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Abstract

e Diabetes mellitus (DM),
health problems all over the world, can cause the corneal
nerve damage, changes in tear composition, tear film
dysfunction, increased tear osmotic pressure, immune
inflammation, and apoptosis in the eye, thus increasing
the risk of ocular surface diseases. Among which, the
ocular surface disease is marked by the high incidence of
dry eye. In this article, the relevant factors, prevalence

as one of the most serious

and pathogenesis of diabetes - related dry eye are
reviewed to provide ideas for clinical treatment.
o KEYWORDS: diabetes mellitus; dry eye;
pathogenesis; ocular surface

tear film;

Citation; Han JX, Wang H, Guo JX. Research progress in the
pathogenesis of dry eye associated with diabetes. Guoji Yanke Zazhi
(Int Eye Sci) 2020;20(12) ;2087-2091

035l§

$EPR% ( diabetes mellitus, DM ) & —Fl 2295 A 194G 151
PRI , S 18 T e AR A B PR 5 2 (INs) 49 W S/ B
1’EFFJ%J%BH%I%_E’W§\EEHHHEEthﬁf%ﬂo R 2010
SRR A B o TR 18 % LU b AR A B R HRO R
ik 9.7% , 4 E E iU S ERBE IR B i 2 W E R eI
B Ao AR, DA 2 BOBE SR o 21 et R, B
HIAT 4.63 {CHAE N B ATBEIRS . F BrRols FRps BX 22 (1IDF)
flitt, 3] 2030 44445 5.78 AC A N B A B IR, B 2045
WA TACN B REIRIG . R IRIE B 2k 52 i 4k
J B B OME B 0 E EBOR 2 — |, HAE SRS X 5L B 7
BnR R, TR DUH RS e o £ AR T
AR ASIE AR AR ) 2 R R IR R . THIRA TR 2 JHB 5
FETH i MR 2R 9 AE 5 45145 K i 2 Jaenit S e I R A B
AERALE S AT AR R, B AR PR AR G 2 TR
A IRBFFAR G K J LA e AT i B B R ) i — 2B 48 5
T DR g o IR 2% Je 1 R 5 ) H 35 7 31 IR ) 12 A BB PR
BAMEM, Hrp IR TR RE N E, A
SOKE AR S TR IR A T IR A R IR R B R 5 &
BT SRS — 253k
1 ERAEXTROBFEZRERE

W DR R IR A B R I S v BN W DR R
FHHRTIR A LRI ARG A W 115 45 —I0EF X
120 0% PR 9 58 2 A 120 44 1F % %) B8 41 (0 WF 5 % R,
38. 3% M BE PRI B AT TR, R RS TR # xR |
Wang 25 % 1 e A DR L 38 1 HR HO R o 28.95% , 1
b 5 T OE R BRAL AT A BE R AR TR B R R

%%m?mg%mkﬂkﬁfﬁﬁ.miﬁﬁﬂﬁﬁm

A A KR B, HL 3 TH B A R R D, R TR
Iim‘ 1360 1] 2 UKE FRIp A8 R AT LARE X R LAtk 5T &
T HR A RO RN 17.5% ik i T e g BA% T BE
AIE T B B I RATIR A ST 4 ) R 22 53— 7 T 2
TR B BRI TI2H02 B AR A B w4 A
RS2, 5 —J7 D AT IR 2 bR e AR TR S 80, i
— NI 9a XFAU-R PRGNS T2 HIS 1Y 81480 ] 34
WF5E & B, A PR FR A TR B 320 14.39% , AR B PR 2R
H TR BN 10.11%, PLIAFFE - b i TR Y
SRR I A TR0 SCRCE , R R TR R e, B T

