Corneal backscattering in diabetes mellitus

* Clinical Research

Evaluation of corneal backward light scattering in type 2

diabetes mellitus

Amira Elagamy’, Najd Abaalhassan’, Mohamed Berika’

'Department of Optometry and Vision Sciences, College of
Applied Medical Sciences, King Saud University, Riyadh
11433, Saudi Arabia

*Ministry of Health Quality and Patient Safety, Riyadh 11433,
Saudi Arabia

*Rehabilitation Science Department, College of Applied Medical
Sciences, King Saud University, Riyadh 11433, Saudi Arabia
Correspondence to: Amira Elagamy. Department of
Optometry and Vision Sciences, College of Applied Medical
Sciences, King Saud University, P.O. Box 10219, Riyadh
11433, Saudi Arabia. aclagamy@ksu.edu.sa

Received: 2023-05-08 Accepted: 2023-08-11

Abstract

e AIM: To compare the corneal backward light scattering
values in type 2 diabetes mellitus (DM) patients with those
of age and sex-matched healthy controls.

e METHODS: The study included 30 patients (30 eyes)
with type 2 DM and 30 control subjects (30 eyes). Duration
of diabetes, most recent hemoglobin Alc levels, along with
the status of diabetic retinopathy, and existing medical
treatment of all subjects were recorded. All subjects
underwent a complete ophthalmologic examination. In
addition, backward light scattering (densitometry) was
measured to assess changes in corneal transparency using
tomography (Pentacam HR).

o RESULTS: The type 2 DM patients included 12 males
and 18 females and control subjects included 16 males
and 14 females. The age was 50.40+7.80y (range: 40-68y)
of the diabetic group and 49.30+9.50y (rang: 40-73y) of
control group. The diabetic group demonstrated significantly
higher mean densitometry values of the anterior (6-10 mm)
zone (P=0.047), the total anterior layer (P=0.036) and the
total cornea (P=0.043) than control group. The corneal
densitometry of the diabetic eyes demonstrated no
significant correlation with hemoglobin Alc levels and DM
duration.

o CONCLUSION: Diabetic group has higher densitometry
in anterior corneal (6-10 mm) zone, total anterior cornea,
and total cornea and with no correlation with hemoglobin
Alc levels and DM duration.
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INTRODUCTION

t is anticipated that the number of diabetic patients will
I reach almost 552 million by the year 2030"). Saudi
Arabia is considered the second highest in the Middle East
and is the seventh in the world for the frequency of diabetes
mellitus (DM)™. Type 2 DM constitutes about 90% of cases
and is characterized by overweight and insulin resistance"’.
Many studies'*” evaluated the impact of DM on the corneal
endothelium, epithelium, corneal sensitivity and central
corneal thickness. However, a few number of studies!"*"”
investigated the effect of DM on the corneal backward light
scattering and their results were controversial. Yang and Li""”!
showed significantly higher densitometry values in 2 to 6 mm
central zones of total cornea in the diabetic eyes compared

"1 confirmed that

to the control eyes. However, Ramm et al'
the corneal densitometry of all corneal zones of the diabetic
eyes [insulin dependent diabetes mellitus (IDDM) and non-
insulin dependent diabetes mellitus (NIDDM) patients] was
significantly reduced than in the control eyes. Yang and Li""!
found a weak relationship between the existence of DM and
the corneal densitometry at 0 to 2 mm and 2 to 6 mm corneal
zones in the anterior, the posterior and the total corneal depth.
Conversely, Calvo-Maroto et al'” documented no significant
associations between the corneal densitometry of the central
zones (3 and 5 mm) of the diabetic eyes (IDDM and NIDDM

"1 demonstrated a

patients) and DM duration. Ramm et al!
significant negative association between hemoglobin Alc
(HbA1c) value and the densitometry values of the total central
layer (r=-0.424, P=0.044). However, Ozyol et al'™ found no
significant correlation between the total corneal densitometry
and HbAlc levels. Ramm ez al''" confirmed a significant
negative correlation between the densitometry values and the

diabetic retinopathy (DR) staging (r=-0.271, P=0.019). Their
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study documented that the diabetic eyes with maculopathy
showed lower total densitometry values than eyes without
maculopathy. On the contrary, Calvo-Maroto et al'” showed
no significant association between the corneal densitometry of
central zones (3 and 5 mm) of the diabetic eyes (IDDM and
NIDDM patients) and DR staging.

It was established that the Scheimpflug system was superior
in the objective evaluation of back scatter of the entire cornea
compared to confocal microscopy which can assess only a
sample area. In addition, it is a quick, and reliable method for
measuring corneal densitometry!*"*.

The aim of this study was to compare the corneal backward
light scattering values in type 2 diabetic patients with those
of healthy age and sex-matched non-diabetic controls using
Pentacam HR. In addition, the correlation between corneal
backscattering values and DM duration, HbAlc levels, status
of DR was evaluated.

SUBJECTS AND METHODS

Ethical Approval The study was a hospital-based, non-
randomized, case-control, observational and quantitative study.
It got the Institutional Review Board (IRB) approval of Health
Sciences Colleges Research on Human Subjects, College
of Medicine, King Saud University, Riyadh, Saudi Arabia
[30.10.2022 (05.04.1444) Ref. N0.22/0811/IRB]. It adhered to
the tenets of the Declaration of Helsinki. All the participants
signed a comprehensive consent after explanation of the
possible consequences of the study prior to investigations.
Study Design All patients were recruited from Magrabi
Hospital, Riyadh, Saudi Arabia by the non-randomized
convenience sampling method. The diagnosis of type 2 DM
was based on the criteria of the World Health Organization
(WHO)"*!. Control patients did not have DM that was
confirmed by random blood sugar test. The inclusion criterion
was age 40-80y.

