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Abstract

The purpose of this study was to investigate the therapeutic effects of 670 nm irradiation in patients with diabetic macular edema. In several
studies, positive effects of red/near-infrared irradiation showed in a range of ocular diseases such as macular degeneration, macular edema, and
retinitis pigmentosa. This study was conducted on forty five eyes of 26 diabetic patients with macular edema between the ages of 51 and 80.
Measurement of visual acuity and slit lamp examination, funduscopy, and optical coherence tomography were performed in all subjects. None of
the patients had proliferative retinopathy. We used a portable LED device (Warp 10, Quantum Devices) for treatment. Patients held this device at a
distance of 3 cm from their eyes for 240 seconds for three months. Full ophthalmic examinations were repeated 1, 2, and 3 months after treatment.
After 3 months, the mean visual acuity improved from 0.44 + 0.38 log MAR to 0.27 + 0.24 log MAR and vision increased by 1.52 + 1.16 lines post
treatment (p<0.001). The mean central macula thickness decreased from 381.49 + 144.40 um to 359.72 + 128.84 um (p=0.050). In patients with
mild and moderate nonproliferative diabetic retinopathy, the mean central retinal thickness decreased 52.06 + 67.78 um and 39.27 + 44.69 pm,
respectively, but patients with severe type showed an increase of 34.93 + 65.65 um in the mean central retinal thickness (p<0.001). Also, the
severity of macular edema had no effect on final outcomes (p>0.05). Photobiomodulation can positively affect diabetic macular edema, especially
in patients with mild to moderate diabetic retinopathy.
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Pesiome
Llenbto aaHHOW nccnefoBaTenbCcKon paboTbl ABNANOCH N3yUeHre TepaneBTUYECK/X SPHEKTOB U3NTyUeHUsA C JJIMHOW BOJHbI 670 HM y nauu-
EHTOB C AMabeTMUeCKM MaKyNAapHbIM OTeKOM. PAa npeabiayLwyx NccnefoBaHnin CBULETENbCTBYET O NMOMOXKUTENbHOM 3ddeKTe KpacHoro /
MHGPaKPaCHOro 13yyYeHWA NPU HEKOTOPbIX 3ab0NIeBaHUAX a3, TakUX Kak MaKynoancTpodua (AereHepaLma »enToro nATHa), MakynAapHbIN
OTEK U NUTMEHTHbIN PEeTUHUT. Halle nccnefoBaHve 6bi1o NpoBeaeHo Ha 45 rnasax y 26 60/bHbIX CaxapHbIM ArabeTom B Bo3pacTte oT 51 go
80 neT ¢ MaKynApHbIM OTeKOM. Bcem naumeHTam 6binv NpoBefeHbl onpeaesieHne oCcTPOThl 3PEeHMs, OCMOTP /1a3 LWenieBor nammnoi, dbyHao-
CKOMUA 1 OMTUYecKas KorepeHTHasA Tomorpadua. Hu y ogHOro 13 naymeHToB He 6b110 nponudepaTBHOM peTrHoNaTu. [1na neyeHnsa Hamu
ObIN1 MPUMEHEH NMOPTATUBHBIV CBeTOAMOAHbIV Npubop (Warp 10, Quantum devices). MaLneHTb Aepxany CBETOAMOL Ha PAcCTOAHUN 3 CM OT
rnasa B TeyeHue 240 cek B TeyeHue 3 mec. Bce odpranbmosnornyeckme nccnefoBaHus 6binv NOBTOpeHbl yepes 1, 2 1 3 Mec nocse npoBeaeHus
neyebHoN npoLeaypbl. Yepes 3 mec cpefHAA OCTPOTa 3peHUA ynyULMIach C NokasaTtenem oraprdma MMHUMANbHOrO yrna paspeLieHus 0,44
+ 0,38 po 0,27 + 0,24, uTo NOKasano yBennyeHve nokasaTena ocTpoTbl 3peHusa Ha 1,52 + 1,16 nocne neyerus (p<0,001). CpefHAA LeHTpanb-
HasA TOMLWMHA CeTYATKM B 0651aCTN MaKysibl yMeHblmnach ¢ 381,49 + 144,40 Mkm o 359,72 + 128,84 mkm (p=0,050). ¥ naumeHToB C nerkomn
1 yMepeHHOW HenponudepaTUBHON AnabeTnyeckon peTuHonaTuen CPefHAA TOMLWMHA CeTYaTKM YMeHbLumMnack Ao 52,06 + 67,78 n 52,06 +
67,78 MKM, COOTBETCTBEHHO, @ Y MaLIMEHTOB C TAXENION peTMHonaTuel Habnoaanoch yBenuyeHune Ha 34,93 + 65,65 mkm (p<0,001). Momurmo
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TOro, CTeneHb MaKy/IAPHOro OTeKa He MOBANAA Ha OKOHYaTeNbHbIN pe3ynbTaT neveHuns (p>0,05). Dotobromopynauma bbina 3¢pdeKTnBHON
npu frnabeTyeckom MaKyAapHOM OTeke, B YaCTHOCTW, Y MaLMEHTOB C IErKo 1 yMepeHHON inabeTnyeckon peTrHomnaTuei.

