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Abstract: The number of diabetic patients worldwide is increasing rapidly. Prevention of diabetic retinopathy
(DR), a leading cause of blindness, is a serious issue. We examined the effects of prophylactic pattern scanning
laser retinal photocoagulation on DR development in 16 Spontaneously Diabetic Torii (SDT) fatty rats.
Photocoagulation was applied to the right eyes of 8-week SDT fatty rats, and the left eyes served as the
untreated controls. Electroretinography at 9 and 39 weeks of age and pathological examination of the retinal
thickness and number of retinal folds, and immunohistochemistry of vascular endothelial growth factor and
glial fibrillary acidic protein at 24 and 40 weeks of age were performed bilaterally. No significant differences
were seen between the left and right eyes in the apex latency and the amplitude of the oscillatory potential
wave in the SDT fatty rats at 9 and 39 weeks of age and in the pathology and immunohistochemistry in the
SDT fatty rats at 24 and 40 weeks of age. Prophylactic pattern scanning retinal laser photocoagulation did not
affect the development of DR in SDT fatty rats.

Keywords: diabetes; pattern scanning laser; diabetic retinopathy; Spontaneously Diabetic Torii fatty
rats; electroretinography

1. Introduction

Diabetes is a disease in which hyperglycemia is chronic due to decreased glucose tolerance as
the result of insulin deficiency or reduced insulin action. It is a frightening disease that develops
without any noticeable symptoms and results in three major complications: retinopathy,
nephropathy, and neurologic disorders, and is accompanied by an increased risk of heart disease and
stroke. The worldwide diabetic population continues to increase. The International Diabetes
Federation estimated that about 537 million people had diabetes in 2021, and by 2030, 643 million
people also will have diabetes [1].

Diabetic retinopathy (DR), a complication of diabetes, is caused by retinal vascular damage
caused by chronic hyperglycemia, which gradually worsens and can eventually lead to blindness [2].
The prevalence rates of DR and proliferative DR, which is a severe retinopathy in diabetic patients,
were 27% and 1.4%, respectively, worldwide [3]. The number of patient reports have indicated that
the prevalence of DR exceeds 30% [4]. The number of patients with DR in 2020 was an estimated 103
million worldwide [5].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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To elucidate the pathogenesis of diabetic ocular complications and develop treatments, a
number of animal models of diabetes have been developed. In 1997, the Spontaneously Diabetic Torii
(SDT) rat, which is characterized by severe diabetic ocular complications, was developed by a joint
research committee including our institute and the Torii Pharmaceutical Research Institute [6]. We
then developed a new animal model for obese type 2 diabetes, the SDT fatty rat, by introducing the
leptin receptor mutation, an obesity gene of the Zucker fatty rats, into the genetic background of the
SDT rats [7]. In addition to hyperglycemia, SDT fatty rats exhibit obesity due to overeating caused by
loss of leptin activity, hyperlipidemia, hypertension, and insulin resistance. These characteristics
make them a model animal for diabetes that mimics the diabetic patients seen in daily clinical
practice. In male SDT fatty rats, hyperglycemia is observed from 5 weeks of age, at a level of about
600 mg/dl at 8 weeks of age, and 100% develop diabetes at 16 weeks of age [7,8]. In our previous
study, DR developed in SDT fatty rats at 16 weeks of age, suggesting that DR develops earlier and is
more severe in SDT fatty rats than in SDT rats [9]. When DR develops, retinal thickening and retinal
folds appear, and electroretinography (ERG) shows prolongation of the apex latency and decreased
amplitude of the oscillatory potential (OP) wave .

No treatment can completely cure DR, and it is important to prevent the progression of
retinopathy. Of course, preventing development of diabetes itself is important through educational
activities such as improving lifestyle habits, but if diabetes does develop, it is important to prevent
the development of diabetes-associated diseases as much as possible. Prevention of DR is mainly
limited to blood sugar control. Retinal photocoagulation, vitrectomy, and vitreous injection of
vascular endothelial growth factor (VEGF) are the standard treatments according to the DR stage
symptomatically. [10]

VEGEF is involved in the onset and progression of DR. VEGF expression is caused by ischemia
or hypoxia, but VEGF expression and increased vascular permeability occur even before obvious
retinal vascular occlusion and ischemia [11]. The primary cause is thought to be advanced glycation
end products (AGEs) that are the result of chronic hyperglycemia. The glucose load caused by chronic
hyperglycemia leads to enhancement of the polyol metabolic pathway, which induces activation of
protein kinase C (PKC), enhancement of the hexosamine biosynthetic pathway, and production of
AGEs [12]. These cause retinal microangiopathy primally. AGEs induce pericytes to express the
VEGF gene in their cells [11]. However, pigment epithelium-derived factor (PEDF), which has an
antioxidant effect, suppresses AGEs and, as a result, suppresses induction of VEGF [11,13].

