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Abstract

Background Diabetes patients often suffer from diabetes keratopathy in the course of their illness. The examination of
corneal endothelium in proliferative diabetic retinopathy (PDR) patients has important clinical significance. Here, we inves-
tigated the effect of PDR on corneal endothelial parameters.

Objective To analyze the associations between corneal endothelial cell parameters and proliferative diabetic retinopathy
(PDR).

Methods We analyzed endothelial cell density (ECD), coefficient of variation in cell size (CV), hexagonality, and neutrophil/
lymphocyte ratio (NLR) in patients with PDR and compared them with age-matched controls. The influences of duration of
diabetes mellitus and level of glycosylated hemoglobin (HbA1c) were also analyzed.

Results The study group included 106 eyes of 106 PDR patients and 85 eyes of 85 control subjects. Significant differ-
ences were found in ECD (2,436.11 +222.08 cells/mm? in PDR, 2527.16 + 191.64 cells/mm? in controls; p<0.05), CV
(41.32+7.40 in PDR, 37.71 +£5.08 in controls; p <0.05), Hex (50.07 +£5.32 in PDR patients, 53.29 +5.73 in controls;
p<0.05), and NLR (2.94 +1.27 in PDR, 2.12+0.56 in controls; p <0.05). In the PDR group, ECD showed a decreasing
trend as age increased (p trend < 0.05), and Spearman’s correlation indicated a significant positive correlation between NLR
and macular thickness (p <0.05).

Conclusions PDR had deleterious effects on the corneal endothelium. PDR patients should undergo a rigorous corneal
assessment to analyze the status of endothelial health, to identify the optimal treatment.

Keywords Proliferative diabetic retinopathy - Corneal endothelial morphology - Diabetes mellitus - Neutrophil/lymphocyte
ratio

Introduction

Diabetes mellitus (DM) has become a global health problem,
affecting an estimated 463 million patients, which is pro-
jected to increase to 700 million patients by 2045 [1]. Dia-
betic retinopathy (DR) is the most common microvascular
complication of DM [2]. Epidemiological surveys showed
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that the global prevalence of DR among DM patients was
recently estimated at 22.3%. Proliferative diabetic retinopa-
thy (PDR) is a late stage of DR, accounting for 6.96% of
DR patients [3]. The main manifestations of PDR are retinal
ischemia, preretinal hemorrhage, vitreous hemorrhage, neo-
vascularization of the optic disc or other sites, and fibrous
proliferation [4-9], and it is the leading cause of acquired
blindness in the working population [2].

As many as 70% of DM patients suffer from diabetes
keratopathy during the course of their illness [10, 11].
Existing evidence indicates that changes in corneal struc-
ture and the biomechanics of DM patients may be potential
biomarkers for the diagnosis of DM and its complications
[12]. Metabolic stress induced by chronic hyperglycemia
can activate a variety of pathological pathways, affecting
cell morphology, cell density, ultrastructure, and barrier
functions and may even change the results of internal eye
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surgery [13—15]. For patients with PDR, in addition to
actively controlling the underlying disease, early inter-
vention and timely treatment such as retinal laser photo-
coagulation therapy, intravitreal injection of anti-vascular
endothelial growth factor (VEGF) drugs, or pars plana
vitrectomy (PPV) are more important [16]. Despite the
controversies, retinal laser photocoagulation therapy,
intravitreal injection of anti VEGF drugs, and intraocu-
lar surgery have all been reported to damage the corneal
endothelium [17-19]. In addition, the prevalence of ante-
rior segment surgery, including cataract surgery, is high
in PDR patients [20]. Therefore, preoperative detection
of corneal endothelial status in PDR patients is of greater
significance.

At present, there is still controversy over whether PDR
affects corneal endothelial-related parameters [21-24]. It is
therefore necessary to clarify possible associations between
corneal endothelial cell parameters and PDR. In this study,
the influence of DM and its duration and hemoglobin
(HbA1c) level on corneal endothelial parameters were iden-
tified, and the relationships between the macular thickness
in PDR patients, neutrophil/lymphocyte ratio (NLR), and
corneal endothelial parameters of PDR patients were inves-
tigated for the first time, which provided guidance and a
theoretical basis for clinical diagnosis and therapy of PDR
patients.