KnioueBble cnoBa: anabeTnuecknii MakyaspHbI oTek, poTobruomopynaums, uabeTnyeckas peTrHonaTus.

Ona untuposaHus: Ramin S., Ahadi M., Ebrahimi A. A study of therapeutic effects of 670 nm irradiation in different types of diabetic macular
edema // Biomedical Photonics. - 2020 - T.9, N2 4. — C. 15-22. pp. 15-22. doi: 10.24931/2413-9432-2020-9-4-15-22.

KoHTtakTbi: Ramin S., dr.shahrokhramin4d6@gmail.com, Ahadi M., sepid01@yahoo.com

Introduction

According to International Diabetes Federation (IDF)
reports, the global prevalence of diabetes among adults
over 18 was 8.4% in 2017. The number of patients is ex-
pected to increase to 693 million by 2045 [1]. Visual im-
pairment due to diabetes is a major global health prob-
lem in the world. Diabetic macular edema (DME) and
diabetic retinopathy are the main causes of visual im-
pairment in these patients affecting their activities and
lives [2-3]. Chronic hyperglycemia causes the generation
of advanced glycation endproducts (AGEs), activation of
protein kinase C, upregulation of vascular endothelial
growth factor (VEGF), vascular endothelial dysfunction,
and increased vascular permeability and chronic in-
flammation [4-5]. Treatment modalities include laser
photocoagulation and anti-vascular endothelial growth
factor (VEGF) drugs with aggressive control of glycemia.
Although these methods have been effective against
macular edema, they have disadvantages such as de-
creased vision in some patients, a need for repeated in-
jections, and high costs [6-8].

Several studies demonstrated the therapeutic effects
of red to near-infrared light (NIR) (630-1000 nm) by us-
ing low-level lasers or light-emitting diode (LED) arrays.
Light photons can penetrate into living tissues, and
the absorbed energy creates photochemical changes
within cellular structures that define photobiomodula-
tion (PBM) therapy. Photobiomodulation therapy affects
endogenous chromophores in the body and improves
the biological functions of cells without heating or dam-
age [9-12]. In the injured optic nerve, this approach has
shown the potential to reduce inflammation and allevi-
ate degeneration. Following photo-irradiation of ner-
vous cells, cytochrome oxidase production is increased,
and the activity of the cytochrome oxidase inhibitors is
reduced [13]. In another study, NIR irradiation of the op-
tic nerve following an injury in a transcranial manner re-
duced oxidative stress. Reduced oxidative stress by NIR
light improved function in the CNS post traumatic inju-
ry in vivo [14]. Photobiomodulation has shown positive
effects in the treatment of strokes and myocardial in-
farction, and stem cell proliferation [15]. The first study
of photobiomodulation efficacy in the treatment of dry
age-related macular degeneration (AMD) was conduct-

ed by Merry et al. They demonstrated improvements of
functional and anatomical outcomes in their subjects
with PBM therapy [16]. PBM effects on diabetic macular
edema was studied by Tang in a pilot study. Daily pho-
tobiomodulation caused a significant reduction in focal
retinal thickening and improved vision in treated eyes.
He reported PBM as an effective and non-invasive meth-
od to treat diabetic macular edema lesions. [17]. In previ-
ous studies, PBM was reported as a safe method without
side effects [9-10, 17].

