dia-
betic normal retina; NPDR: non-proliferative diabetic retina. Compared with each other by t test, a; *compared with each other

by Kruskal-Wallis H rank sum test.

Table 3. Comparison of one-way analysis of variance between RNFL among three groups

NDR NPDR Control F P P1 P2 P3
G 105+7.23 104.70+10.34 111.26+6.86 6.565 0.002 0.002 0.001 0.860
S 131.26+10.34  129.10+17.60  138.87x14.16  4.007 0.020 0.033 0.006 0.477
N 74.84+10.34 72.73+13.73 80.97+12.90 4.837 0.009 0.030 0.002 0.310
| 136.14+16.90 136.04+20.18  143.53+12.17  2.123 0.124 0.068 0.063 0.977
T 77.76£10.47 81.27+13.48 81.67+11.81 1.443 0.240 0.162 0.886 0.143

G: Average; S: Superior; N: Nasal; I: Inferior; T: Temporal; NDR: diabetic normal retina; NPDR: non-proliferative diabetic retina.

P1: NDR vs. Normal, P2: NPDR vs. Normal group; P3: NDR vs. NPDR.

nificant reductions (P<0.001, 0.006, 0.002;
Table 4).

Comparison of the thickness of GCL-IPL in the
macular area

In the 3 mm and 6 mm zones, and the overall
average of the eye, the GCL-IPL thicknesses in
both the NDR and NPDR groups were signifi-
cantly thinner than in the control group
(P=0.040, 0.022). Within the 3 mm zone, the
superior and temporal thicknesses of the NDR
and NPDR groups were significantly thinner
compared to the control group (P=0.010,
0.037; Table 4). When comparing the NDR
group to the control group, significant differ-
ences were noted in the average thickness and
quadrants of the NPDR group (P=0.012, 0.012,
0.031, 0.035, 0.006). There were also signifi-
cant differences between the NDR and NPDR
groups (P=0.35; Table 5).
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In the 6 mm range, the superior quadrant
showed significant thinning in both the NDR
and NPDR groups compared to the control
group (P=0.037; Table 4). Comparisons among
the groups indicated significant differences in
the superior quadrant (P=0.035, 0.014; Table
6).

Correlation between clinical factors and dia-
betic group optic disc RNFL, macular GCL-ILP

The superior RNFL thickness at the optic disc
area was positively correlated with HbAlc lev-
els, whereas HDL showed a negative correla-
tion; no significant correlations were observed
with other factors (Table 6). Additionally, in the
3 mm range, the overall average, lower, and
nasal thicknesses of the GCL-IPL were nega-
tively correlated with TC, as shown in Table 7.
The average thickness of GCL-IPL in the 6 mm
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Table 4. Comparison of one-way analysis of variance between GCL-IPL thickness among three groups

of macular areas

NDR NPDR Control F P P1 P2 P3

G 77.47+4.86 76.11+4.86 79.07+£5.72 3.296 0.040 0.175 0.012 0.176
3mm

S 90.56+7.38 87.10+£8.79 91.90+8.43 3.937 0.022 0.480 0.012 0.035

N 87.00+9.74 85.71+£12.02 90.90+8.13 2.425 0.093 0.107 0.031 0.532

| 88.06+9.16 85.89+10.41 90.43+7.19 2.327 0.102 0.271 0.035 0.239

T 84.384+9.69 79.96+13.16 87.37+7.88 4.803 0.010 0.355" 0.006" 0.157"
6 mm

S 65.90+5.11 65.44+5.36 68.73+7.28 3.384 0.037 0.035 0.014 0.688

N 72.82+6.97 72.21+7.11 74.30+8.48 0.767 0.467 0.387 0.220 0.678

I 62.00+£6.65 62.63+£7.53 62.631£5.92 0.133 0.876 0.69 0.999 0.641

T 69.06+7.11 69.90+£6.99 66.2+11.61 1.882 0.156  0.556" 0.328" 0.906"

Note: G: Average; S: Superior; N: Nasal; I: Inferior; T: Temporal; NDR: diabetic normal retina; NPDR: non-proliferative diabetic
retina; GCL: ganglion cell layer; IPL: inner plexiform layer. Compared with each other by Dunnett T3 test, “P<0.05; the remain-

der was LSD test. P1: NDR vs. Normal, P2: NPDR vs. Normal, P3: NDR vs. NPDR.

