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Research progress of diabetes-related ocular surface diseases

ZHANG Rui, GU Cao, ZHAO Zi-chang, ZHAO Shi-hong"
Department of Ophthalmology, Changhai Hospital, Naval Medical University, Shanghai 200433, China

[ Abstract| Diabetes mellitus is a common systemic disease mainly caused by glucose metabolism disorder, which has
gradually become a serious public health problem in the world. There have been many studies on diabetic retinopathy, but the
ocular surface diseases related to diabetes have not been fully understood. Diabetes can increase the risk of ocular surface
diseases, including dry eye disease, keratitis, persistent defects in the corneal epithelium, and even the formation of blinding
corneal ulcers. This paper focuses on the correlation between diabetes mellitus and ocular surface diseases, introduces the
changes of corneal nerve as an index to evaluate diabetic neuropathy, and discusses the treatment of diabetic related ocular
surface diseases, so as to provide help for early screening, diagnosis and treatment of diabetic patients with ocular surface
diseases.

[ Key Words |

gland dysfunction

ocular surface diseases; diabetes mellitus; corneal neuropathy; dry eye disease; meibomian

B R 9% (diabetes mellitus, DM) Jg&—Ff {4 Py fig
8 2R3 WA e o B B 2R A P A T S B0 LA i o
W AR IE R AR B 5 4 3K A 3 I 1 R ¢
M 2 —12 . 4 ] BBl PR 166 B e 3T, 2017 4F
2Bk DM B A BT 35 4. 25 42, W3] 2030 4 A
2040 4E4E A1 AL 5. 92 AC NFI 6. 4 AN i e
DL 1. 144 21 B NBUNL R 2 BRES — . IR
o LE ISR ™ B R 0 TR [

DM 2 B I RAE I A A TRl 205728 A0
PO RS A | B A IR S . B R 1Y
IRFARIFAAE C M ARk E X B EZ . U
T2 TWE S P L X 5% 722 (diabetic retinopathy,
DR) i WF 58 88 2 AT H B A A IR A B A

(i BEH] 2019-11-18 [(#ZZHH] 2020-01-26

YU T DIV B I 22 9 5 « 4475 Ff L 3 It
GRS i R33NI, ARSI
3574k 2 i DML 3 7 A% 911 2 L B R
S A S 21 P IR 2 5 FE R M U
AR BB . LR AA I 1 B B 4 3
BERITRR S8 4 £ 100 B350 AR 10 % 71 L
SR s ] S8k W [ 2R DM R
M 6 T8, A SCH A DM 5%
I3 I IE DM A 5 IR % 5605 10 34 97
Ik

1 RS AREERE

B R R A B M 2 9% A8 (diabetic corneal

[E€mB] EXRHRPF¥ER4(81970822). Supported by National Natural Science Foundation of China (81970822).

[fEEEN] 3k %, EIREI. Email: zhrui0l12@126. com

* WS (Corresponding author). Tel: 021-31161995, E-mail: zhaosh@smmu. edu. cn



332 Chinese Journal of Clinical Medicine, 2020, Vol. 27, No. 2

G REESY: 202044 H 82748 2]