According to this evidence, photobiomodulation
might have positive effects in diabetic macular edema.
Therefore, the present study is designed to evaluate
whether 670 nm irradiation has therapeutic effect in
diabetic macular edema, focusing on different types of
edema and several stages of nonproliferative diabetic
retinopathy.

Materials and Methods

This study was conducted on 26 diabetic patients in
Abhar, Iran, in 2019. Our study followed the tenets of the
Declaration of Helsinki and was approved by the Human
Ethics Committee of Shahid Beheshti University of Medi-
cal Sciences (IR. SBMU. RETECH. REC. 1398.558). After ap-
proval by the human ethics committee of the University,
diabetic patients were recruited from an eye clinic. All
patients had diabetic macular edema and associated de-
creased visual acuity. Only patients who did not wish to
receive the standard treatment or had not responded to
current modalities participated in this study. In our pa-
tients, visual acuity measurement with ETDRS chart, slit
lamp examination, funduscopy, and optical coherence
tomography were performed. According to the Interna-
tional Clinical Diabetic Macular Edema Disease Severity
Scale [18], diagnosis of diabetic macular edema was ap-
proved on the basis of clinical findings and optical coher-
ence tomography (OCT SD) data. Exclusion criteria were
a history of systemic or topical anti-inflammatory drugs
usage, intravitreal injections of steroids and anti-VEGF, fo-
cal laser therapy within 1 year, and evidence of prolifera-
tive diabetic retinopathy. The treatment method was de-
scribed to all patients, and the consent form was received
from them. Photobiomodulation therapy was applied
using a portable LED device Warp 10 (Quantum Devices).
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This device emits red light at a wavelength of 670 nm with
25 J/cm? energy in 3 cm distance to an eye. The duration
of treatment was three months, and it was carried out at
home. Our patients would keep this device at a distance
of 3 cm from their eyes for 240s three times a week in the
first month. In the following month, they performed pho-
tobiomodulation two times a week, and in the last month,
they continued it weekly. After three months, all examina-
tions were repeated, and changes in ocular findings were
considered as the final outcomes.

Statistical analysis of results was performed by SPSS
software version 18. After the assessment of normality
of data distribution with the Shapiro-Wilk test, we used
Student’s, Wilcoxon, and Kruskal-Wallis tests for statisti-
cal analysis of results.

Results

Twenty six patients (11 male and 15 female) with a
mean age of 63.44 + 7.51 (range 51-80) years participat-
ed in this study. During this study, routine treatment of
diabetes, including drugs and diet, were not changed in
all patients. Mean FBS in the first and final examinations
were 200.11 + 54.68 and 193.35 + 61.25, respectively.
The mean spherical equivalent was 0.68 + 0.89 diopter
(D) with range -2.0 to +3.25 D. Photobiomodulation was
performed in both eyes of 19 subjects and did in one eye
of 7 patients. Eighteen eyes had mild nonproliferative
diabetic retinopathy (NPDR), 13 eyes had moderate non-
proliferative diabetic retinopathy, and 14 eyes were in
a stage of severe NPDR. In terms of severity of disease,
DME in 8 eyes was mild, in 15 eyes was moderate, and in
22 eyes was severe. According to morphology of edema,
8 patients had simple edema, and 26 patients had cys-
toid type, and 11 of them had neuroretinal detachment.