2087



EfRIRRIZRE 2020128 £20% F£12H
815 :029- 82245172 85263940

http://ies.ijo.cn
B8 F{57%§.1J0.2000@ 163.com

B 1 RS B TN RS 4 B A TETEN 5 B SEFE P DR R 19 [ A R

FRAME TN B AR BFC PEIEF A, B
LM AR (50468 6i]) 7 DEWS T iR+ HR ) f&
xR 28 2 AT AR IS M B R D X S R G K R R RE AT
FETHE IR B b, S5 o & BUR R = 5a R
o Lok R R D 2 e o BHEAG SR 3 8 T Bk, B
L VAR PR R TH ISR S I [ 5 4 I S TR O S I
PRI B T IR A LR S A Bl R A 5 T IR A
AHAFANGRHNE, 205 EZNRRBEHEETIRYE
Y J< 9 400 TR0 S0 A8 ) ™ R B W L1 B 11 R O 45 i
A 2R b B IR R T IR Y R R
TAEE N, HARES P51 g W bR 9 10 I R A8 9 ™ E
FERE WAL I £T 26 1 B b ol 55 50 S b o R & A T
AR EE AR R

2 HER R X TR EZ R &

21 ERFEEEHERFE WK A B 4% 4 (DPN)
SRR PR b UL A — ol R I &, & ik 50% LU
BT SRR R AR 2R, AT A = R —
Fo 3T B R A T S 2 s B A AR S A 3 AR
Pl AE N B JE IR 2 B 005, b I A 24 40 1 et A o
BRI T VR M A X A AN 78 06 BEE %, 4045 R
PRI | i 300 8 6 1k 7= W) 2 o0 BE R AR TR H S C
(PKC) i . EMRBGIRET BRI R T £I0
B AR B WIS AL 2K P LR PKC 3076 1 O bl
Yz RS, M M 2 T R 40 i A ) T £ R
Gi., fEppge T, AR A 2500 S B0 2 T REAZ 10 R
ZoE IS AR IR K I LA, AT DI 5 8 B 4 R G
R ME—M LM S REA M T BFE R, ph g
ST YA 3 I 20 T 240 % B A0 W DR 1l 25 28 JR 3 P R
REATG L A 2200 R 0K I 25 R D 25 25 BF T ) 2
MG (B 1), XA S 2A A AR S 80T A AR
TERAETNRE LA AR AR, THAE LA A R
I B AR IR RS T 1 2 T o 5 o R o T AR AR — 3
Dogru %57 i —HF B PR 2 il AS L0 J] R el 2895 2
SHOHB W D AN TR S5 TH B 28 A S
FRAS PR T TR R R AR R W TH AR . B ST SR I 1R AR AR
JIG I A9 40 A AN 4 A 8 BEARORE T 2 AR Bl (E PR R
i 2 N AR AU R R, 2 RS Bk b, S EUIE TR
Ay £ DPN 3B i O S TR (1)
F T 1 RS 20 £ 2 2 1 KK Y R e, S 30 AR v R
R Bk s THRZE &t 225 (2) A M AR A 51

