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Abstract

e Dry eye disease (DED) is a common ocular surface
disorder worldwide, primarily characterized by a loss of
homeostasis of the tear film, and frequently associated
with meibomian gland dysfunction ( MGD), decreased
tear film stability, ocular discomfort, and visual
impairment. In recent vyears, factors such as the
widespread use of digital devices, the aging population,
and environmental changes have contributed to a
significant increase in its global prevalence, making it a
major public health concern. Red light therapy (RLT),
also known as low - level laser therapy ( LLLT) or
photobiomodulation (PBM), is a non-invasive treatment
that utilizes low - energy red or near - infrared light to
irradiate tissues. It exerts photobiomodulatory effects to
promote cellular repair and functional recovery. This
therapy has demonstrated considerable potential in
treating various ocular conditions. Its broader clinical
application could improve therapeutic outcomes, alleviate
patient discomfort and financial burden, and reduce the
consumption of healthcare resources, thereby yielding
significant benefits. This paper
systematically reviews the multifaceted mechanisms and
application prospects of RLT in managing DED, including
its anti-inflammatory effects, improvement of meibomian
gland function, promotion of conjunctival goblet cell
repair, and alleviation of visual fatigue, aiming to provide
a theoretical foundation and practical reference for its
clinical adoption.

e KEYWORDS: dry eye disease; red light therapy;
meibomian gland dysfunction; mitochondrial oxidative
stress; color vision sensitivity; resistance to blue light
damage; myopia prevention and control
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R 2R 2B IR 20 , L B RRAE 2 T IHAS 12 st
ZE R T BOH AR A2 I 5 B IR A 3 A ) i
DED =245 43 P Fh 2 A BRI K Wk = MR ( aqueous
tear—deficient dry eye) F172& & 4 T-HR (evaporative dry eye) .
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FEFN 25 R A ZTE T MR N TS 25 43 AR S AR TR - i s [
Tl e IL-17 B2k IL-17 @3 5 1L-17 21k 455
P NS S B, 40 NF-«B I MAPK , M 12 1k 42 & 2
1 /i ( matrix metalloproteinases, MMP ) i) 3235, MMP -3 I
MMP -9 &1 i 1 57 J5¢ B il UK 0 G B il , 2 A1) 30 2ot I i &4
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1.2 AXMERIRARINEE  WFFT 3 0 28 & ME TR % 1 bl
W M BE D) BE B % ( meibomian gland  dysfunction,
MGD) '™ i A i S — b LA A5 DR R 76 45 e A 4 43 3 Ty
RE IR K2 B MR , G A B 43 06 14 G: i (- meibum ) 2 — ol piy A
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e R K)Z B S TH RE AR PR I s TH B KR )2 1 2
Ko M MGD PYRFIE S S i 73 A s /b | 3 B0H IR A 2 1Y
MR TN B 78 R s A4 bR, 2o B 28 25 5 B0H B 48
AFRE THIREB IR 2 A AR e 4 M 0 T, 1 1M 5 3
DED [y %41 SEAESR kg4 i1 630-660 nm
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MGD 800 T HRE R FRAE . BFFT IR, 06 A i b Rz 41
JHL P B B 5 185 0 W v MO R AR B i AR, AR
PH 5 ( photobiomodulation , PBM ) 7] LA j2 15 55 28 7 44 I 1,
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1.3 AXRBHLEMRKAMINEERE  AWHETT 55K
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FU L BB ET AT YA AR A i Z AR B R A
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633+10 nm 2L AT 3 5 P06 TH AR 4 i 4 b (R 4 e 2 %5 C
ALl ( cytochrome C oxidase, CCO) , T5H 28 7 AR 9 K £ 7
PR ATP A DB TH AR A0 M A i T ek 2 L )
B 55 00 PR s b €8, 48 £5 0 D' 5 AT i H R 4 2
TNF-o IL—-6 55 5 E A T 1Y 3R 38, 98042 TH AR R AE 3 473, 9
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MARSE AR BAYK 3 min 1Y 670 nm j= (8] BRI AT A
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FE 1 IR S0 R A A DG %) 5 PRI B 11 I i 2R, s AR 1f
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TR R R Y CCO 1Y BT 86 BE | T4 #E ATP
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2575 41 M (retinal ganglion cells, RGCs) T , B
637