The study excluded participants who have history of past
intraocular surgery, previous refractive surgery, contact lens
use within 2wk, corneal abnormalities such as keratoconus,
corneal scarring pathology such as infections, dystrophies,
trauma, ectatic corneal diseases, or age-related corneal
degenerations. Also, patients with intraocular pressure (IOP)
more than 21 mm Hg were excluded in this study.

Age, gender, duration of diabetes, most recent HbAlc, along
with the status of DR, and existing medical treatment were
recorded. All subjects underwent a complete ophthalmologic
examination including visual acuity evaluation utilizing
Snellen chart, refraction using auto-refractometer (Topcon RK-
8800 Autorefractor/keratometer, Japan) and IOP measurement
using air puff tonometer, slit-lamp biomicroscopy, and
fundus examination. If both eyes met the eligibility criteria, a
randomized eye was selected for statistical analysis.

Table 1 Demographics of control and diabetic patients

meanzSD (range)

Variable Diabetic group Control group
Patients/eyes 30 30

Age,y 50.4+7.8 (40-68)  49.3%9.5 (40-73)
Sex (male/female) 12/18 16/14

Duration of diabetes (y) 9.745.2 (1-17) -
HbA1lc (%) 7.7+1.5 (7.0-11.5) -

SD: Standard deviation; HbAlc: Hemoglobin Alc.

Backward light scattering (densitometry) was measured to
assess changes in corneal transparency using Scheimpflug
tomography (Pentacam HR; Oculus, Wetzlar, Germany). The
imaging is intended to mechanically trace corneal apex and
get nearly 25 images above different cornea’s meridians along
with the uniform source of blue light. The grayscale unit is
used to label the outcome of corneal densitometry; the value
ranges from zero (i.e., least light scattering) to a hundred
(i.e., greatest light scattering). For the assessment of the local
densitometry, the 12 mm diameter area was divided into 4
concentric radial zones: a central zone 2 mm, a second zone
from 2 to nearly 6 mm while the next zone from 6 to nearly 10
mm and lastly, a fourth zone from 10 to 12 mm. The corneal
depth is divided into: The anterior layer constitutes the anterior
120 pm, while the posterior layer constitutes the most posterior
60 um of the cornea. The central corneal layer is calculated
by deducting the anterior and posterior layers from the total

. 10,12-13
corneal thickness!

| Three replicate measurements of each
eye were documented, and the mean of these measurements
were used for statistical analysis.

Statistical Analysis Data was analyzed using statistical
software (SPSS version 22.0, SPSS Inc., USA). Descriptive
statistics [meantstandard deviation (SD), 95% confidence
intervals (CI), minimum, maximum and frequencies] were used
for assessing the demographics and the clinical parameters.
Normality of the data distributions for the two groups was
determined using the Kolmogorov-Smirnov test. Unpaired ¢
test was used for comparison between the diabetic and non-
diabetic patients. Pearson correlation test was performed to
find the association between the backscattering values and
HbAlc levels and DM duration. Spearman correlation test was
performed to find the association between the backscattering
values and the presence or the absence of DR. A value of
P<0.05 was considered statistically significant and a value of
P<0.01 was considered statistically highly significant.
RESULTS

The study included 23 diabetic eyes without DR, 7 eyes with
non-proliferative DR (NPDR) and 30 control (non-diabetic)
eyes. There was no significant difference in mean age or
sex. The demographics and the clinical characteristics of the
participants are summarized in Table 1.
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Table 2 Descriptive statistics for corneal densitometry for study groups

Densitometry measurements, mean (95% confidence intervals)

Clinical parameter

0-2 mm 2-6 mm 6-10 mm 10-12 mm Total

Anterior

Diabetic group (n=30) 26.4 (25.1-27.7) 23.5(22.6-24.3) 30.9 (29.1-32.6) 35.2(32.4-38.0) 28.3(27.1-29.5)

Control group (n=30) 23.6(22.9-24.3) 21.6 (21.0-22.2) 25.7 (23.8-27.6) 31.2(29.2-33.1) 24.8 (23.8-25.9)

P 0.071 0.086 0.047° 0.242 0.036°
Central

Diabetic group (n=30) 15.3 14.0 (13.6-14.3) 20.4 (19.4-21.4) 21.1(19.8-22.5) 17.4 (16.8-18.0)

Control group (n=30) 14.7 (14.3-15.0) 13.5(13.2-13.9) 17.6 (16.3-18.8) 18.5(17.7-19.3) 15.9 (15.2-16.5)

P 0.238 0.372 0.082 0.096 0.076
Posterior

Diabetic group (n=30) 12.5(12.2-12.8) 11.8 (11.6-12.0) 16.6 (15.9-17.3) 16.6 (15.8-17.5) 14.3(13.9-14.7)

Control group (n=30) 11.9 (11.6-12.2) 11.2 (10.9-11.6) 14.7 (13.8-15.6) 14.6 (14.1-15.2) 13.1(12.6-13.5)

P 0.149 0.187 0.097 0.060 0.056
Total

Diabetic group (n=30) 18.1(17.5-18.7) 16.4 (16.0-16.9) 22.7 (21.6-23.7) 24.6 (22.9-26.4) 20.0 (19.3-20.7)

Control group (n=30) 16.7 (16.3-17.1) 15.5 (15.0-15.9) 19.3 (18.0-20.6) 21.4 (20.4-22.5) 17.9 (17.2-18.6)

P 0.065 0.118 0.057 0.122 0.043°

All densitometry values represented in grayscale units. “Significant at P<0.05.