Materials and methods
Study design

This prospective and cross-sectional study was conducted
at the Second Affiliated Hospital of Nantong University
from February 2022 to December 2022. The study pro-
tocol was conducted in accordance with the principles of
the Declaration of Helsinki and was approved by the hos-
pital ethics committee (2021KT004). Referring to previ-
ous relevant research [21], to achieve a power of 80%,
assuming endothelial cell density (ECD) as the main
observation indicator with a two-sided o of 0.05, the
sample size for the research group and control group was
at least 25. To ensure better analyses, more samples were
included in the protocol. All participants were examined
by the same ophthalmologist. Written informed consent
was provided by each participant before the examination,
and after explaining the significance of the study.
Participants in the study included patients with PDR
(PDR group) diagnosed by FFA examinations. The healthy
control subjects were recruited randomly among the patients
who presented to our hospital (control group). Participants
in the control group were non-diabetic subjects at the same
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time period, and two randomized glucose tests were con-
ducted according to the recommendations of the American
Diabetes Association to exclude diabetes that was not found
[25]. Only the right eyes of participants were analyzed.
The presence of type 2 DM (T2DM) was diagnosed by an
endocrinologist. The inclusion criteria were as follows: (1)
age > 40 years and (2) diagnosed as PDR.

Potential factors affecting corneal endothelial health,
including prior ophthalmic surgeries, a history of injection
of intraocular anti-VEGF medications, retinal photocoagula-
tion, severe ocular trauma, prolonged contact lens wearing,
a history of chronic topical ophthalmic drugs, high myopia,
glaucoma, uveitis, corneal endothelial dystrophy, and sys-
temic diseases that impaired tear function were excluded. In
addition, eyes with refractive interstitial opacity that affected
the imaging quality of FFA or OCT and patients with type 1
DM were also excluded. All participants underwent routine
blood tests, and PDR patients additionally underwent gly-
cated hemoglobin tests.

Morphological characteristics of the corneal endothelium,
including ECD, coefficient of variation (CV), and hexago-
nality (Hex), were determined using a non-contact specu-
lar microscope (SP3000P; Topcon, Tokyo, Japan) and were
evaluated in the automatic mode. Three images were taken of
each eye and were analyzed independently using semi-auto-
matic technology, in which the computer program (ImageNet
system, version 3.5.5) automatically outlined the endothe-
lial cells, and we manually examined and rectified them, if
necessary. The average of three measurements was used for
each parameter. Corneal analysis was performed prior to any
therapies for PDR or diabetic macular edema (DME).

PDR was diagnosed by a FFA examination, and the
images were graded according to the international clinical
diabetic retinopathy disease severity scale [6]. The image
of PDR was presented as retinal neovascularization, vitre-
ous hemorrhage, or pre-retinal hemorrhage. For all PDR
patients, optical coherence tomography (OCT) performed
by the same sonographer (OCT Spectralis, Heidelberg
Engineering, Heidelberg, Germany) was used to acquire
19 ultrasound scans and 16 automated real-time scans in a
high-resolution mode in a 20° X 15° (5.9 mm X 4.4 mm) area
centered in the foveal after pupil dilatation.

Statistical analysis

The chi-squared test was used to analyze categorical vari-
ables. The Kolmogorov—Smirnov test was used to test the
normality of parameters. An independent-sample ¢ test was
used for normally distributed data, and the rank sum test
was used for non-normally distributed data, to compare the
PDR and control groups. The polynomial linear correlation
in one-way analysis of variance was used for the trend test
(p trend). Pearson’s correlation test was used to identify
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the relationships between measurement parameters and the
duration of DM, HbA Ic level, and NLR. A value of p <0.05
was considered statistically significant.

Results

A total of 191 participants were enrolled, including 106
PDR patients and 85 controls. The mean age of the PDR
group was 55.81 +5.14 years with 52 females (49.06%) and
54 males (50.94%). The mean duration of diabetic disease
was 10.61 +5.47 years, and the mean level of HbAlc level
was 8.89 +2.16%. The mean age of the control group was
56.32 +8.37 years with 49 females (57.65%) and 36 males
(42.35%). The demographics and age distributions of the
PDR and control groups are shown in Table 1 and showed
no significant difference between two groups in terms of age
(p=0.61) and sex (p=0.24).