Initially, the mean visual acuity of patients was 0.44
+ 0.38 log MAR that improved to 0.29 + 0.25 log MAR,
0.26 + 0.28 log MAR, and 0.27 + 0.24 log MAR after one,
two, and three months, respectively (p < 0.001). The
mean visual acuity in patients increased 1.52 + 1.16 lines
after 3 months. While visual acuity improved in 67%
of subjects (between 1-2 lines in 19 eyes (42%) and
more than 2 lines in 11 eyes (25%)), no positive effects
were observed in 33% of eyes (no change in visual acu-
ity in 9 eyes (20%), and decreased visual acuity in 6 eyes
(13%)). The mean central retinal thickness was 381.49 +
144.40 pm primarily and decreased to 359.72 + 128.84 um
after 3 months (p=0.050) (figures 1-3). At baseline, the
mean retinal thickness in 3 mm central circle was 404.16+
91.15 um that decreased to 390.24 + 97.87 um after treat-
ment (p=0.004) and the mean retinal thickness in 6 mm
central circle was 367.54 + 76.37 um primarily that de-
creased to 356.31+ 83.03 um finally (p=0.002). The mean
retinal thickness decreased 20.47+ 72.20 um (range: from
275 um decrease to 121 pm increase in thickness), 14.01
+ 40.13 pym (range: from 130 pm decrease to 118 ym in-

crease in thickness), and 11.21 + 39.22 um (range: from
155 um decrease to 136 um increase in thickness) in the
central, 3 mm circle, and 6 mm circle respectively (Table 1).

According to changes of the retinal thickness, patients
were divided in three groups: stable, decrease, and in-
crease. Nine eyes (20%) had no change in the central reti-
nal thickness (£10.00 pm changes in the retinal thickness).
Twenty five eyes (56%) showed reduction of the central
retinal thickness (from 10 to 50 um decrease of the mean
retinal thickness in 14 eyes (31%) and from 50 to 275 um
decrease of the mean retinal thickness in 11 eyes (25%)).
Also, the central retinal thickness increased in 11 eyes
(24%) (from 10 to 50 um increase of mean retinal thick-
ness in 6 eyes (13%) and from 50 to 121 um increase of
mean retinal thickness in 5 eyes (11%)).

The severity of macular edema had no effect on
final outcomes (p>0.05). Central retinal thickness de-
creased 12.25 £45.01 um, 17.15 £ 33.30 um, and 25.41+
95.17 um in mild, moderate, and severe macular edema
respectively (Table 2). The morphology of macular ede-
ma had significant effect on central retinal thickness
(p=0.01). The mean central retinal thickness decreased
19.50 + 26.36 um and 41.23 + 70.84 um in simple and
cystoid macular edema, respectively, but it increased
28.09 + 72.71 pym in neuroretinal detachment macular
edema (Table 3).

Furthermore, the rate of central retinal thickness
changes depended on the severity of diabetic retinopa-
thy. In patients with mild and moderate NPDR, the mean
central retinal thickness decreased 52.06 + 67.78 um and
39.27 + 44.69 pm, respectively, but patients with severe
NPDR showed the rate of 34.93 + 65.65 umincrease in the
mean central retinal thickness (p<0.001). Fourteen eyes
(78%) with mild NPDR and 8 eyes (61%) with moderate
NPDR showed a reduction of macular thickness between
10 to 273 pm. Of the total 14 eyes with severe NPDR,
3 eyes (21%) had 10 to 135 um decrease of central retinal
thickness, and 10 eyes (70%) had 10 to 121 pm increase
of central retinal thickness. Eight patients (15 eyes) had
a history of previous anti-VEGF injection, and their re-
sults showed no difference from other patients (p>0.05).
Finally, our subjects showed no adverse events such as
blurred vision, inflammation, or increased intraocular
pressure after photobiomodulation.

Discussion

Evidence is growing that photobiomodulation has
beneficial effects in a variety of diseases, including
wound healing, rheumatoid arthritis, cerebral degen-
eration, Alzheimer’s disease, and retinal degeneration
[19,20]. In several studies, therapeutic effects of PBM
were investigated in the field of ocular diseases such
as age-related macular degeneration (AMD), diabetic
macular edema, and retinitis pigmentosa [17, 21-23].
Albarracin et al. showed protective effect of NIR light in
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Table 1