Table 3 Pearson’s correlation coefficients between clinical measurements within diabetic group

Anterior corneal

Duration of

Central corneal Posterior corneal

Variables densitometry total diabetes HbAlc densitometry total densitometry total
Duration of diabetes 0.063 - - - -

HbAlc -0.115 0.352 - - -

Central corneal densitometry total 0.941° -0.005 -0.134 - -
Posterior corneal densitometry total 0.884° 0.075 -0.210 0.949° -

Total corneal densitometry 0.986° 0.044 -0.141 0.981° 0.944°

HbAlc: Hemoglobin Alc. °P<0.01.

Table 4 Spearman’s correlation coefficients between clinical measurements within diabetic group

Duration of diabetes Total corneal densitometry

Variables Anterior corneal densitometry total
Duration of diabetes -0.001
Total corneal densitometry 0.982°
Retinopathy presence 0.027

-0.026 -
-0.358 0.036

®p<0.01.

Mean of the anterior corneal (6-10 mm) densitometry values
was significantly higher in the diabetic group (30.9, 95%ClI,
29.1-32.6) than in the control group (25.7, 95%CI, 23.8-27.6;
P=0.047). Also, mean of the anterior corneal total densitometry
values was significantly higher in the diabetic group (28.3,
95%CI, 27.1-29.5) than in the control group (24.8, 95%CI,
23.8-25.9; P=0.036). In addition, mean of the total corneal
densitometry was significantly higher in the diabetic group
(20.0, 95%CI, 19.3-20.7) than in the control group (17.9,
95%CI, 17.2-18.6; P=0.043). Descriptive statistics of the
corneal densitometry of the study groups are shown in Table 2.
The corneal densitometry of the diabetic eyes demonstrated
no significant correlation with HbAlc and DM duration
using Pearson’s correlation coefficients (Table 3). Moreover,
the corneal densitometry of diabetic eyes demonstrated no
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significant correlation with the presence or the absence of DR
using Spearman correlation coefficients (Table 4).
DISCUSSION

This study was performed to compare the corneal backward
light scattering values in type 2 diabetic patients with those
of age and sex-matched non-diabetic healthy controls in
Riyadh, Saudi Arabia. The diabetic group in this study
demonstrated significantly higher mean densitometry values of
the anterior 6-10 mm zone (P=0.047), the total anterior layer
(P=0.036) and the total cornea (P=0.043) than in the control
group. This finding was in agreement with Ozyol et a/'"”
who found that the total anterior layer and the total corneal
densitometry in the 0 to 2 mm zone showed significantly
higher values in the diabetic eyes than in the controls
(P=0.024, P=0.020 respectively). However, they documented
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no significant difference in any concentric zones in the center
and the posterior layers. As well, their study did not find any
significant difference in the total corneal densitometry of the
anterior to the posterior layers over the entire 12 mm diameter
area, though the values of the diabetic eyes were greater than
the controls in their study. They clarified this finding by the
normal variations in total corneal diameter that leads to an
inclusion of sclera in the measurement in eyes with a smaller
corneal diameter. Moreover, the subclinical age-associated
deteriorating situations may influence the measurements

10]

in their study. Yang and Li"" showed significantly higher
densitometry values in 2 to 6 mm central zones of total cornea
in the diabetic eyes compared to the control eyes in 70 to
79y age group (P=0.003). Additionally, they documented a
higher total light backscatter at the total corneal thickness at all
concentric radial zones. They predicted that the different results
reported by the different studies may be due to the difference
of the population samples. In addition, they reported that the
corneal densitometry measured using Scheimpflug system may
be a valuable technique for early screening and management
of the diabetic peripheral neuropathy and the measurable
assessment of the corneal transparency.

Calvo-Maroto et al'” calculated the mean central corneal
backscatter for each eye from the seven different meridians
analyzed (range 70° to 110°). They demonstrated significant
differences in the corneal backscatter between the diabetic
and the control groups for the 3-mm and 5-mm central
zones (P=0.016, P=0.014 respectively). Furthermore, they
confirmed significantly higher corneal backscatter for the 3-mm
central zone than for the central 5-mm in the control subjects
(P<0.001). Conversely, no significant difference in the corneal
backscatter was detected between the 2 zones for the diabetic

" confirmed

patients in their study. However, Ramm et al'
that the corneal densitometry of all corneal zones of the
diabetic eyes (IDDM and NIDDM patients) was significantly
reduced than in control eyes. However, Tekin et al'” detected
no significant difference in the densitometry values between
the diabetic patients with type 1 DM and the controls. They
clarified this outcome by the inclusion of patients in their study
with controlled HbAlc values and short DM durations. They
excluded patients with DR or maculopathy.