It takes about 13 years for DR to develop [14]. In the meantime, if there is a minimally invasive
method to prevent DR, it would greatly contribute to a decrease in the number of patients with DR.
According to the Early Treatment Diabetic Retinopathy Study, photocoagulation for DR is
recommended for proliferative DR rather than simple DR, considering its disadvantages such as
narrowing of the visual field, decreased dark adaptation, color blindness, and macular edema [15,16].
In contrast, the current study investigated the efficacy of prophylactic pattern scanning laser as a new
treatment in the preliminary stage of DR. The features of the pattern scanning laser are high power
and short pulse irradiation. Standard panretinal photocoagulation is painful and damages the inner
retinal layer and choroid. A less invasive laser therefore was considered for prophylactic treatment.
The pattern scanning laser has a short irradiation time of 10 to 30 msec, about 1/10th to 1/20th of
conventional photocoagulation, and a higher power of 350 to 475 mW, about 3 to 4 times that of
conventional photocoagulation. Therefore, it is possible to reduce patient pain and damage to the
inner retinal layer and choroid [17-19]. It has been attracting attention mainly as a treatment for
advanced DR. Although many reports of laser treatment for DR have been published [16,20,21], none
has reported the effects and complications of prophylactic pattern scanning lasers in the pre-DR
stages. We hypothesized that if retinal photocoagulation, which is already widely used in clinical
practice, can be applied both to suppress the progression of DR and prevent its onset, it will become
a new, simple, and safe method to prevent DR. Therefore, we evaluated the effect of prophylactic
pattern scanning laser on developing DR in SDT fatty rats.
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2. Materials and Methods

SDT fatty rats (obese type 2 diabetic model animals) were used in this study. All SDT fatty rats
were diagnosed as diabetic if their non-fasting blood glucose level was 350 mg/dl or higher. All rats
were fed a standard rat diet (CRF-1, Oriental Yeast, Inc., Tokyo, Japan). In addition, the breeding
environment maintained the rat body temperature of the animals at about 37 degrees Celsius. This
study is based on previous studies showing that SDT fatty rats develop hyperglycemia at 8 weeks of
age but do not develop DR, such as retinal thickening, and develop DR at 16 weeks of age [9]. We
used 16 SDT fatty rats. The animals were divided into groups, i.e., half were sacrificed at 24 weeks of
age (24-week SDT fatty rats) and the other half at 40 weeks (40-week SDT fatty rats). All 8-week SDT
fatty rats underwent pattern scanning retinal laser photocoagulation in the right eye under anesthesia
by intraperitoneal injection of 50 mg/kg of three different anesthetic agents (medetomidine
hydrochloride 0.375 mg/kg, midazolam 2 mg/kg, and butorphanol tartrate 2.5 mg/kg). The left eyes
served as the untreated controls. Photocoagulation was performed using a Volk Quad Pedjiatric Laser
Lens: 1.82x laser spot magnification (Volk, Optical Inc.,, Mentor, OH, USA) eyepiece with an
irradiation power of 360 mW, irradiation time of 20 msec, and spot size of 200 um (retinal spot size,
330 um) using the Novus Spectra green laser photocoagulator (Lumenis Be Ltd., Yokneam Illit,
Israel). The number of laser applications around the optic disc was about 300 shots, but the number
of laser applications varied slightly according to individual animals and was the fewest at 240 shots.
Electroretinography (ERG) was performed to evaluate the development of DR in the left eye and the
inhibitory effect of laser photocoagulation on DR in the right eye in the SDT fatty rats. In our previous
experiments, some SDT fatty rats died as a result of the three different anesthetic agents; to avoid
stressing the rats due to repeated anesthesia administered during a short period of time, we
performed ERG only in the 40-week SDT fatty rat group. Therefore, ERG was performed at 9 weeks
of age immediately after laser photocoagulation (eight rats) and at 39 weeks of age before slaughter
(four surviving rats). Full-field ERG responses were recorded using a Ganzfeld dome, an acquisition
system, and light-emitting diode stimulators (PuREC, MAYO Corporation, Inazawa, Japan). In the
current study, we measured the peak latency of the OP1 wave, because the frequency of prolongation
of the vertex latency is especially pronounced in the OP1 wave in patients with diabetes [22]. The
amplitude of the OP wave was defined as the sum of the OP1 to OP4 (XOPs) amplitudes.