2088

R TH o 28 S Tk 2 % A RS R0 i 0 T I ot H i o 38k
D G IETHWB T WA

22 B HIKE  HIE AL R 4, BR/K AT
f AN AT 1V 22 HoMh 4y, Tl 26 R BB S VR A AR
W PRI e A e e s R R 3K B B4 R A T AR AL, B TH AR
AkasE , T R BCTIRIE R, MR RS T IRZGE AR S
HBREARSHEREIA L, XLEARSE T 2MEEN
YA R, G RAE G AN I LA B B N A AR
1 R YNl 7| O < )1 T PN |8 T R Y 9 o L
PR AR ER AR R I AR T R A, LR AR A
PR 95 R0 1) i A 7 R B A BN, A R LM RS T
B2 THIRER PR A R 0T B Fh T A B D 1]
WL AL R 7= W 7K B T v T LA E 1 fh 3 0 7= 2 ARG
BT, A BRIES TR WE A B AR R
AT R TP AL S W BRI 3 Bl IA R S R R e R
D7 R0 190 555 A5 Bk YH Y08 2 1 e 3 AR AT B el 2 A
AR E SRS, B PR S B TH AR 4R S E R AT ER
], Kim % % BURE R BB HR P A Rk 2Z R EA
JF 20 Ffr, Li 220X} 357 MR (ST K B 66 FhE
J (18.5% ) AN AE A R g5 A1 TR £5 A AE e B vh & B, B IR
o £ TR AP 38 43 B P B A o R AR LA TR
B AR ALY R A R AR M T AR e
RAEMI S LI BRI S B (R Rk it
G S RE M I AR 403 42 K (A B -9 (MMP-9) i
WIEIR F—a (TNF o) 38122 B4R AE OC 2 11 4o s
B EFEAERRE TS G HA 3(1IGFBP-3) i, A 5 & 3
W R 2 TH IGFBP =3 /K E i 3.5 £ ARG
FEEWMBEECE A TR R T Rk BT g
TR SR AE SR HY Ff ot 2 A AR T 1) Y VB R TR 22 K
HAPIR KBy P 4 (SP) Fl/B F 45 2 3k X AH 56 ik
(CGRP) , WAt 25 #i0 3m ad 412 8 1 7 40 B 3T 4% | 38 5 A
A UL B R 9 E S5 g S R T 441 B D e DA 4 5 A I3k T
ASEREE ) BFST & B, 1 BOBE IR R S 2 DPN R
HIHW T SP /K- 3 B AIG, L5505 DR s 9 i RO B 9 A8
DO L5 2 P 7 R B L e B Ao 2 2T A 5 ML O, LI B
SEHTE 2 RUBE PRI B E DL GH B CGRP Y 43 B rp 3ok
PRPEY XA RE S T = R b 5k CGRP il 5
FLgeik SP Al 2 B 2w, — IO /N R AG B ST 6 0, = U
LML ItFRIE CGRP Y% L3k SP iR & 3 f5
PLEPY I, S R IE B CGRP K1) 2 48, st



Int Eye Sci, Vol.20, No.12 Dec. 2020 http .//ies.ijo.cn
Tel:029-82245172 85263940 Email.1J0.2000@ 163.com

O ) 5T 22 (1) FF SRR 22 W s B TH VR o 1 o 2 0
TFEE, TH RO A K5 IR KA b R R
W R A AT T 3 BOH R TR R 2
(AGEs) By % ik 6 & 1] AGEs 5 ¥ 3 4k & 7= 9y % 14
(RAGEs) W45 &4 2175 & FA R L Bz 4 Jf 7 48016 N 3
AR ;1 3 o N NI o o Y e A |
U, 5 R T 5 | RS VH Y P A 35 AR 1 DT P R A S
A B A T — 25 B IR H B R M, ML BT IR
YL,