Corneal densitometry in diabetic eyes in the current study
demonstrated no significant association with DM duration
using Pearson’s correlation coefficients. This finding agreed
with Calvo-Maroto et al''” who documented no significant
association between the corneal densitometry of the central
zones (3 and 5 mm) of the diabetic eyes (IDDM and NIDDM
patients) and DM duration. Likewise, Ramm et a/'"'" found
no significant association between DM duration and the

densitometry values in their study. Conversely, Yang and Li""

found a weak relationship between the existence of DM and
the corneal densitometry at 0 to 2 mm and 2 to 6 mm corneal
zones in the anterior, the posterior, and the total corneal depth.
As well, Ozyol et al'™ found highly significant positive
correlation between the anterior total corneal densitometry
values and DM duration (=0.802, P=0.001). This finding can
be attributed to the longer DM duration in their study. The
mean of DM duration in their study was 13.0+5.9y (1-16y)
compared to that of our study 9.7+5.2y (1-17y).

The corneal densitometry in the diabetic eyes in this study
documented no significant relationship with HbAlc using
Pearson’s correlation coefficients. This result matched with

Ozyol et al™

who did not find any significant relationship
between the total corneal densitometry and HbAlc levels.
They elucidated this result by the fact that HbAlc values
specifies mean glycemic values in the previous 2 to 3mo only
which may vary from time to time and they evaluated the
association between the corneal densitometry and HbAlc
values obtained at that time only as we did in our study. In

opposition, Ramm ez al""

demonstrated a significant negative
association between the HbAlc value and the densitometry
values of the total central layer (r=-0.424, P=0.044).

The corneal densitometry in the diabetic eyes in the present
study, demonstrated no significant correlation with presence
or absence DR using Spearman correlation coefficients. This
outcome may be due to the small sample size and the short
DM duration of the patients enrolled in this study. This was

2l who showed no

in agreement with Calvo-Maroto et al'
significant association between the corneal densitometry of the
central zones (3 and 5 mm) of the diabetic eyes (IDDM and
NIDDM patients) and DR staging. They clarified this finding
in their pilot study because of the small sample size and the
unconsidered demonstration of the different stages of DR. On
the other hand, Ramm ez al"" confirmed a significant negative
correlation between the densitometry values and DR staging
(=-0.271, P=0.019). Their study documented that the diabetic
eyes with maculopathy showed lower total densitometry values
than eyes without maculopathy.

Regarding the normative values of the corneal densitometry in
the control group, this study found higher anterior corneal total
densitometry values than for both the central and the posterior
layers. Mean of the anterior, the central, the posterior and the
total corneal densitometry values was 24.8 (23.8-25.9), 15.9
(15.2-16.5), 13.1 (12.6-13.5) and 17.9 (17.2-18.6) respectively.
This finding matched with Ni Dhubhghaill et al''” who
showed significantly higher densitometry values of the anterior
layer 25.8145.14 than for both the central (P<0.001) and the
posterior layers (P<0.001). Additionally, they demonstrated
the lowest densitometry values in the central zone (0-2 mm,
16.76+1.87) and the highest values in the peripheral zone (10-
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12 mm, 27.36+7.47). Their finding was in agreement with
the current study which showed densitometry values in the
central zone 16.7 (16.3-17.1) compared to 21.4 (20.4-22.5)
in the peripheral zone. This outcome can be explained by the
normal variability of the white-to-white corneal diameter'"™.
Ni Dhubhghaill et al'” further elucidated that finding by the
inclusion of portions of the limbus and sclera in the evaluation
of the densitometry values of the peripheral zones in subjects
with a small corneal diameter may result in higher values.

The augmented light backscattering in the diabetic patients can
be attributed to corneal edema, increased corneal thickness and

polymegathism or pleomorphism of corneal endothelium'”.

Yang and Li""

speculated that the anterior layer which
corresponds to the corneal epithelial and anterior stromal strata
as demarcated with corneal densitometry software was the
most vulnerable layer in the diabetic cornea for the increased
backward light scattering. Moreover, Ozyol et al'" explained
the significant difference of the backscattering in their diabetic
group compared to the control group by the existence of ultra-
structural alterations in the anterior layer of cornea in the
diabetic eyes such as a condensed, multilayered epithelial
basement membrane, glycogen granules buildup in the basal
epithelial cells, motivation of the keratocytes and prompted
stromal collagen crosslinking””. Furthermore, Quadrado
et al”" documented significant declines in basal epithelial
cells, anterior stromal keratocytes and endothelial cell
concentrations in cornea of type 2 diabetic patients via in vivo
! reported that
the abnormalities of tear film composition and thickness may

confocal microscopy. Additionally, Grus et al

contribute to the elevated backscattering in the diabetic cornea.
Light scattering can be divided into an intraocular scattering
(forward light scattering) and light scattered backward
(backward light scattering)''”. No accurate relationship
between them was detected until nowadays""*”. Hwang et al™!
demonstrated an increased level of the intraocular scattering in
the diabetic corneas compared to the controls and confirmed
the association between the severity of DR and the increased
intraocular scattering. Schiano Lomoriello et al*” evaluated
early changes of the corneal sub-basal plexus in type 1 diabetic
cornea using in vivo confocal microscopy and reported a
significant affection of the optical quality of the diabetic cornea

/%) assessed the influence

compared to controls. Patel et a
of the intraocular scattering on vision after penetrating
keratoplasty and confirmed that the increased stray light may
cause visual complaints. Ni Dhubhghaill et al''”’ reported that
the significant correlation between the increased backward
light scattering and the reduced visual quality is not essentially
established.