Results of photobiomodulation at baseline and during the study
Ta6nuua 1

PesyAbTaThl pOTOOMOMOAYAALMU AO U BO BPEMSA UCCAEAOBAHUSA

“ iy m_

E{eSt Carrected Visual Acuity 044+038Log MAR  027+024logMAR  <0.001
annyJllana CKOppekTnpoBaHHaA OCTPOTa 3peHnA

Mean central macular thickness

381.49 + 144.40 um 359.72 + 128.84 um 0.050

TOJ'ILL[,I/IHa MaKyJibl B LEHTPE
Mean minimum central macular thickness 332,60 + 11737 um 309.17 + 113.09 um 0.005
MuiHMManbHasA TONLWMHaA MaKyJbl B LLlEHTpE
Mean maximum central macular thickness 46151 + 130,01 um 438.26 + 125.92 um 0.087
MakcumanbHas TOJILWMHa MaKyJibl B LleHTpe
Mean 3 mm central macular thickness 40416 +91.15 um 390.24 + 97.87 ym 0.004
TonwmHa makysbl B 3 MM OT LieHTpa
ihigern S it @t ey i s 367.54 + 76,37 um 356.32 + 83.04 um 0.002
TonwmHa makysbl B 6 MM OT LileHTpa

Table 2

Results of photobiomodulation according to Macular Edema Severity

Ta6nuuya 2

Pe3yI\bTaTbI (bOTOﬁVIOMOAyI\ﬂU.VIVI B COOTBETCTBUU CO CTEMNEHbIO TAXXECTU OTEKa XXEATOro nATHa

Retinal thickness Retinal thickness
Visual acuity Retinal thickness changes changes 3 mm from changes 3 mm from
Macular Edema | improvement (line) in the center (um) the center (um) the center (um)

Mild Edema

Cnabbin otek 2.07 £0.98 -12.25+45.01 -5.38+5.71 -12.25+10.21
n=8 eyes

Moderate Edema

YMepeHHbI oTeK 1.50 = 104 -17.15+33.30 -12.77 £29.44 -15.54 £ 22.80
n=15 eyes

Severe Edema

CunbHbIN OTEK 1.32+1.27 -25.41+95.17 -18.15+52.73 -8.00 + 53.36
n=22 eyes

P 0.339 0.952 0.616 0.503

Table 3

Results of photobiomodulation according to macular edema morphology

Ta6nuua 3

Pe3ynbTaTbl $OTOOMOMOAYAALIMU B COOTBETCTBUU C MOPGHOANOTUEN OTEKA XKEATOrO NATHA

Visual acuity Retinal thickness Retinal thickness Retinal thickness
improvement | changes in the center | changes 3 mm from changes 3 mm from
Macular Edema (line) (pm) the center (um) the center (um)

Simple Edema

MpocTom otek 1.75+1.10 -19.50 + 26.36 -7.50+4.81 -12.17+7.63
n=8 eyes

Cystoid Edema

LincronpaHbiin otek 1.88 +0.89 -41.23 £70.84 -24.86 + 37.41 -24.71 £ 35.88
n=26 eyes

Neuroretinal detachment

HenpopeTtunHanbHasa oTcnolika 049+ 1.24 +28.09 £ 72.71 +6.36 + 49.46 18.73 £41.69
n=11 eyes

p 0.010 0.014 0.028 0.001
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Fig. 1. A: Pre Photobiomodulation OCT of a patient with BCVA:
0.22 Log MAR. B: Post photobiomodulation OCT of same patient
with BCVA: 0.05 Log MAR after three months.

Puc. 1. A: OnTuyeckas KorepeHTHas Tomorpadus nepen
doTo6MomoaynsLuMen nauneHTa ¢ Hauny4en KopperupyemMmon
OCTPOTOW 3peHus: orapudm MMHMMaNbHOrO yrna paspeLleHus
0,22; B: OnTnyeckas KkorepeHTHast Tomorpadus nocne
doTo6MOoMOAYNALMY NaLUeHTa ¢ HaunyyLWen Kopperupyemon
0OCTPOTON 3peHus: Yepe3 3 mec lorapudm MUHUMANbHOTO yrna
paspeweHus 0,05

Average Thickness [um)
Vol [mm’]
11 z‘ﬂ/, 7 97,;2
473

0.74

434 | 504 ‘438 434 232
§ 230079\ 038

Average Thickness [um]

Vol (mm?]_— g ——_
862 o
\?(-—-‘

N \

| 373|418
\1.98 065

Fig.2. A: Pre photobiomodulation OCT of another patient with
BCVA: 0.80 Log MAR. B: Post photobiomodulation OCT of same
patient with BCVA: 0.30 Log MAR after 3 months.