Table 5. Results of Spearman correlation analysis of RNFL in
optic disc area in the NDR and NPDR groups

S N I T G

Age (year)

r value -0.012 0.060 -0.292 0.167  -0.077

P 0.905 0.552 0.003 0.094 0.442
DM course (year)

r value -0.058 0.063 -0.021  0.067 0.009

P 0.566 0.529 0.835 0.506 0.931
HbA1c (%)

r value 0.200 -0.079 0.078 0.065 0.023

P 0.044 0.429 0.434 0.515 0.816
TC (mg/dl)

r value -0.059 -0.002 0.009 0.089 -0.031

P 0.556 0.986 0.927 0.374 0.757
TG (mg/dl)

r value 0.058 -0.054 0.115 0.077 0.021

P -0.561 0.59 0.251 0.441 0.833
HDL (mg/dl)

r value -0.198 0.011 -0.193 0.002 -0.188

P 0.047 0.910 0.052 0.984 0.058
LDL (mg/dl)

r value -0.062 -0.079 0.078 0.065 0.023

P 0.538 0.429 0.434 0.515 0.816

Note: DM: Diabetes Mellitus; HbAlc: glycosylated hemoglobin; TG: triglyceride;
TC: total cholesterol; HDL: high-density lipoprotein; LDL: low-density lipoprotein;
G: Average; S: Superior; N: Nasal; I: Inferior; T: Temporal; NDR: diabetic normal
retina; NPDR: non-proliferative diabetic retina; GCL: ganglion cell layer; IPL: in-

ner plexiform layer.

macular range was positively correlated with

the duration of DM (Tables 6 and 7).
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Discussion

Diabetic retinopathy (DR), a le-
ading cause of vision loss and
blindness among working-age
adults globally, has seen a rising
incidence. The pathogenesis of
DR is not yet fully understood.
Historically, DR was considered
primarily a disease of the re-
tinal microvasculature caused
by impaired glucose tolerance.
However, contemporary resear-
ch has expanded this perspec-
tive, demonstrating that DR also
exhibits characteristics of a neu-
rodegenerative disease [16]. Un-
like glaucoma, a distinct and
prevalent optic nerve degenera-
tive disease within ophthalmolo-
gy [17], DR in its early stages
can manifest characteristic optic
nerve damage. This damage is
similar to that seen in multiple
sclerosis and other neurodegen-
erative diseases like Alzheimer’s
disease [18, 19]. The degenera-
tion in DR predominantly involv-
es apoptosis of RGCs, located
within the layers of the RNFL,
GCL, and IPL, collectively termed
the ganglion cell complex [20].

Currently, the loss of RGCs is primarily assess-
ed using SD-OCT. SD-OCT has been increas-
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Table 6. Results of Spearman correlation analysis of GCL-IPL

early neurodegenerative lesion

in the 3 mm range of the macular area of the NDR and NPDR of DR.

groups )
S N | T G Moreover, the superior and
nasal RNFL were thinner than
Age (year) other sites, consistent with Car-
r value 0.068 0.070 0.077 0.034 0.084 pinto and Lope’s findings that
P 0.494 0.482 0.441 0.735 0.401 microaneurysms and acellular
DM course (year) capillaries are more prevalent
r value 0.089 -0.025 -0.002 -0.024 0.046 in these regions [23, 26]. The
P 0.373 0.800 0.988 0.813 0.649 obstruction and degradation of
HbA1c (%) small blood vessel basemen.t
r value 0.017 0103 -0.053 -0.004 0.032 membranes, exacerbated by hi-
P 0865 0304 0599 0970 0.752 gh blood glucose, may directly
damage retinal nerve cells, par-
TC (mg/dl) ticularly in the superior optic
r value -0.135 -0.152 -0.211 -0.224 -0.227 and macular regions, leading
P 0.176 0.107 0.033 0.023 0.022 to heightened Susceptibi”ty to
TG (mg/dl) damage [27]. Barber et al. noted
r value -0.105 -0.035 -0.074 -0.121 -0.105 an increase in retinal neuronal
P 0292 0725 0.459 0225 0.294 apoptosis in diabetic rats and
HDL (mg/dl) patients_, attri_buted to various
r value 0039 -0.009 -0.014 -0.091 -0.034 factors including axonal degen-
P 0701 0926 0893 0365 0.731 eration due to neurofilament
accumulation, Mduller cell dys-
LDL (mg/d) function, extracellular glutama-
r value -0.1039 -0.146 -0.157 -0.093 -0.136 te excitotoxicity, an imbalance
P 0.301 0.144 0.115 0.353 0.173 of neurotrophic factorsy and