At 24 and 40 weeks of age, the SDT fatty rats in each group were sacrificed under anesthesia and
the eyes were enucleated for pathological examination. The animals were euthanized by
intraperitoneal administration of pentobarbital 85 mg/kg and blood was removed from the aorta.
When that was completed, the eyes were enucleated and fixed immediately in fixative solution (Super
Fix, KY-500, Kurabo, Japan enucleated eyes), paraffin-embedded, and 4-pm sections were prepared
from the paraffin blocks by microtome and stained with hematoxylin and eosin. The retinal thickness
and number of retinal folds were measured in these specimens. The retinal thicknesses were
measured at three different points (Figure 1A). A retinal fold was defined as deformed tissue that
extended from the photoreceptor layer to the outer retinal granular layer. Immunohistochemical
studies included immunostaining for VEGF and glial fibrillary acidic protein (GFAP). In DR, VEGF
and GFAP increase in the ganglion cells. Inmunostaining was performed using the conventional
avidin-biotin horseradish peroxidase method, and AEC Substrate-Chromogen (DakoCytomation,
Carpinteria, CA, USA) was used as a chromogenic substrate for peroxidase. The Hybrid Cell Count
Module/BZ-H3C software (Keyence, Chicago, IL, USA) quantitatively analyzed each
immunostained-positive area within 1,500 um from the optic disc and calculated the area ratio. In
this experiment, positive areas were color-coded in dark blue and negative areas in magenta, and the
positive area ratio of immunostaining for each specimen was calculated. We checked the variance
using the F test, and analyzed if the variances were equal using the Student's t-test and the Welch t-
test if the variances were unequal. Microsoft® Excel analysis (Microsoft Corporation, Redmond, WA,
USA) was used for statistical analysis. P < 0.05 was considered significant.
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Figure 1. (A) Retinal thicknesses are measured at distances of 500, 1,000, and 1,500 um from the optic
disc in each specimen. (B) Comparison of retinal thicknesses from the optic disc in treated and
untreated 24-week SDT fatty rats. (C) Comparison of retinal thicknesses from the optic disc in treated
and untreated 40-week SDT fatty rats. R, right; L, left; PC, photocoagulation.

3. Results

The SDT fatty rats always have blood sugar levels that exceed 350 mg/dl, so the probability of
sudden death increases as the animals age. At the beginning of the experiment, 16 SDT fatty rats were
divided into two groups: 24-week SDT fatty rats and 40-week SDT fatty rats. Ultimately, the number
of 24-week SDT fatty rats decreased to six, and the number of 40-week SDT fatty rats decreased to
four. All SDT fatty rats underwent application of pattern scanning retinal laser photocoagulation in
the right eye (treated eye), and the left eye was the untreated eye.

3.1. ERG

Figure 2A shows the ERG waveforms of the SDT fatty rat before and after the onset of
retinopathy. The ERGs at the age of 9 weeks were obtained before the onset of retinopathy, and the
ERGs at the age of 39 weeks were obtained after the onset of retinopathy. The peak latency of the OP
wave is prolonged and the amplitude of the OP wave is reduced in the ERGs when DR develops.
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Figure 2. (A) ERG waveforms of SDT fatty rats before and after laser application. (B) Comparison of
the peak latency of the OP1 wave in treated and untreated SDT fatty rats. (C) Comparison of the
amplitude of the OP waves in treated and untreated SDT fatty rats. R, right; L, left; PC,
photocoagulation.