2.3 HETRE MM E (LG5 AN TH B M AR P 4
B2 JKBZ RS E A2, BUEE D TH S WA, B A
JE BT R BUK B2 22k S 5 TH Y R e 1 S il i
THBALSY ( EZREE ) AR 5T 2 22 18] (4 S i A A
SRAERFIG ST B T)Z 3 E R AR A3, B RE B Lk TH B
Z5 RIS, 2 s Y, 9 ek g A0 3 T 5 7 R R e TH Y
AR B JE FT BRI & B0, B PR TR I JISS A £ 2 TH P g
JoJ2 VR BE RS, TH RS M T R, I 5 0 B A i 78 465 4 ek
AAFAERA SR T G AR R T B 5 TH RS 2 IR G &R
U AR R T RE AR TR 2 ORI AR AR
PRI B N B OB AR KGR A0 (45 T A i e 4
EEIEH X R R B R TR R T
JBR 5% R PL/ Ble = 0 AW G A B 4 7 A 0
WAL, RS R, S R 4L e, 2 RS O /N B
AR R FE PR & A T ek 2R, HLAE 2 AUBE IR /N R A, AR
S FE SRR A SE T A O, TR A LR 3=
BEAMA KA T BT S BRI 4
I 360 9 JBE S AR T AR DR 4, T IR A K AR R AR 1Y
RFAEBEIRIGAL ™ BB WS IR s 1 i a0k e, B ok,
TR TN, B ofn 5 BE R R . AR PRI A 01 R P s 100 1Y
JRER A v, S A IR v A i % AR AR AR TR IR AR [
BF, B PR B IR T VAR ARV 2 5, Qs E S IR Ay
b 74 TR S I s BRI RERES L E S E N
NRIESE . Ne oA 45000 25 T SOMR 0L B R ke, vt 240 i
R P ZERL B 2R 2, 40 B 0] 5 08 R 4, i L 4T A 4L 4L
BRI SRS W4 WA T 55, IR B4 I 0 g o 3 2E TR
I, OIS TH G 2 A SR, X R SR
THIRZE & 380 THIB 35 R T i R A 2 4830w R 2 J] L &
A RAE R B RR AN A A B R — 2 T A
ez IHFBUGHAR T REZ I, AHOCHY 5 4 TR A 3 it
AR i Jo 06 RN | A A T i — 2B I, B RTE
UESCTH B 3L B 28 B AU TR B2 58, 38 T RE S
FIH B BOAS BRI 2% 5K ) By i i, A A R B
FHAPRBR A0t 430, FEA A A AT LA 3k 5 VE YR BE JoR 2 A0 AR
R MEA)ZSAE TR S BUHR A &
o, AP ECSIR R RAE A SR HHI B, RAEA R
Tk SR AT R T ARLR 240 R i) 43 | 184 B FORS B 11 40 W0 A 17 T
SO PR A0 R S e IR A IR O 1 T
B, PR A AL A0 2 bR I A A i AR R IR R
HWRAR T AR MR 40 i 2 BH S 34 22 | e RIS L A7
T JE) B Ao 2855 28 R W 2 o AS AR BB R R AR
0 25k AT RE S 40 M v 8 S S0 18 M S RE R AR L T
PEARSG, NI S EOHB U — 2 AR fae ™ Wik, B TR
NRIIIREZ A0, NG I o3 Wi /b | vl 5 30008 I 2 A8 3 TH I AN B
FE 5 T A SN 5 200 0 3 T X SR IR 0 i R AT K