Puc. 2. A: OnTuyeckasi KorepeHTHas Tomorpadus nepen
doTobMoMoOAaynALMEN APYroro NnaLmeHTa ¢ Hanay4wen
KOppermpyemou ocTpoTol 3peHus: Norapudém MUHUMaIbHOTO
yrna paspeuwieHus 0,80; B: OnTuyecKas KorepeHTHas
Tomorpadus nocne ¢oTo6MOMOAYNALMU NALMUEHTA C HaUyLLEen
Koppermpyemomn ocTpoTol 3peHus: Yyepes 3 mec norapudm
MWHUMaNbHOro yrna paspewwenus 0,30

Average Thickness [um)
Vol [mm’
9.01

Fig. 3. A: Pre photobiomodulation OCT of another patient with
BCVA: 0.20 Log MAR. B: Post photobiomodulation OCT of same
patient with BCVA: 0.25 Log MAR after 3 months.

Puc. 3. A: OnTnyeckasi KorepeHTHas Tomorpadus nepen
doTo6rMomoaynsaLmMen nauneHTa ¢ Hauay4en KopperupyemMmon
OCTPOTOW 3peHus: norapudm MUHUMANbLHOIO yria paspeLleHus
0,20; B: OnTuyeckasn KorepeHTHas Tomorpadus nocne
doTo6MomMOayNALMY NauneHTa ¢ Haunydlen Kopperupyemon
0OCTPOTOM 3peHus: Yepe3 3 mec orapudm MUHUMaNbLHOIO yrna
pa3peweHus 0,25

the albino rat retina from light-induced photoreceptor
degeneration. This protective effect appears to involve
a reduction of cell death and inflammation [21]. Ivandic
and Ivandic evaluated therapeutic effects of photobio-
modaulation in 203 patients with AMD. Visual acuity im-
proved in 97% of the subjects [22]. Merry et al. studied
the efficacy of PBM in 42 eyes with dry AMD. PBM re-
sulted in a significant improvement in mean BCVA and
contrast sensitivity. Although drusen volume decreased,
overall central retinal thickness and retinal volume re-
mained stable. They reported these results were related

BIOMEDICAL PHOTONICS T.9,N24/2020

to anti-inflammatory, anti-oxidative, neuroprotective,
and anti-apoptotic properties of PBM [23]. Tang et al.,
in another study, demonstrated the efficacy of PBM in
four eyes of 4 diabetic patients as increased visual acu-
ity and 20% reduction in macular thickness in all treated
eyes [17]. In agreement with previous works, our results
showed the beneficial effects of photobiomodulation.
In 67% of subjects, vision improved, and visual acu-
ity increased more than 1.50 lines after treatment. Im-
provement of vision occurred for two months and then
remained stable for the third month. Positive effects of
PBM were observed in all three types of mild, moderate,
and severe types of macular edema. In our study, the
rate of improvement was related to the morphology of
edema. Cystoid form of edema showed a better response
to PBM associated with decreased honeycomb spaces.
Macular thickening after PBM decreased to approach
near normal architecture, and retinal layers were more
regularly arranged. Interestingly, the amount of thera-
peutic effects of PBM on macular edema was dependent
on diabetic retinopathy severity. In patients with mild to
moderate nonproliferative diabetic retinopathy, macular
edema decreased after photobiomodulation. However,
in the majority of patients with severe nonproliferative
diabetic retinopathy (70%), photobiomodulation could
not arrest or regress macular thickening.