At age 9 weeks immediately after laser photocoagulation, the apex latencies of the OP1 wave in
the right eyes treated with photocoagulation and the untreated left eyes were 21.3 + 1.08 ms in the
treated eyes and 21.0 + 1.54 ms in the untreated eyes, and the amplitudes of the ZOPs waves were
401.1 £ 176.41 pv in the treated eyes and 413.5 + 150.62 pv in the untreated eyes. At age 39 weeks
before slaughter, the apex latencies of the OP1 wave in the treated eyes and untreated eyes were 22.9
+1.37 ms in the treated eyes and 22.9 + 1.37 ms in the untreated eyes, and the amplitudes of the XOPs
waves were 247.6+142.56 uv in the treated eyes and 284.2 + 77.04 uv in the untreated eyes. In this
experiment, the ERG waveforms showed that the amplitude of the ZOPs waves decreased in the 39-
week rats compared to the 9-week rats, although the prolongation of the peak latency of the OP wave
was unclear. However, there were no significant differences between them (amplitude of the XOPs
wave, p=0.0894; peak latency of the OP1, p=0.0617).

It was also clear from the ERG waveform that there were no significant differences in the peak
latency of the OP1 and amplitude of the ZOPs between the right eyes treated with photocoagulation
and the untreated left eyes of the SDT fatty rats (amplitude of the OPs wave, p=0.844 at 9 weeks,
p=0.674 at 39 weeks; peak latency of the OP1, p=0.672 at 9 weeks, p=1 at 39 weeks) (Figure 2A, B, C).

3.2. Pathology
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Thickened retinas and retinal folds are typical pathological changes in DR in SDT fatty rats [9].
The average retinal thicknesses in the 24-week SDT fatty rats and 40-week SDT fatty rats at 500, 1,000,
and 1,500 um from the optic disc are as follows.

In 24-week SDT fatty rats, at 500 pm, the mean retinal thicknesses were 165.67+7.82 um in treated
eyes and 166.67+£32.53 um in untreated eyes. At 1,000 pm, the mean retinal thicknesses were
149.33+25.82 um in treated eyes and 155.67+35.50 um in untreated eyes. At 1,500 um, the mean retinal
thicknesses were 147.5+44.85 um in treated eyes and 145+28.42 um in untreated eyes (Figure 1B).

In 40-week SDT fatty rats, at 500 pum, the mean retinal thicknesses were 181.25+31.85 um in
treated eyes and 194.5£30.49 um in untreated eyes. At 1,000 pm, the mean retinal thicknesses were
155.25+32.43 pm in treated eyes and 158.5+£33.01 pm in untreated eyes. At 1,500 pm, the mean retinal
thicknesses were 147.75+43.5 um in treated eyes and 138.5+20.5 pm in untreated eyes (Figure 1C).

No significant differences in the retinal thicknesses were seen between the laser-treated eyes and
untreated eyes at either age (24-week SDT fatty rat retinal thickness 500 um from the optic disc,
p=0.944; 1,000 um from the optic disc, p=0.731; and 1,500 um from the optic disc, p=0.910; 40-week
SDT fatty rat retinal thickness 500 um from the optic disc, p=0.569; 1,000 pm from the optic disc,
p=0.892; and 1,500 pm from the optic disc, p=0.713).

Regarding retinal folds, Figure 3A shows retinal folds, suggesting the development of DR in
SDT fatty rats. Retinal folds were seen in all cases as evidence of DR. In 24-week SDT fatty rats, the
mean numbers of retinal folds were 1.17 + 1.94 in laser-treated eyes and 3.17 + 3.43 in untreated eyes.
In 40-week SDT fatty rats, the mean numbers of retinal folds were 3.5 + 1.73 in treated eyes and 2.5 +
1.29 in untreated eyes(Figure 3B).

No significant differences were seen in the numbers of retinal folds between the laser-treated
and untreated eyes of the SDT fatty rats at either age (24-week SDT fatty rat number of retinal folds,
p=0.242; 40-week SDT fatty rat number of retinal folds, p=0.390).
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Figure 3. (A) Retinal folds (arrows), defined as deformed tissue extending from the photoreceptor
layer to the outer retinal granule layer, are counted from the optic disc out to 1,500 um. (B)
Comparison of the numbers of retinal folds in treated and untreated SDT fatty rats. R, right; L, left;
PC, photocoagulation.