Comparisons of corneal parameters between the PDR
and control groups are shown in Table 2. Overall, the
corneal parameters in the PDR and control groups were
significantly different. In the overall comparison and
comparisons with most age groups, the ECD and Hex
were significantly lower in the PDR group than in the
control group (p <0.05), and the CV and NLR were sig-
nificantly greater in the PDR group (p <0.05). Between
the ages of 40 and 50 years in the two groups, there
was no statistically significant difference in ECD and
CV (p=0.85 and p=0.43, respectively). In the con-
trol group, as age increased, ECD and Hex showed a
decreasing trend, while CV showed an increasing trend
(p trend < 0.05). In the PDR group, as age increased,
ECD also showed a decreasing trend (p trend < 0.05),
while Hex and CV showed no change (p trend =0.06 and
0.08, respectively). In both the PDR and control groups,

Table 1 Demographic and baseline characteristics of the PDR and
control groups

Parameters PDR group (n=106) Control group (n=285) p value
Age (years)  55.81x5.14 56.32+8.37 0.61
Sex (F/M) 52/54 49/36 0.24
HbAlc (%)  8.89+2.16 - -
Duration 10.61+5.47 - -
of T2DM
(years)
Age distribution
40-50 25 12 <0.05
51-60 42 58 0.69
60-70 39 15 0.17

p value by chi-square test

PDR proliferative diabetes retinopathy, F/M female/male, HbAlc
hemoglobin Alc, T2DM type 2 diabetes mellitus

as age increased, NLR showed no change (p trend=0.18
and 0.14, respectively).

Within the PDR group (Table 3), a longer duration
of T2DM (> 10 years) was associated with significantly
higher macular thickness (p < 0.05); while the dura-
tions of T2DM and HbAlc levels were not related to
corneal parameters or NLR (p > 0.05). Within the PDR
group (Table 4), Spearman’s correlation was conducted
using the durations of T2DM, HbAlc levels, NLR, and
ophthalmic parameters, which showed that NLR had a
significant positive correlation with macular thickness
(»<0.05).

Discussion

This unique study characterized corneal endothelial cells
and their influencing factors in PDR patients. Compared to
the control group, ECD and HeX were significantly lower
in the PDR group, while the CV and NLR were significantly
greater in the PDR group.

To our knowledge, this was the first prospective study
specifically studying corneal endothelial cell parameters
in PDR patients, based on a relatively large sample size.
Compared with DM patients with NPDR, patients with
PDR are more likely to receive retinal laser photocoag-
ulation, anti-VEGF drug therapy, and PPV [9, 26, 27].
According to previous reports, photocoagulation can
cause loss of corneal endothelial cells, and there was a
correlation between laser energy and a decrease in cor-
neal endothelial cells [17, 28]. Intravitreous injection can
generate sufficient concentrations of anti-VEGF drugs in
the anterior chamber [29, 30], and some anti-VEGF drugs
are believed to reduce corneal endothelial cell density
[18, 31]. In the treatment of vitrectomy, whether it is the
vitrectomy itself, possibly combined with cataract extrac-
tion surgery, or the use of postoperative vitreous cavity
tamponades, all possibilities cause damage to corneal
endothelial cells [32—-34]. The cornea with altered mor-
phology and functionality is susceptible to pathologies like
recurrent corneal erosions, and impaired corneal sensitiv-
ity following trauma or surgical insult, leading to recurrent
ulceration with impaired healing [35-37]. Considering
that an adequate understanding of any potential endothe-
lial dysfunction before treatment may be associated with
more positive treatment outcomes [38], it is clinically
important to analyze the corneal endothelial cell status
in patients with PDR. Given that there are large numbers
of patients with DM and PDR in China [24, 39], informa-
tion on changes in corneal endothelial parameters in PDR
patients may help ophthalmologists to choose appropriate
treatment methods for patients.
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Table2 Age comparisons of