This study is the first one in Saudi Arabia to evaluate the

corneal backward light scattering values in type 2 diabetic

1640

patients using Pentacam HR. This study documented a
statistically significant difference in the densitometry of the
anterior corneal (6-10 mm zone), the total anterior cornea and
the total cornea of the diabetic group compared to the control
group. This study confirmed the potentiality of using optical
quality assessment for monitoring of the corneal abnormalities
caused by DM. Further prospective longitudinal studies using

a large sample size are recommended to confirm these results

and to evaluate the correlation between corneal backscattering

values and HbAlc levels, DM duration, status of DR. In
addition, the effect of the corneal backscatter on the visual
quality of the diabetic cornea needs more investigations.

Additionally, the relationship between the intraocular scattering

and the backward light scattering necessitates verification.

ACKNOWLEDGEMENTS

The authors extend their appreciation to The Deputyship

for Research & Innovation, Ministry of Education in Saudi

Arabia for funding this research work through the project (No.

IFKSUOR3-499-1).

Conflicts of Interest: Elagamy A, None; Abaalhassan N,

None; Berika M, None.

REFERENCES

1 Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S, Unwin N,
Colagiuri S, Guariguata L, Motala AA, Ogurtsova K, Shaw JE, Bright
D, Williams R; IDF Diabetes Atlas Committee. Global and regional
diabetes prevalence estimates for 2019 and projections for 2030 and
2045: results from the International Diabetes Federation Diabetes Atlas,
9th edition. Diabetes Res Clin Pract 2019;157:107843.

2 Robert AA, Al Awad AD, Al Dawish MA. Current status of knowledge
and awareness of diabetes mellitus in Saudi Arabia. Curr Diabetes Rev
2021;17(5):¢101220186818.

3 Klein R, Klein BEK. Epidemiology of Ocular Functions and Diseases
in Persons With Diabetes. In: Cowie CC, Casagrande SS, Menke
A, Cissell MA, Eberhardt MS, Meigs JB, Gregg EW, Knowler WC,
Barrett-Connor E, Becker DJ, Brancati FL, Boyko EJ, Herman WH,
Howard BV, Narayan KMV, Rewers M, Fradkin JE, editors. Diabetes
in America. 3rd ed. Bethesda (MD): National Institute of Diabetes and
Digestive and Kidney Diseases (US); 2018. Chapter 21.

4 Tash NG, Icel E, Karakurt Y, Ucak T, Ugurlu A, Yilmaz H, Akbas EM.
The findings of corneal specular microscopy in patients with type-2
diabetes mellitus. BMC Ophthalmol 2020;20(1):214.

5 Shih KC, Lam KS, Tong L. A systematic review on the impact of
diabetes mellitus on the ocular surface. Nutr Diabetes 2017;7(3):e251.

6 El-Agamy A, Alsubaie S. Corneal endothelium and central corneal
thickness changes in type 2 diabetes mellitus. Clin Ophthalmol
2017;11:481-486.

7 Zhang K, Zhao L, Zhu C, et al. The effect of diabetes on corneal
endothelium: a meta-analysis. BMC Ophthalmol 2021;21(1):78.

8 Kim YJ, Kim TG. The effects of type 2 diabetes mellitus on the corneal
endothelium and central corneal thickness. Sci Rep 2021;11(1):8324.



Int J Ophthalmol, Vol. 16, No. 10, Oct. 18, 2023
Tel: 8629-82245172  8629-82210956

www.ijo.cn
Email: ijopress@163.com

9 Pont C, Ascaso FJ, Grzybowski A, Huerva V. Corneal endothelial cell
density during diabetes mellitus and ocular diabetes complications
treatment. J Fr Ophtalmol 2020;43(8):794-798.

10 Yang L, Li X. Evaluation of corneal transparency in diabetic patients

aged 60 years and over. Int J Diabetes Clin Res 2020;7(2):7:119

11 Ramm L, Spoerl E, Pillunat LE, Terai N. Corneal densitometry in
diabetes mellitus. Cornea 2020;39(8):968-974.

12 Calvo-Maroto AM, Pérez-Cambrodi RJ, Esteve-Taboada JJ, et al.
Corneal backscatter in insulin-dependent and non-insulin-dependent
diabetes mellitus patients: a pilot study. Arq Bras Oftalmol
2017;80(3):148-153.

13 Ozyol P, Ozyol E. Assessment of corneal backward light scattering in
diabetic patients. Eye Contact Lens 2018;44 Suppl 1:5S92-S96.

14 McLaren JW, Wacker K, Kane KM, Patel SV. Measuring corneal haze
by using scheimpflug photography and confocal microscopy. /nvest
Ophthalmol Vis Sci 2016;57(1):227-235.

15 World Health Organization. Definition, diagnosis and classification of
diabetes mellitus and its complications: report of a WHO Consultation.
Geneva, Switzerland: World Health Organization; 1999.

16 Tekin K, Inanc M, Kurnaz E, Bayramoglu E, Aydemir E, Koc M,
Aycan Z. Objective evaluation of corneal and lens clarity in children
with type 1 diabetes mellitus. 4m J Ophthalmol 2017;179:190-197.

17 Ni Dhubhghaill S, Rozema JJ, Jongenelen S, et al. Normative values
for corneal densitometry analysis by Scheimpflug optical assessment.
Invest Ophthalmol Vis Sci 2014;55(1):162-168.