3.3. Immunohistochemistry

In DR, increased levels of VEGF and GFAP are seen in ganglion cells, so the percentage for the
area positive for VEGF and GFAP immunostaining is higher in DR in SDT fatty rats [9]. If DR is
suppressed, the positive area ratio of both VEGF and GFAP should be reduced. Figures 4A and 5A,
respectively, show immunostaining for VEGF and GFAP performed on the tissue sections for
immunohistochemical studies compared to the original images.
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Figure 4. (A) Quantitative analysis of VEGF-positive areas. The top is the original image, the bottom
is the processed image. Positive areas were quantitatively analyzed and area ratios were calculated
using Hybrid Cell Count Module/BZ-H3C software (Keyence, Chicago, IL, USA) within 1,500 pm
from the optic disc. Blue indicates positive areas; magenta indicates negative areas. (B) Comparison
of areas positive for VEGF in treated and untreated SDT fatty rats. R, right; L, left; PC,
photocoagulation.

The results of each average area ratio are shown below. In 24-week SDT fatty rats, the mean
VEGF-positive area ratios were 14.4+4.87% in treated eyes and 11.5+2.53% in untreated eyes. In 40-
week SDT fatty, the mean VEGF-positive area ratios were 12.4+1.99% in treated eyes and 17.7+5.87%
in untreated eyes. (Figure 4B)

In 24-week SDT fatty rats, the mean GFAP positive area ratios were 11.5£1.93% in treated eyes
and 9.0+6.0% in untreated eyes. In 40-week SDT fatty rats, the mean GFAP positive area ratios were
12.3+3.24% in laser-treated eyes and 9.8+4% in untreated eyes. (Figure 5B).

No significant differences in VEGF immunostaining were seen between the untreated eyes and
treated eyes of SDT fatty rats at either age (24-week SDT fatty rat area positive for VEGF, p=0.264; 40-
week SDT fatty rat were positive for VEGF, p=0.193). In addition, no significant differences in GFAP
immunostaining were seen between the untreated eyes and treated eyes of SDT fatty rats at either
age (24-week SDT fatty rat area positive for GFAP, p=0.078; 40-week SDT fatty rat area positive for
GFAP, p=0.260)
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Figure 5. (A) Quantitative analysis of GFAP-positive areas. The top is the original image, the bottom
is the processed image. Positive areas were quantitatively analyzed and area ratios were calculated
using Hybrid Cell Count Module/BZ-H3C software (Keyence, Chicago, IL, USA) within 1,500 pm
from the optic disc. Blue indicates positive areas; magenta indicates negative areas. (B) Comparison
of the areas positive for GFAP in treated and untreated SDT fatty rats. R, right; L, left; PC,
photocoagulation.

4. Discussion

The SDT fatty rats used in this study were treated with laser at 8 weeks of age, the stage
considered to be presymptomatic for retinopathy [7,8], so we believe that there were no avascular
areas present at that time. The purpose of this study was to investigate whether retinopathy can be
prevented by performing pattern scanning laser on the retina without avascular areas before the onset
of retinopathy.

This study focused on the reduction in oxygen demand during retinal photocoagulation. Retinal
photocoagulation is the first-line treatment to stop progression of retinopathy. Photocoagulation
performed on ischemic retina causes degenerative necrosis of the photoreceptor cells and retinal
pigment epithelial cells (RPE), which consume a large amount of oxygen. Ischemia is corrected by
reducing the metabolic demand in the outer retinal layer and the associated reduction in oxygen
consumption. Those maintain the oxygen tension in the inner retinal layer and the function and
metabolism of glial cells and vascular endothelial cells. As a result, the production of angiogenesis-
promoting factors such as VEGF is suppressed, which is thought to prevent development and
regression of new blood vessels. In short, photocoagulation performed on ischemic retina suppresses
progression of DR. The idea was to use this mechanism to prevent the onset of DR by performing
photocoagulation before retinal ischemia has the opportunity to develop.

We also focused on the mechanism by which retinal photocoagulation suppresses VEGF
production. The idea was that stimulation of RPE by retinal photocoagulation using a pattern
scanning laser would promote PEDF secretion from the RPE, which would suppress VEGF
production and prevent development of DR. Unfortunately, we did not find a preventative effect of
prophylactic pattern scanning laser retinal photocoagulation on the development of DR in SDT fatty
rats.