Direct and indirect mechanisms of biological effects
by PBM are still under investigation. Previous studies
demonstrated beneficial effects of PBM on the activ-
ity of cytochrome oxidase, activation of light-gated ion
channels, stem cell proliferation, and anti-inflammatory
actions [24]. Activity and expression of cytochrome
oxidase in retinas of diabetic rats was not affected by
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PBM. Although, some studies showed increased cyto-
chrome oxidase activity in retinal pigment epithelium
[19, 25]. The beneficial effects of PBM on stem cells have
been investigated in several studies [19, 24, 26]. Prolif-
eration of mesenchymal stem cells and cellular viability
was enhanced by multiple exposures to 630-nm LEDs
[26]. In diabetic mice treated with PBM, the number of
c-Kit* cells in the circulation increased, which was related
to a significant effect of photobiomodulation on stem
cells [19]. However, the lack of accumulation of c-Kit*
cells within the neural retina or retinal vasculature dem-
onstrated no positive effect of PBM on stem cells in the
retina in diabetes [19, 24, 27]. Several studies showed
that photobiomodulation inhibited the oxidative stress
and inflammation development in the diabetic retina,
as well as upregulating survival pathways [25, 28]. The
pathogenesis of diabetic retinopathy is related to oxida-
tive stress (upregulation of reactive oxygen species (ROS))
and inflammatory changes (increased pro-inflammatory
cytokines and nitric oxide) in the retina [29]. Oxidative
stress-induced damage of mitochondrial DNA leads
to impaired transcription of electron transport chain pro-
teins, which compromises electron transport chain func-
tion and further intensifies ROS production [30]. Also,
leukocyte adhesion and endothelial cell death cause the
structural and functional abnormalities related to diabet-
ic retinopathy [24, 31]. Heo et al. assessed the anti-oxida-
tive effect LED of 660 nm in hippocampal cell line and the
activation of cAMP response element. Photobiomodula-
tion therapy inhibited apoptosis of hippocampal cells in-
duced by oxidative stress and increased neurotrophic
factor expression [32]. de Oliveira et al. studied oxida-
tive stress markers following low-intensity laser therapy
on rats subjected to a high-intensity resistive exercise
session. They stated that LLLT prior to resistive exercise
reduced the oxidative stress markers and increased the
antioxidant capacity [33]. In another study, Saliba et al.
assessed the protective effects of far-red light exposure
against retinal oxidative stress and inflammation in dia-
betic mice. PBM improved diabetes-induced changes in
superoxide generation, leukostasis, expression of ICAM-1
(intercellular adhesion molecule-1). Also, in assessments,
PBM enhanced both inner and outer retinal uptake of
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manganese, and ion channel function secondary to in-
hibition of the oxidative stress [34]. Finally, some stud-
ies showed an indirect effect of photobiomodulation.
Because of the deep penetration of far-red light into tis-
sues, beneficial effects of PBM via systemic mediators in
kidney and heart of diabetic animals and skin wounds
have been seen [34-36]. This effect of PBM in diabetic
macular edema has not yet been investigated, but due to
the close proximity of the eyes, there may be an indirect
effect of photobiomodulation that needs further evalua-
tion. In addition, our findings indicated that the severity
of diabetic retinopathy influenced on therapeutic effects
of PBM. In the severe stage of diabetic retinopathy, vas-
cular abnormalities result in retinal ischemia, with a re-
lease of proangiogenic factors and enhanced expression
of VEGF [37]. It has been recently revealed that half of the
patients with severe nonproliferative diabetic retinopa-
thy have small preretinal neovascularization not seen on
clinical examination or OCT [38]. It seems to be essential
to use anti-VEGF drugs in severe cases.

The limitation of this study is that we had no control
group. Moreover, we could not assess vascular changes
after PBM using OCTA. We suggest further studies with
more patients and long-term follow-up and combined
other therapies.

Conclusion

According to our results, PBM can positively affect di-
abetic macular edema, especially in patients with mild to
moderate diabetic retinopathy. Three months of PBM im-
proves the visual function of diabetic patients and re-
duces macular edema by anti-oxidative stress and anti-
inflammatory actions. Also, this method is a non-invasive
and inexpensive method administered at home.
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