FEHWEA, NS BOE B — 2 AR,
24 BREEEMRET HEBEENRIE TR —
bR, © BN T IR R 3% 45405 & 9 AL I AG e AL
W AT R TEEE B AT Ak K 2 RUAE IR
I KR T R A B A BATURG I vk THTRIB 35 T AR B R
o R T T, DR AR AR R AN R A s R v R
A 2050 Op PR R I g T YRR 0 ek D S Y
THI 2 P TG i T VHIR B8 8 ik TH YA
M5+ (1) TH o W s sk /D, A 0 PR v S8 b vl 1 9H Rk
A8 RGERYAT | P ZR A | A R 2 A T B
TEB S Mg 5 (2) R ZE L3, BR 2 5% JHAE Y HE
A KA 5K B0 3k B TH R & Tl TH R A
M5 (1) AR BB TH I P A 86 A A e AN kA T 78
B2 (2) Wb B B TH P A A R s BT HR
B L — R SRAE S A OE TR EIR R R
Bz A 4 & 1 DR A IR T, AT S5 20K B 1 358 1
A5 PET BT IR IE A,
25 BERERMSMAAT  F RuE RN -5 40 JE
ToERE R TR A A L rh i B S 2R, P2 R
AT AR T e A e T AR S5 TR
PRIGAHET IR B Bt . A IR, BB IR 2%
e BERCIARE R AN F W /- & 1(IL-1) | IL-6 , TNF-«
85 b RS PR AN (APC) . ThEER
VAT ME T 4IRS BE RSSO T 40, 45 R S B T
(Th) 17 4, X H 0 BRI AR 0 T 40 it 7 iR a1k I 1
IKSESE I AR T IEAS BR300 FE B APC B HE B
T, W4 R (IFN) —g f9 CD4™ T 48 Jfd ( Thl) F1 5 W
IL-17/) CD4" T 40 j (Th17) 376, AR ZE 4L T 40 i %
IFN—g A1 TL-17 7K Fh i, 5 250 R Bf R il IR, 245 ARtk
N R AR TR B, AR R A T R R AR 35 Rz i
BT S i B Jeg 8 A 2 vl %) b L 00 o 0 T o 9
TR 38507 IRFP A S0 IR | 17T 96k EXL 200 R A7 35
(] (4 HE K 2 3E T RAE IR AT 2B R B TL -
18.IL-6 \TNF-a s fbAE KK F BL(TGF-B1) F K
K (EGF) J&fkH ¥ (CCL) 3 Mtk H F5Z 14 (CCR) 5
1 CCR6 S #RAE MR FR I AH 5 IR 2B 1 TH R b s 35, DL
R BE MR Bz 20 TGR-B1 M A% 5% T —B (NF-«B) [
FRBR R MM T 2 Y B g S PR
PRI B 45 T 1 Bz A0 AR A O T 8 B 5 IR R A0
NF-kBHI TCF-B1 FRik i IEAHIC , FH I\ A FR o £ 3 45 1
b B AL S R A T BB S Al A T R A
H2ZRRR, Lin 21 % DU R % & 9 T IR B H b
IL-17A IL-1B \TNF-a /K- 5 1EH A TCH] @ 22 57, T4
BB R IR T IR 5 AR R T IR 0 2 R MR TR, 28 1 h
PRI FR A I I A - iR 2 (o VH AR e M T
JAE M AN R T~ IR HE B | DA T 840376 S8 15 51 [, i
PEGPE 9 A R A0 M R T B K A R T & TR Y
KA,
3 INGS

TR 2 AR e s v d i DL AR PR O R RE , I 5 R
2R, BRI AH ST IR () KR MLT 5 B 2%, ELAE
PRI 5T IR 5 PRl IR 0 A e HL A BT AN TR, O BE TR
— e, AR A B X PR AH OG- IR A T2 WG T
AT,

2089



EfRRRIZE  2020F 128 5£20% 128 hitp://ies.ijo.cn
E815.029-82245172 85263940 B8 F{57%§.1J0.2000@ 163.com
R 23 Zhang P, Li T, Wu X, et al. Oxidative stress and diabetes:

1 AR EE AR S IR I 43 4. ] 2 BORE PRI B IR 16 9 (2017 4EAR) .
FRARE R 5 2% 35 2018;10(1) ; 4-67

2 International Diabetes Federation. IDF diabetes atlas. ninth ed. 2019.
http ;//www.diabetesatlas.org/

3 Craig JP, Nelson JD, Azar DT, et al. TFOS DEWS Il Report
Executive Summary. Ocul Surf 2017; 15(4) . 802-812

4 Zou X, Lu L, Xu Y, et al. Prevalence and clinical characteristics of
dry eye disease in community — based type 2 diabetic patients: the
Beixinjing eye study. BMC Ophthalmol 2018; 18(1) . 117

S De Freitas GR, Ferraz G, Gehlen M, et al. Dry eyes in patients with
diabetes mellitus. Prim Care Diabetes 2020 Epub ahead of print |

6 Wang S, Jia Y, Li T, et al. Dry Eye Disease Is More Prevalent in
Children with Diabetes than in Those without Diabetes. Curr Eye Res
2019; 44(12) . 1299-1305

7 Ward MF 2nd, Le P, Donaldson JC, et al. Racial and Ethnic
Differences in the Association Between Diabetes Mellitus and Dry Eye
Disease. Ophthalmic Epidemiol 20193 26(5) : 295-300