Note: DM: Diabetes Mellitus; HbAlc: glycosylated hemoglobin; TG: triglyceride;
TC: total cholesterol; HDL: high-density lipoprotein; LDL: low-density lipoprotein;
G: Average; S: Superior; N: Nasal; I: Inferior; T: Temporal; NDR: diabetic normal
retina; NPDR: non-proliferative diabetic retina; GCL: ganglion cell layer; IPL: inner

plexiform layer.

ingly utilized for its high resolution and repro-
ducibility, accurately analyzing the GCL as an
advanced retinal imaging technology [21, 22].
This study investigated the associations bet-
ween GCL-IPL and RNFL thickness and diabe-
tes-related risk factors in patients with mild to
moderate NPDR [23].

In this study, SD-OCT was employed to detect
thinning of the RNFL and GCL-IPL in diabetic
patients. Notably, thinning of the RNFL and
GCL-IPL was observed even in the NDR group.
The RNFL was thinner in both the NDR and
NPDR groups compared to the control group,
with significant differences observed in the
superior and nasal quadrants. However, there
was no significant difference between the NDR
and NPDR groups, aligning with findings by
Carpineto and Picconi [20, 23-25]. These stud-
ies suggest that early RNFL thinning in DR may
precede microvascular changes, indicating an
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microglial activation causing in-
ner retinal inflammation [28-31].
Our results largely concur with
those of Carpineto, but we noted
that the GCL-IPL thickness dif-
ferences between the NDR gr-
oup and the control group were statistically
significant except in the 6 mm range [23]. The
directional thickness variation was not signifi-
cant, which may be due to regional and ethnic
differences and an insufficient sample size.
The increased permeability of the internal reti-
nal vascular network, accompanied by slight
thickening and edema of the retinal neuroepi-
thelial surface, may also contribute to edema in
the ganglion cells, thereby countering the thin-
ning induced by RGC loss [21]. This study high-
lights the complex interplay between neurode-
generative and microvascular changes in dia-
betic patients, underscoring the importance of
early detection and management strategies for
DR.

In this study, SD-OCT was used to measure the
thickness of the RNFL and GCL-IPL in the mac-
ula of diabetic patients. The superior RNFL of
the diabetic group showed a positive correla-
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Table 7. Results of Spearman correlation analysis of GCL-IPL
in the 6 mm range of the macular area of the NDR and NPDR

years before an official diagno-
sis, complicating the relation-

groups ship between diabetic duration,
S N T G GCL-IPL, and RNFL changes.
Age (year) Further bgsic research -is negd-
r value 0077 -0.090 -0477 -0.051 -0.069 de?f clarify these relationships

P 0.443 0.368 0.075 0.609 0.490
DM course (year) Recent studies emphasize that
r value 0.048 0.054 0146  0.196 0.123 DR progression is closely linked
P 0633 0591 0143  0.048 0217 to systemic risk factors such as
HbA1c (%) blood lipid levels a_nd gl_ucose.
 value 0.091 0063 0102 -0.008 0.053 Although the relationship bet
ween lipid levels and DR pro-
P 0.362 0.531 0.307 0.938 0.594 gression remains ambiguous,
TC (mg/di) lipid-lowering medications have
rvalue 0.011 -0.089 0.043 0034 0.005 shown promise in delaying DR
P 0.912 0.375 0.670 0.734 0.956 progression and reducing the
TG (mg/dl) need for retinal laser therapy
r value 0.162 0.004 0.011  0.138 0.101 [34]. Potential mechanisms in-
P 0.104 0970 0916 0168 0.311 clude the upregulation of apoli-
HDL (mg/dl) poproteins, enhancing reverse
( value 0131 -0.049 -0.074 0127 -0.116 Cho'eSte“é' ”‘Z”Sport |Witdhi” tze
retina, and reducing lipid-medi-
P 0.190 0.623 0.462 0.203  0.247 ated oxidative stress [35]. Kim
LDL (mg/di) et al. and Yan et al. have found
rvalue -0.020 -0.015 0426 0031 0.041 positive correlations between
P 0.845 0.882 0.207 0.759 0.680 lipid-lowering drugs, high-fat