ERIRRIZE
E81E . 029- 82245172

2026 F4AF 52608 F4H
85205906

https ://www.ijo.cn
BB 31555 :ij0.2000@ 163.com

P ZORLA D) BE 5 BT LSS B 0GRS CCO LA
fEFE ATP 7F i, i 36 b 2 ST g st AR =, [l 650 -
800 nm ZTGiA RE I/ 98 5iE S W S i P 48 (reactive oxygen
species, ROS) | 7% P & ( reactive nitrogen species, RNS) 7K
- VR A B AR T AR 2 0 SR AT PR I AR
B 670 nm £ZLYGAER 1k RGCs M 2845 57 LIERE L 15 40
SR Y 2 | ALl 2 DD WS 1 v T g/ 2 B A A
Ak, 34 REHE 0 it S8 R4 R Bl A E SRS L Ik
Hb,650 nm ZLG AR SRR 22 58 B AR R A G INAE DO 5 5
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FEAR
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SR I AET B 43 9 5 s, DT Ay B AR 8 4L B 355 A ) A0 i 1R
U XA A B T2 W, R R T TR Y
EFIEE
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PO BB 5 A7 B e S M A L A8 1 R 2 U0 32 s BHL A
il U o R TR Gk LY S T S ) £
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A R A AL R LR AR DB, 38 i ATP A= B, 970
T P A 2 AR 0 A D AR D) 4 L 2 T, A Uk
SEAN T RE A I R T B0 W I B ST
670 nm ZLALRE IR 15 K 52 P A 3 D BE O el /b 2H 21
FRBRAFASE T AR AL 5 SR 2R A T R b R
AR 5 e R ik KR R E AT G T £LE 1l
TR AR ST 22 A I IR Y T e B
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3.1 158 KE IS AV fE I 355 17 A T R A ] B 1 Bl 24
R ABRZ  MAEAR A B 2 FEAHW IR ZE 48 A
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JEHURRY M AVREE O BUR G S A, L RVLAEZE I 29 5 A
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AR PSS X AN A, T Be a1 s HA R el 8 &2 hE
J3, FET A LR A 5 R A SRR ER A R B0 LA 4N
MIDIRE , [F]E L JEE €4, 2% |- K2 (retinal pigment epithelium,
RPE) 556852 3 75 48 35 ML v 2h R h B i 2 g 50T,
HHIEARKH Y YRR T AR R R B4k S 4
Rz X R (HE M RPE S 5484 % A AR Cln i i
Bz ) LA SCH OGRSz 4 DI AR, 2106 ] R 3l 1o 5 4% RPE
0BG Al i 2 AR R A SRR SR B B B RO
PEME S ORI AT 203, 4 s AL I 3 1 R ) . 2056 W]
e T A AL o AR, R A A R R T R S AR, el B 2
fitE TR AN
3.2 LS Hn
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BRI AR K B ) R ST SRR DNA T2 e g,
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PE, RN IEESTCEAAE A (a- R E A) B
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4 REERE
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R
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WF5E 7 1), AR LA J5 1 i — 20 8RO (1) WL 5 A T
b R OBy IR AE AR M AN sh A A v B R R AR YT
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MR ] ZE 4 2.3 s, fH 55 — TR A 810 nm 41,
10 mW/em® J) 38 2% J (19 BfF 5%, i%ﬂTﬂﬁHEﬁ?ﬂZ\ﬁ,@
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ST PPAR R HTXURS: |, S 21 65 AR G IR I 4 ) 2 45
Fo (5) ZHOIE REE . HATHT T2 Bl JNFEAR
B, S5 R PEA B, AR HES) 2 s BEALX R K
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