8 MR, WRWNZL, XIF51E, 4. WEARW B TH DI BRI 5. AR IR
Rk 2003; 39(1) ; 10-13

9 1, VLA, WEARMS RN AR A2 5 T IR AR DG PR 5. I BRIREL
Zeiki 2018 18(4) ; 744-747

10 AR50, RV, WRAR, 4%, 2 BURHIRAG 5 T HRAE A AH DS PERI 9T 0 H
fE R R AT, B BRI 20165 16(13) : 2503-2506

11 BRFIAT, BRpk, IREEAE, 55, MEPR & TH BT AE AL Tk i A 5.
TAEIRRL LR 20185 54(10) ; 762-766

12 [F1 424 2 B PRI A= 1 IR AR AR DG B 32 43 A, i B s 9 it
20195 22(2) . 28-29

13 ZEAEGE BN, ZRRUET, A I BORR IR A B 20 A I AE G AT
BN R Z LA, A TA SRR 2018; 29(3) : 81-83

14 ZER0G ) ESr A5, AR EBRE AR 3 A dbat, AR TR B et
2014 217

15 Babizhayev MA, Strokov IA, Nosikov VV, et al. The Role of
Oxidative Stress in Diabetic Neuropathy: Generation of Free Radical
Species in the Glycation Reaction and Gene Polymorphisms Encoding
Antioxidant Enzymes to Genetic Susceptibility to Diabetic Neuropathy in
Population of Type 1 Diabetic Patients. Cell Biochem Biophys 2015; 71
(3): 1425-1443

16 Edwards K, Pritchard N, Vagenas D, et al. Utility of corneal confocal
microscopy for assessing mild diabetic neuropathy: baseline findings of
the LANDMark study. Clin Exp Optom 20123 95(3) . 348-354

17 Dogru M, Katakami C, Inoue M. Tear function and ocular surface
changes in noninsulin—dependent diabetes mellitus. Ophthalmology 2001 ;
108(3) : 586-592

18 fEgl, MR, SEEL, A5 A REL IR TR i 2 i B 2 W40 BT K
HAET IR AW PR 8 AU, rhARs R IR AR 2019; 37(8) -
638-644

19 Knop E, Knop N, Millar T, et al. The international workshop on
meibomian gland dysfunction: report of the subcommittee on anatomy,
physiology, and pathophysiology of the meibomian gland. [Invest
Ophthalmol Vis Sci 2011; 52(4) : 1938-1978

20 Sagdik HM, Ugurbas SH, Can M, et al. Tear film osmolarity in
patients with diabetes mellitus. Ophthalmic Res 2013; 50(1) . 1-5

21 Li B, Sheng M, Xie L, et al. Tear proteomic analysis of patients with
type 2 diabetes and dry eye syndrome by two—dimensional nano-liquid
chromatography coupled with tandem mass spectrometry. [Invest
Ophihalmol Vis Sci 2014; 55(1) : 177-186

22 Amil - Bangsa NH, Mohd - Ali B, Ishak B, et al. Total Protein
Concentration and Tumor Necrosis Factor a in Tears of Nonproliferative
Diabetic Retinopathy. Optom Vis Sci 2019; 96(12) : 934-939

2090

antioxidative strategies. Froni Med 2020; 14(5) : 583-600

24 Baynes JW. Role of oxidative stress in development of complications in
diabetes. Diabetes 1991; 40(4) . 405-412

25 Kim HJ, Kim PK, Yoo HS, et al. Comparison of tear proteins
between healthy and early diabetic retinopathy patients. Clin Biochem
2012; 45(1-2) . 60-67