In this study, we set up the laser after several tests based on various studies [23,24]. A power of
360 mW, an irradiation time of 20 ms, and a spot size of 200 pm (retinal spot size, 330 pm) were used
to create moderate scars, which match the settings of an actual clinical pattern scanning laser. Since
rats do not have a macula, coagulation was performed circumferentially, leaving a space of one
coagulation spot from around the optic disc. When the rats moved due to the decay of the anesthetic
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effect over time, the laser was stopped halfway. Therefore, as a result of this, some rats received fewer
lasers than originally planned.

Adjusting the laser power and coagulation number had to be done carefully. If the laser output
is too strong or the number of coagulation spots is too high, it would lead to complete necrosis of the
RPE cells and production of PEDF expression; release might also decrease at the same time. However,
if the laser output is too weak, it would not lead to a decrease in the amount of oxygen used by the
RPE cells. In addition, the expression and the amount of PEDF released cannot be obtained
sufficiently. When we tested the coagulation output at 400 and 450 mW, there was a tendency for
over-coagulation, and at 280 to 300 mW, faint coagulation spots appeared; when we set the laser to
360 mW, the result was solid coagulation spots, which were confirmed in all rats. However,
pathological examination showed no obvious retinal and choroidal damage due to laser treatment.
The reason for this may be that, although appropriate coagulation spots were produced, the laser
power was weak. In addition, since retinal analysis was performed at 24 weeks of age after waiting
for the onset of DR, it is possible that the retinal scar improved due to the ability of SDT fatty rats to
recover from retinal damage. In the future, it will be necessary to perform pathological analyzes at
various ages of the animals and compare them.

Another consideration is that SDT fatty rats have such severe hyperglycemia during the early
weeks of age that photocoagulation alone cannot completely stop retinopathy progression in SDT
fatty rats. SDT fatty rats already had a blood sugar level in excess of 600 mg/dl at 8 weeks, but it was
confirmed that they had not yet developed DR [7,8]. After that, the characteristics of DR, such as
retinal thickening, gradually appear. It has been proven that normalization of oxygen partial pressure
as the result of laser application greatly contributes to preventing exacerbation of DR, but the complex
molecular mechanisms that occur in DR have not been fully elucidated. Including VEGF and AGEs
mentioned previously, increases in the polyol pathway, protein kinase C, expression of growth
factors such as insulin-like growth factor-1, haemodynamic changes, oxidative stress, activation of
the renin-angiotensin-aldosterone system, and subclinical inflammation and capillary occlusion are
involved in the onset and progression mechanism of DR [25]. There is a high possibility that various
and complicated yet-to-be-defined mechanisms occur in SDT fatty rats whose high blood sugar
continues for a long period of time, and normalization of oxygen partial pressure by only
photocoagulation may not normalize the oxygen partial pressure and prevent progression of DR.

We used a pattern scanning laser, which is widely used in clinical practice, but subthreshold
micropulse lasers are now being used for diseases such as intractable DR and are attracting attention
[26]. Compared to pattern scanning lasers, subthreshold micropulse lasers have a shorter irradiation
time and irradiate only the RPE with a low-energy laser that does not destroy and even can regenerate
retinal tissue [27]. It is used for various diseases such as for diabetic macular edema, proliferative DR,
central serous chorioretinopathy, macular edema secondary to branch retinal vein occlusion, and
glaucoma. Considering the strong effect while minimizing intraretinal damage, it is possible that a
stronger laser power than that used in this experiment could stimulate the RPE and lead to PEDF
secretion.

In this study, we tried pattern scanning laser on SDT fatty rats and focused on both stabilizing
the oxygen partial pressure in the inner retinal layer and promoting PEDF expression in the RPE, but
did not obtain any results. PEDF is an important factor that suppresses VEGEF. If retinal
photocoagulation, which is already widely used in clinical practice, can be applied both to suppress
progression of DR and prevent its onset, it will become a new, simple, and safe preventative method.
Future experiments should quantify and investigate changes in PEDF after retinal photocoagulation
with various types and powers using the enzyme-linked immunosorbent assay method.

5. Conclusions

Prophylactic pattern scanning laser retinal photocoagulation for DR in SDT fatty rats was
unsuccessful. However, preventing DR is an urgent issue that needs to be addressed. We believe that
further research is needed to discover simple and clinically applicable methods for preventing the
onset of DR.
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