. Age group (years) PDR group (n =106) Control group (n =85) pvalue
the mean values of endothelial
cell density, cell size, and ECD (cel/mm?®)  All age 2436.11£222.08 2527.16+191.64 <0.05
gf;‘bai‘l’cni‘&g;aﬁ;‘;lf;i e 40-50 2625.23+227.43 2609.34+231.83 0.85
and controls across all ages 51-60 2433.02+198.14 2529.36 +185.50 <0.05
(mean+ SD) 60-70 2328.40+168.26 2440.19+152.45 <0.05
2F) 3.92 3.31
p*-value <0.05 <0.05
CV (%) All age 41.32+7.40 37.71+5.08 <0.05
40-50 36.85+6.64 35.10+5.02 0.43
51-60 41.02+7.04 37.84+4.96 <0.05
60-70 44.51+6.80 39.29+5.11 <0.05
X2(F) 1.57 11.40
P*-value 0.06 <0.05
Hex (%) All age 50.07+£5.32 53.29+5.73 <0.05
40-50 53.04+3.45 55.92+3.48 <0.05
51-60 50.71+5.30 53.43+6.18 <0.05
60-70 47.46+£5.22 50.67 +4.34 <0.05
X2(F) 1.49 2.67
p*-value 0.08 <0.05
NLR All age 2.94+1.27 2.12+0.56 <0.05
40-50 3.21+1.03 2.04+0.56 <0.05
51-60 2.64+1.10 2.17+0.53 <0.05
60-70 3.11+1.52 2.02+0.66 <0.05
2 (F) 1.30 1.42
P*-value 0.18 0.14

PDR proliferative diabetes retinopathy, ECD endothelial cell density, CV coefficient of variation, Hex hex-
agonality, NLR neutrophil/lymphocyte ratio. p value by independent t-test

“p value by chi-square test for trend test (p trend)

Since the early 1980s, accumulating studies have been
reported on corneal endothelial morphological changes
in DM patients. Table 5 summarizes the main results of
morphological studies on corneal endothelial cells in

DM patients in recent years, which showed the presence
of some differences. In most studies, compared with the
control group, the ECD of DM patients decreased, and
the course of the disease, HbAlc level, and severity of

Table 3 Comparison of parameters based on the duration of type 2 diabetes mellitus and HbAlc levels

Characteristic Total (n=106) ECD (cell/mm?) CV (%) Hex (%) NLR Macular thickness (pm)
T2DM duration
<10 years 56 (47.2) 2468.03 +254.91 40.43+6.83 50.63 +4.95 3.03+1.30 294.27+102.17
> 10 years 50 (52.8) 2400.37 +174.01 42.32+7.93 49.44+5.69 2.86+1.37 333.15+125.31
t/z t=—-1.61 =132 t=-1.15 t=-0.67 Z=-2.09
p value 0.11 0.19 0.25 0.50 <0.05
HbAlc level
<7.5% 24 (22.6) 2485.82+273.51 40.45+6.12 50.67 +5.88 3.25+1.60 291.84+90.82
>7.5% 82 (77.4) 2421.56+204.31 41.58 +7.75 49.89+5.17 2.86+1.23 318.69+121.11
t/z r=1.07 t=-0.66 t=0.63 =128 Z=-042
p value 0.29 0.51 0.53 0.20 0.68

p value by independent 7 test or Mann Whitney U test

T2DM type 2 diabetes mellitus, HbAIc hemoglobin Alc, ECD endothelial cell density, C'V coefficient of variation, Hex hexagonality, NLR neu-
trophil/lymphocyte ratio
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Table 4 Correlation between measurement parameters and the dura-
tion of type 2 diabetes mellitus, HbAlc levels, and neutrophil/lym-
phocyte ratios

Factors in PDR  ECD (cells/ CV (%) Hex (%) Macular
group mm?2) thickness
(pm)

T2DM duration (years)

R-value -0.16 0.17 -0.13 0.13

p value 0.11 0.09 0.18 0.18
HbAlc level (%)

R-value 0.00 0.00 0.01 -0.02

p value 1.00 099 0.88 0.83
NLR

R-value —-0.04 -0.12  0.03 0.21

p value 0.63 023 0.76 <0.05

p value by Spearman’s rho correlation test

T2DM type 2 diabetes mellitus, HbA lc hamoglobin Alc, NLR neutro-
phil/lymphocyte ratio, PDR proliferative diabetes retinopathy, ECD
endothelial cell density, CV coefficient of variation, Hex hexagonality

retinopathy were significantly related to changes of the
ECD [21, 23, 24, 40, 41]. However, in other studies [22,
42-44], there was no statistically significant difference
in the corneal structures and endothelial characteristics
between DM and non-DM participants. As shown in
Table 5, in studies suggesting that there was no signifi-
cant difference in corneal endothelial cells between DM
patients and non-DM patients, more DM patients without
DR or mild to moderate DR patients were often included
in the study group. We speculated that the change of
corneal endothelium in diabetes patients without DR or
patients with mild to moderate DR may be slight and may
be an important reason for the difference in the above
results. In the present study, stricter inclusion criteria
were used, and only patients with PDR were included in
the study group.