Note: DM: Diabetes Mellitus; HbAlc: glycosylated hemoglobin; TG: triglyceride;
TC: total cholesterol; HDL: high-density lipoprotein; LDL: low-density lipoprotein;
G: Average; S: Superior; N: Nasal; I: Inferior; T: Temporal; NDR: diabetic normal
retina; NPDR: non-proliferative diabetic retina; GCL: ganglion cell layer; IPL: inner

plexiform layer.

tion with HbA1c levels, whereas the GCL-IPL of
the temporal side in the macular 6 mm range
positively correlated with the duration of DM.
This result contrasts with studies by Shi et al.,
which reported a negative correlation between
upper RNFL thickness, DM duration, and HbA1c
levels [32]. Current consensus acknowledges
that hyperglycemia promotes the progression
of DR, yet the specific role of HbAlc remains to
be fully elucidated [25]. Carpineto et al. sug-
gested that HbA1c levels positively correlate
with average RNFL thickness, noting variability
in correlations based on the duration of diabe-
tes and glycemic control [24]. Van Dijk has
demonstrated a positive correlation between
GCL thickness and the duration of DM [33],
reflecting the complex nature of diabetic pa-
thology in patients. The timing of diabetes diag-
nosis varies, and some patients might have
pre-existing glucose metabolism impairments
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diets, and the thickness of the
GCL-IPL, indicating that elevat-
ed plasma saturated fatty acids
may contribute to insulin resis-
tance and subsequent DR de-
velopment [36, 37]. Elevated
levels of saturated fatty acids, recognized as a
significant metabolic risk factor for DM, have
been linked to increased apoptosis of RGCs
during the onset of DR. These lipid levels are
also implicated in various ocular conditions,
including age-related macular degeneration,
where the composition of drusen deposits in
the retina bears resemblance to that of athero-
sclerosis. Additionally, individuals with Smith-
Lemli-Opitz syndrome are unable to convert
cholesterol due to a deficiency of 7-dehydro-
cholesterol, resulting in reduced levels of cho-
lesterol and the accumulation of precursor
products from toxic cholesterol pathways, lead-
ing to abnormalities in the optic nerve and reti-
na [38, 39].

Our investigation revealed a significant nega-
tive association between TC and GCL-IPL thick-
ness beneath the fovea, as well as a weak
inverse association between HDL and RNFL

Am J Transl Res 2024;16(10):5718-5727



Retinal layer thickness in diabetic retinopathy

thickness, aligning with findings from other
studies [32]. The involvement of liver X receptor
signaling in the retina, which affects cholester-
ol transport proteins and pathways, suggests
that elevated serum lipids may impair endothe-
lial function and provoke inflammatory respons-
es, exacerbating neurodegenerative changes
in the retina [40, 41]. Additionally, a correla-
tion between serum 25-hydroxyvitamin D levels
and RNFL thickness has been observed, linking
dyslipidemia and vitamin D deficiency with reti-
nal thinning [42]. Nevertheless, the manner in
which lipid levels influence the pathological pro-
cess of retinal thickness in diabetic patients,
and whether lipid-regulating drugs can contrib-
ute to reversing this early pathologic process
remain uncertain. Further research is required.

In conclusion, specific lipid metabolic distur-
bances in diabetic patients might play a role in
the observed changes in RNFL and GCL-IPL
thickness, potentially contributing to the patho-
genesis of DR. The effect of lipid levels on reti-
nal thickening and the potential therapeutic
benefits of lipid-lowering medications warrant
further comprehensive study. This research
provides valuable insight for the early dia-
gnosis and longitudinal monitoring of DR
development.
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