26 Zou X, Zhang P, Xu Y, et al. Quantitative Proteomics and Weighted
Correlation Network Analysis of Tear Samples in Type 2 Diabetes Patients
Complicated with Dry Eye. Proteomics Clin Appl 2020; 2020: 1900083
27 Stuard WL, Titone R, Robertson DM. Tear Levels of Insulin— Like
Growth Factor Binding Protein 3 Correlate With Subbasal Nerve Plexus
Changes in Patients With Type 2 Diabetes Mellitus. Invest Ophthalmol Vis
Sci 2017; 58(14) . 6105-6112

28 ARHTRE, REIUR, M2, S 2 BUBRIRIE B S IR HBE R
SHBE D RE AR, et IRBHIR AL 20195 37(10) : 814-819

29 Miiller L), Marfurt CF, Kruse F, et al. Corneal nerves: structure,
contents and function. Exp Eye Res 2003; 76(5) . 521-542

30 Tummanapalli SS, Willcox M, Issar T, et al. Tear film substance P .
A potential biomarker for diabetic peripheral neuropathy. Ocul Surf 2019
17(4) . 690-698

31 Tummanapalli SS, Issar T, Kwai N, et al. A Comparative Study on
the Diagnostic Utility of Corneal Confocal Microscopy and Tear
Neuromediator Levels in Diabetic Peripheral Neuropathy. Curr Eye Res
2020; 45(8) : 921-930

32 He J, Bazan HE. Neuroanatomy and Neurochemistry of Mouse Cornea.
Invest Ophthalmol Vis Sci 20165 57(2) ; 664-674

33 Gasset AR, Braverman LE, Fleming MC, et al. Tear glucose
detection of hyperglycemia. Am J Ophthalmol 1968; 65(3) : 414-420
34 Sen DK, Sarin GS. Tear glucose levels in normal people and in
diabetic patients. Br J Ophthalmol 1980; 64(9) : 693-695

35 Shi L, Yu X, Yang H,et al. Advanced glycation end products induce
human corneal epithelial cells apoptosis through generation of reactive
oxygen species and activation of JNK and p38 MAPK pathways. PLoS One
2013; 8(6) : 66781

36 Willcox M, Argiieso P, Georgiev GA, et al. TFOS DEWS Il Tear
Film Report. Ocul Surf 2017; 15(3) : 366—-403

37 Baudouin C, Rolando M, Benitez Del Castillo JM, et al.
Reconsidering the central role of mucins in dry eye and ocular surface
diseases. Prog Retin Eye Res 2019; 71 68—-87

38 Bron AJ, Tiffany JM, Gouveia SM, et al. Functional aspects of the
tear film lipid layer. Exp Eye Res 2004; 78(3) : 347-360

39 SPHUET, WEAUR, AEWIHT, SF. BRSO I R A2 R g B
JR RIS BT G0 AR YA S PE. [ PR R B2 A 20205 20(3)
449-454

40 Finis D, Pischel N, Schrader S, et al. Evaluation of lipid layer
thickness measurement of the tear film as a diagnostic tool for Meibomian
gland dysfunction. Cornea 2013; 32(12) . 1549-1553

41 Sandra Johanna GP, Antonio LA, Andrés GS. Correlation between
type 2 diabetes, dry eye and Meibomian glands dysfunction. J Optom
2019; 12(4) ; 256-262

42 Ding J, Liu Y, Sullivan DA. Effects of Insulin and High Glucose on
Human Meibomian Gland Epithelial Cells./nvest Ophthalmol Vis Sci 2015
56(13) . 7814-7820

43 Yildiz E, Zibandeh N, Ozer B, et al. Effects of Type 2 Diabetes
Mellitus on Gene Expressions of Mouse Meibomian Glands. Curr Eye Res
2020; 45(1) . 72-80

44 BEF, SRR, 2 RURE R T IR AE 2B 35 i B IR T 28 (451 2 .
BB A 20195 57(21) ; 70-73



Int Eye Sci, Vol.20, No.12 Dec. 2020 http .//ies.ijo.cn
Tel:029-82245172 85263940 Email.1J0.2000@ 163.com