18 Bandlitz S, Nakhoul M, Kotliar K. Daily variations of corneal white-

to-white diameter measured with different methods. Clin Optom
(Auckl) 2022;14:173-181.

19 Narooie-Noori F, Asharlous A, Mirzajani A, et al. Comparison of
anterior segment parameters of the eye between type 2 diabetic with
and without diabetic retinopathy and non-diabetic. Int J Ophthalmol
2023;16(4):571-578.

20 Zhou Q, Yang L, Wang Q, Li Y, Wei C, Xie L. Mechanistic
investigations of diabetic ocular surface diseases. Front Endocrinol
(Lausanne) 2022;13:1079541.

21 Quadrado MJ, Popper M, Morgado AM, Murta JN, van Best JA.
Diabetes and corneal cell densities in humans by in vivo confocal
microscopy. Cornea 2006;25(7):761-768.

22 Grus FH, Sabuncuo P, Dick HB, Augustin AJ, Pfeiffer N. Changes in
the tear proteins of diabetic patients. BMC Ophthalmol 2002;2:4.

23 Fukuoka H, Gali HE, Bu JJ, Sella R, Afshari NA. Ultraviolet light
exposure and its penetrance through the eye in a porcine model. nt J
Ophthalmol 2023;16(2):172-177.

24 Hwang HB, Yim HB, Chung SK. Effect of diabetic retinopathy and
diabetes on the intraocular straylight in pseudophakic eyes. BMC
Ophthalmol 2015;15:130.

25 Schiano Lomoriello D, Abicca I, Parravano M, et al. Early alterations
of corneal subbasal plexus in uncomplicated type 1 diabetes patients. J
Ophthalmol 2019;2019:9818217.

26 Patel SV, McLaren JW, Hodge DO, Bourne WM. The effect of corneal
light scatter on vision after penetrating keratoplasty. Am J Ophthalmol
2008;146(6):913-919.