In the overall comparison, and comparisons with most
age groups, the ECD and Hex were significantly lower in
the PDR group than in the control group (p < 0.05), and the
CV and NLR were significantly greater in the PDR group
(» <0.05). These results therefore supported the view that
DM does have an impact on corneal endothelial cells. DR
is the main complication of DM caused by microangiopa-
thy. Due to the common pathophysiological mechanisms of
endothelial injury, such as accumulation of advanced glyca-
tion end products and increased oxidative stress [45, 46],
a connection between DR and corneal endothelial cell loss
should be expected.

In the present study, when we separately analyzed the
corneal morphology of the diabetes group and healthy
eyes, we found that with increasing age, endothelial cells
and Hex cells showed a downward trend, while CV showed

an upward trend (p trend < 0.05) in the control group.
These results were consistent with previous studies [24].
In the PDR group, as age increased, ECD also showed
a decreasing trend (p trend < 0.05), while Hex and CV
showed no obvious change (p trend > 0.05). T2DM dura-
tion tended to show a negative correlation for ECD and
Hex, and a positive correlation for CV, but the difference
was not statistically significant (p > 0.05). Although some
of the results from the PDR group were not completely
consistent with those of other previous studies on DM
patients [21, 41], it was believed to be due to the unique
nature of PDR patients. PDR results from uncontrolled
diabetes [47]. Use of insulin and poly pharmaceuticals has
been associated with poor glycemic control among these
PDR patients with T2DM [48]. There has been insufficient
research on the relationships between corneal endothelial
parameters and drugs and insulin [15, 49]. In addition,
PDR patients have a more complex homeostasis [50, 51].
It is therefore worth determining whether this will affect
corneal endothelial cells by affecting the composition of
the aqueous humor.

The study of NLR in PDR patients in this study was
also important. NLR is a new indicator for many dis-
eases with systemic inflammatory pathophysiology
[52-54]. In the current study, the NLR of the PDR
group was significantly higher than the control group,
indicating the presence of chronic, systemic, and low-
grade inflammations in PDR patients. Consistent with
the study by Ilhan et al. that the NLR of PDR patients
was 2.67 +1.02 [55], the NLR of PDR patients from
our results was 2.94 + 1.27. It was reported that when
the NLR of diabetes patients was 2.11 or higher, there
might be aggravation of DR [55], and a score of 2.26 or
higher was identified as an indicator of DME pathogen-
esis [56]. Within the PDR group, NLR showed a signifi-
cant positive correlation with macular thickness, which
was also consistent with previous research [56]. In brief,
our results showed the importance of NLR as a relevant
indicator for PDR.

There were some limitations to this study. First, this was
a cross-sectional study, so measurements were taken at one
point in time, and not all clinical differences could be pre-
cisely determined, whereas prospective, controlled, and
blind design studies might result in higher quality data inter-
pretation. Second, this study lacked a comparison of corneal
central thickness, as the relationship between corneal thick-
ness and diabetes retinopathy is controversial [57-60] and
some study [60] even suggest that CCT may be the earliest
detectable change in eyes with diabetes. Further research
will be conducted on the above issues. In addition, although
more PDR patients were included, when compared with pre-
vious studies, there was still a mismatch in the 40 —50-year
age group, which may cause bias in the results.
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Conclusion

In conclusion, the present study showed that the ECD and
Hex were significantly lower, while CV and NLR were sig-
nificantly greater in the PDR group, when compared with
the control group. It is therefore necessary to evaluate not
only the retina, but also the corneal endothelial cells during
follow-ups of PDR patients. Overall, PDR patients should
undergo a rigorous corneal assessment to analyze endothe-
lial health status, to determine the optimal treatment.
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