45 Yu T, Han XG, Gao Y, et al. Morphological and cytological changes
of meibomian glands in patients with type 2 diabetes mellitus. Int J
Ophthalmol 2019; 12(9) : 1415-1419

46 Shamsheer RP, Arunachalam C. A Clinical Study of Meibomian Gland
Dysfunction in Patients with Diabetes. Middle East Afr J Ophthalmol
20155 22(4) : 462-466

47 Sweeney DF, Millar TJ, Raju SR. Tear film stability: a review. Exp
Eye Res 20135 117 28-38

48 Baudouin C, Irke¢ M, Messmer EM, et al. Clinical impact of
inflammation in dry eye disease: proceedings of the ODISSEY group
meeting. Acta Ophthalmol 20183 96(2) . 111-119

49 The definition and classification of dry eye disease: report of the
Definition and Classification Subcommittee of the International Dry Eye
WorkShop (2007). Ocul Surf2007; 5(2): 75-92

50 Najafi L, Malek M, Valojerdi AE, et al. Dry eye disease in type 2
diabetes mellitus; comparison of the tear osmolarity test with other
common diagnostic tests: a diagnostic accuracy study using STARD
standard. J Diabetes Metab Disord 2015; 14 39

51 Kan S, Acar U, Kizilgul M, et al. The effects of blood glucose
regulation on tear function tests in diabetic patients. J Fr Ophialmol
2017; 40(6) : 499-504

52 Markoulli M, Flanagan J, Tummanapalli SS, et al. The impact of
diabetes on corneal nerve morphology and ocular surface integrity. Ocul
Surf2018; 16(1) : 45-57

53 Yamagami S, Hamrah P, Zhang Q, et al. Early ocular chemokine
gene expression and leukocyte infiltration after high — risk corneal

transplantation. Mol Vis 2005; 11, 632-640

54 Hamrah P, Yamagami S, Liu Y, et al. Deletion of the chemokine
receptor CCR1 prolongs corneal allograft survival. Invest Ophthalmol Vis
Sci 2007 ; 48(3) . 1228-1236

55 Jin Y, Shen L, Chong EM, et al. The chemokine receptor CCR7
mediates corneal antigen—presenting cell trafficking. Mol Vis 2007; 13
626-634

56 Barabino S, Chen Y, Chauhan S, et al. Ocular surface immunity :
homeostatic mechanisms and their disruption in dry eye disease. Prog
Retin Eye Res 2012; 31(3) . 271-285

57 Pflugfelder SC, Jones D, Ji Z, et al. Altered cytokine balance in the
tear fluid and conjunctiva of patients with Sjogren’s syndrome
keratoconjunctivitis sicca. Curr Eye Res 1999; 19(3) . 201-211
S8ALT, FELL, FhANER, AF. MRS IT A T RGBS L R An
HATL IR 732k Fe ik R Th-17 4N 2e 1k, h e se b iRl 2y
A% 2018; 36(9) ; 710-713

59 MEAR. SRAE R T-EME IR T HRAE 2825 v i 4 FH 19 i PR R L. B3
K2 2018

60 2L, FIEH , ININEE, S RAE R TR R M T IR 2 v iy
FIRASA M LT S IRRRET U 20185 38(7) : 651-655

61 F5il. Wl PR HE 45 I L R R T S TGF—B1 1 NF-«B A&
ik SEINRE: 2009

62 Costagliola C, Romano V, De Tollis M, et al. TNF-alpha levels in
tears: a novel biomarker to assess the degree of diabetic retinopathy.
Mediators Inflamm 2013 ; 2013, 629529

63 Liu R, Ma B, Gao Y, et al. Tear Inflammatory Cytokines Analysis
and Clinical Correlations in Diabetes and Nondiabetes With Dry Eye. Am
J Ophthalmol 20195 200 10-15

2091