1641



	OLE_LINK2
	MendeleyTempCursorBookmark1
	_Hlk143767472
	OLE_LINK226
	OLE_LINK225
	OLE_LINK119
	OLE_LINK120
	OLE_LINK119
	OLE_LINK120
	_Hlk130325975
	_Hlk143186088
	_Hlk94776991
	_Hlk144131808
	OLE_LINK1
	OLE_LINK4
	OLE_LINK3
	OLE_LINK17
	OLE_LINK18
	OLE_LINK48
	OLE_LINK47
	OLE_LINK45
	OLE_LINK46
	OLE_LINK63
	OLE_LINK64
	OLE_LINK25
	OLE_LINK26
	OLE_LINK29
	OLE_LINK38
	OLE_LINK37
	OLE_LINK70
	OLE_LINK71
	OLE_LINK35
	OLE_LINK34
	OLE_LINK56
	OLE_LINK55
	OLE_LINK31
	OLE_LINK30
	OLE_LINK9
	OLE_LINK10
	OLE_LINK12
	OLE_LINK11
	OLE_LINK59
	OLE_LINK60
	_Hlk132898021
	OLE_LINK57
	OLE_LINK58
	OLE_LINK79
	OLE_LINK78
	_Hlk132903434
	OLE_LINK88
	OLE_LINK89
	OLE_LINK50
	OLE_LINK49
	OLE_LINK40
	OLE_LINK39
	OLE_LINK53
	OLE_LINK54
	OLE_LINK19
	_Hlk111562246
	_Hlk136771901
	_Hlk136772005
	_Hlk136772054
	_Hlk138540218
	_Hlk138540124
	_Hlk108183234
	_Hlk111027426
	_Hlk111027411
	_Hlk138536023
	_Hlk138538107
	_Hlk143948595
	_Hlk138535819
	_Hlk138539727
	_Hlk143947882
	_Hlk138540052
	OLE_LINK31
	OLE_LINK30
	OLE_LINK18
	_Hlk138414377
	OLE_LINK202
	OLE_LINK203
	OLE_LINK180
	OLE_LINK181
	OLE_LINK150
	_Hlk790823
	_Hlk89787106
	OLE_LINK68
	OLE_LINK54
	OLE_LINK16
	OLE_LINK3
	_Hlk70498935
	_Hlk77964999
	OLE_LINK38
	_Hlk70235965
	_Hlk69832060
	OLE_LINK63
	OLE_LINK1
	_Hlk80860156
	_Hlk79314731
	OLE_LINK139
	_Hlk80860784
	OLE_LINK48
	OLE_LINK39
	_Hlk77947577
	_Hlk78009202
	OLE_LINK35
	_Hlk70092717
	_Hlk69832191
	OLE_LINK25
	OLE_LINK36
	OLE_LINK46
	_Hlk78011194
	OLE_LINK50
	_Hlk78118911
	OLE_LINK90
	OLE_LINK22
	OLE_LINK56
	_Hlk69923968
	_Hlk78806774
	OLE_LINK138
	_Hlk108183234
	OLE_LINK60
	_Hlk78023471
	_Hlk77948180
	OLE_LINK59
	OLE_LINK61
	_Hlk69834832
	OLE_LINK31
	OLE_LINK66
	OLE_LINK62
	_Hlk79314280
	OLE_LINK67
	_Hlk78805900
	OLE_LINK69
	OLE_LINK71
	OLE_LINK72
	OLE_LINK73
	OLE_LINK74
	_Hlk78023664
	OLE_LINK82
	_Hlk78024251
	OLE_LINK65
	_Hlk141399417
	OLE_LINK21
	OLE_LINK7
	OLE_LINK78
	OLE_LINK79
	OLE_LINK84
	OLE_LINK80
	OLE_LINK53
	_Hlk73430394
	OLE_LINK64
	OLE_LINK76
	OLE_LINK104
	_Hlk77962687
	OLE_LINK120
	OLE_LINK33
	_Hlk73518521
	_Hlk70236627
	OLE_LINK107
	OLE_LINK86
	OLE_LINK87
	OLE_LINK88
	OLE_LINK89
	OLE_LINK110
	OLE_LINK111
	OLE_LINK24
	OLE_LINK91
	_Hlk78817656
	OLE_LINK112
	OLE_LINK113
	OLE_LINK4
	OLE_LINK95
	OLE_LINK52
	OLE_LINK99
	OLE_LINK128
	OLE_LINK103
	OLE_LINK100
	OLE_LINK92
	OLE_LINK102
	OLE_LINK101
	_Hlk70098261
	OLE_LINK96
	OLE_LINK17
	_Hlk77937212
	OLE_LINK94
	OLE_LINK49
	OLE_LINK97
	OLE_LINK141
	OLE_LINK27
	OLE_LINK126
	OLE_LINK114
	OLE_LINK47
	OLE_LINK8
	OLE_LINK93
	OLE_LINK129
	OLE_LINK85
	OLE_LINK109
	OLE_LINK26
	_Hlk77945971
	_Hlk78809635
	OLE_LINK130
	OLE_LINK133
	OLE_LINK2
	_Hlk78020915
	OLE_LINK42
	OLE_LINK83
	OLE_LINK28
	OLE_LINK122
	OLE_LINK37
	OLE_LINK44
	OLE_LINK77
	OLE_LINK57
	OLE_LINK70
	OLE_LINK11
	OLE_LINK40
	OLE_LINK134
	OLE_LINK98
	_Hlk78122790
	OLE_LINK106
	_Hlk78123011
	OLE_LINK108
	_Hlk78018590
	_Hlk78122942
	_Hlk78018654
	OLE_LINK55
	OLE_LINK81
	OLE_LINK43
	OLE_LINK115
	OLE_LINK12
	OLE_LINK117
	OLE_LINK116
	OLE_LINK58
	OLE_LINK118
	OLE_LINK119
	_Hlk78815506
	_Hlk78817429
	OLE_LINK121
	OLE_LINK45
	OLE_LINK14
	_Hlk78813380
	OLE_LINK123
	OLE_LINK124
	OLE_LINK18
	OLE_LINK19
	_Hlk89696924
	OLE_LINK125
	OLE_LINK131
	OLE_LINK41
	OLE_LINK140
	OLE_LINK142
	_Hlk89787106
	OLE_LINK6
	_nebB4957DB2_AD4F_4F46_861F_64E1DDE35CE9
	_Hlk138765947
	_Hlk137391854
	OLE_LINK1
	OLE_LINK2
	OLE_LINK3
	_Hlk125711675
	_Hlk125711900
	_Hlk125712068
	_Hlk125785559
	_Hlk137540720
	_Hlk125788746
	_Hlk125788730
	_Hlk137540836
	_Hlk137542384
	_Hlk125789624
	_Hlk125789743
	_Hlk125789794
	_Hlk138585571
	OLE_LINK6
	OLE_LINK14
	OLE_LINK21
	_Hlk78905361
	OLE_LINK1
	OLE_LINK16
	OLE_LINK2
	OLE_LINK3
	OLE_LINK17
	OLE_LINK13
	OLE_LINK19
	OLE_LINK20
	OLE_LINK11
	OLE_LINK12
	OLE_LINK26
	OLE_LINK27
	OLE_LINK30
	OLE_LINK31
	OLE_LINK28
	OLE_LINK29
	OLE_LINK4
	OLE_LINK199
	OLE_LINK200
	OLE_LINK204
	OLE_LINK235
	OLE_LINK236
	OLE_LINK241
	OLE_LINK242
	_Hlk143266959
	_Hlk143779414
	_Hlk119326815
	_Hlk497904036
	_Hlk119871052
	_Hlk138576847
	_Hlk134450142
	_Hlk138580773
	_Hlk138579307
	_Hlk138581038
	_Hlk134450316
	_Hlk123635665
	_Hlk144494355
	_Hlk138590238
	_Hlk123717523
	_Hlk138584758
	_Hlk138538515
	_Hlk138588894
	OLE_LINK19
	_Hlk121476165
	_Hlk122005345
	_Hlk122005701
	_Hlk122005773
	_Hlk122007963
	_Hlk122008949
	_Hlk122008962
	OLE_LINK16
	OLE_LINK13
	_Hlk144816640
	_Hlk143596133
	OLE_LINK19
	Vault predicting after Implantable Collamer Lens implantation using random forest network based on different features in ultrasound biomicroscopy images
	Bin Fang1, Qiu-Jian Zhu2, Hui Yang1,Li-Cheng Fan1 

	A novel approach for 25-gauge transconjunctival sutureless vitrectomy to evaluate vitreous substitutes in rabbits
	Rui-Jin Ran1,2, Ting Wang1, Meng-Ying Tao1, Yue-Qin Gou1, Ming Zhang1

	Influence of hypoxia on retinal progenitor and ganglion cells in human induced pluripotent stem cell-derived retinal organoids
	Jin-Lin Du1,2, Li-Xiong Gao3, Tao Wang1, Zi Ye2, Hong-Yu Li1,2, Wen Li1,2, Quan Zeng4, Jia-Fei Xi4, Wen Yue4, Zhao-Hui Li1,2

	Effect of miR-27b-3p and Nrf2 in human retinal pigment epithelial cell induced by high-glucose
	Qiao-Ling Lai1, Ting Xie2, Wei-Dong Zheng2, Yan Huang1

	Effectiveness of conjunctival bleb scarring by knock-down of heat shock protein 47 in rat model
	Wei-Wei Wang, Hai-Yan Li, Huan-Huan Yan

	A novel pathogenic splicing mutation of RPGR in a Chinese family with X-linked retinitis pigmentosa verified by minigene splicing assay
	Hui-Qin Wang1, Pei-Kuan Cong2, Tian He 3, Xiao-Feng Yu1, Ya-Nan Huo4

	Agreement of intraocular pressure measurement with Corvis ST, non-contact tonometer, and Goldmann applanation tonometer in children with ocular hypertension and related factors
	Hou-Gang Li1, Yan-Hui Chen1, Fang Lin2, Si-Yu Li1, Qing-Hua Liu1, Chun-Ge Yin1, Xi-Yue Chen1, Xin-Jie Zhang1, Yue Qu1, Yan-Nian Hui3

	Dry eye disease among patients infected with the SARS-CoV-2 Omicron variant: a cross-sectional study
	Qi-Fang Chen1, Juan Yu1, Han Chu2, Pan Hu1, Li Chen1, Ting Liu1, Chong-Yi Li1

	A combined treatment for patients with dry eye and associated laryngopharyngeal reflux: a real-life approach
	Giorgio Ciprandi1, Stefano Bonini2, Irene Schiavetti3, Valerio Damiani4, Study Group on Dry-Eye Pragmatical Management

	Comparative outcomes of the pathogen in cultured Jones tubes used in lacrimal bypass surgery according to follow up periods
	Bo Hyun Park, Hui Kyung Kim, Yeon Ji Jo, Jong Soo Lee

	Differential expression of antimicrobial peptides in human fungal keratitis
	Jia-Song Wang, Xi Peng, Zhao Zhao, Chao Wang, Hua-Tao Xie, Ming-Chang Zhang

	Evaluation of corneal backward light scattering in type 2 diabetes mellitus
	Amira Elagamy1, Najd Abaalhassan2, Mohamed Berika3

	Long-term outcomes of anti-VEGF treatment with 5+PRN regimen for macular edema due to central retinal vein occlusion 
	Ya Ye1,2, Yu-Meng Deng2, Zhen Huang2, Qiao-Wei Wu1, Yan-Nian Hui3, Yan-Ping Song1,2

	Comparison of anatomical and functional outcomes of different surgical techniques in myopic macular hole without retinal detachment
	Merve Ozbek, Sehnaz Ozcaliskan, Cengiz Alagoz, Ozgur Artunay

	Effect of visual perception training on binocular visual function reconstruction in patients after strabismus surgery
	Yu Su1, Fei Wang2, Tao Wang3, Qin-Mei Wang1

	Visual resolution under photopic and mesopic conditions in patients with Sjögren syndrome
	Mosaad Alhassan1, Amal Aldarwesh1, Issa Alessa1, Rafif Alhijji1, Reema Alduhayan2, Ali Almustanyir1

	Effects of obstructive sleep apnea on retinal microvasculature 
	Müjdat Karabulut1, Semai Bek2, Sinem Karabulut1, Aylin Karalezli3, Gülnihal Kutlu2

	Time trends in myopia and high myopia prevalence in young university adults in China
	Hong-Mei Zhang1, Bing-Qin Li1, Yun Zhu2, Sheng-Xin Liu3, Rui-Hua Wei1

	Hotspots and frontiers of genetic research on pediatric cataracts from 2013 to 2022: a scientometric analysis
	Yuan Tan1, Wei Jiang1,2, Le-Yi Hu1, Yan-Yu Shen1, Hui Chen1, Ying-Shi Zou1, Li-Xia Luo1, Guang-Ming Jin1, Zhen-Zhen Liu1

	Bibliometric analysis of research relating to refractive cataract surgery over a 20-year period: from 2003 to 2022
	Xiao-Yong Chen1, Qian-Ru Wu2, Min-Yue Xie2, Di Zhang1, Chun Zhang1

	Three-dimensional bioprinting in ophthalmic care
	Saleha Al-Atawi

	Axial length shortening in myopic children with Stickler syndrome after repeated low-level red-light therapy
	Xiang-Hua Tang1, Meng-Ting Yu1, Yin Hu1, Ming-Guang He1,2,3, Xiao Yang1

	A 10-year fight for vision in a patient with recurrent uveal melanoma: a case report
	Heng Wang, Jing-Ting Luo, Yang-Xu Tao, Yang Li, Wen-Bin Wei

	Acute micro-macular hole associating with extensive intraoperative rotation of implantable collamer lens without ophthalmic viscosurgical device assistance: a case report
	Guan-Xing Dang, Yan Li, Xin Zhou, Cong-Yi Wang

	Multiple evanescent white dot syndrome relapse following BNT162b2 mRNA COVID-19 vaccination
	Lucas Sejournet1, Laurent Kodjikian1,2, Amina Rezkallah1, Philippe Denis1, Thibaud Mathis1,2, Olivier Loria1