neuropathy, DCNDJ& ¥ UL 84 JR ol 3 44 28 91
iE AT A R 8 R MR D R R A B R 5 5
AR & A B R W M AR R AZ (diabetic
keratopathy,DK), Schultz 2513\ %, DM H# —
A kA DK IR g 4700 ~6400, HRTIA N /i
R 25 A T RO B S B2 AR MR A AR AR
JR
1.1 DCN L5 DM B EA= 8 240 25% % JLIETE 1
RUAJE 2 B0 DM rp 25 ) 31— 26 R 22 2 500
ALK o Q01 Ff R G ol 20 F 0 2 1 L K R N 40 S
s/ 55, X # 5 DM B A A 3 R 28 22 A
SR R B R R B 20 A R
P RRBL ISP 28 2T 4 1 A 43 S % 1% B BAIK 5 DM
FEAE FNTONE PR A #2078 R . Chen 593F
SR AR 3 R R B U8R (corneal confocal
microscopy, CCM) I 1% £ IF P 28 21 2 < 8 11 ik
/A SRCIRE B g JE] B p 225 78 1 g . 2016 4R Y
—IEEAE AT BT AR A COM AR 1 £ A 22
ETYi B A BRIy SO L AR B A B 280
R FEAK. 1 CCM Al i T 51 & 31 DM
JEI R 2 AR 24 005 . I FL Misra %0 & 3,
il CCM DIl £ I8 IS ot 22 85 8 1) A8 AR A1 56 T4
29573 A I DR PR A4 FHLAS: e i A Y0 28] 14 JH A 2y g
AR A SR S B 32 2 0 B TR OG L 3R
CCM Ty JEE SR A I AT S PPk 8 DR S L 4o
SR H E AR R AR, JF H CCM ¥
TS HOS BRI B 32 00 290 42 1912 W7 BT e
TSR RN Sk . BRI, COM & — by G B al
FEREING RAE PRI A8 s T2,
DCN )& T DM Jf e i) — 843 » AN
WEBRI IS AE 1) KRB 2 — o TE R PR BRI, 2k
R = A 1) 3k 22 1) AR A RT 00 B T R
DNA. S R i A8 S 4045 5 5% 5 el i oi i 2
JURSH P% OB NGR 1R R LR - i 12
I C A2 S5 A B p 5 1k e &5 R 2250
e g 28 2k K I F (nerve growth factor,
NGEF) Kt 218 50, A48 P 4o A %5 28 22 DR A ORI
& RIS TIIRE R S ] S B A8 0l hg . e
MW, phgesz BU0), Hohph 4 i 325k
Ul T 5 £ R B AL P A 22 53 L0 AR H
R, TS b R T RE AN 300, A A R 4
RGBS R I 2% H AR R JRAILT 38 5 i — 26
e

1.2 DCN 5 DR 71 % DM g #h,CCM 2
HE R B £ JEE A0 M A2 04 b B 20 LN D B 44 i %
JEE AR #8200 25 185 10 I s L B /N b 8 21 48 1 2
A WA R 2 21 2 585 T L 48 0 S FE AR P
LR YR R v BE R KD . s IR R &
LI FEL 5 732 i 3 AR R s S5 A %) ) T 40 i R/ N b 22 2
Y An e EE AR B RN . A Bitirgen 457 B I, £ TC
DR () 2 U PR H 3 vt mT DLLER 21 A B ph 25 2F
Yk BE AP RN 43 S8 BE W AR O HL It A0 R
AR kT INEL . 53 A SR 8, DCN 5 DR
I ™ A B 0 B AR DG B E DR
FREERG I DCN 320 7 i =, >4 A 64 B i o
POMEL R IR I A2 I DCN AJ AR 4 DR g 15 72 B2 7
WFEHR . DM 835 7E A A BN O RS A Il 4 s A2 e
O A AE A AN 28 21 4 (%) U2 S e 728 AT AR S 40
T-1 DR i g br. L, A RS ph 28 21 4 1) A2 4k
AT b #0714 i  ABAT i B itk — 25
Livalloe

2 ARRRE

DM a] 5| i £ 58 b i 40 A # 58 Joi AR i I i
(AR 5 B0 T T Bz 9 A8 FORY 3 e iR, Bk Ah
DM Hhfy R 28 118 25 2% ) {2878 3% Sl
R Bz 40 45 2% O ek 2D 1 B S B R ISR 1)
FEA RN R AN SR R R ARG R R, A
FE R IR R R BB v G 11 A AR
P B AR RS2 AR 8D AR B B 4,
Fi B A BN -1 B BB IE R E AR
IR R W R £ 6 4 -5 20 1 3% 4 1 3
TR, IF H, o AT 3 3 A IR R, R
AR IR RIS b B 20 M Y 25 2%, ™ 52 ) £ i
FRIRIEE SN TIRE S . BT R, 2
W PR s F8 5 v, LA IR Jo 7 7 JE 85 T /A2 ) S
JREF4Ed ., FB4r DM G835 A IR b Bz %) 55 i JEE A iy
W R RE VB N2 R R TE A
SIS Bl A 223 S AR g X n] RE 2 BB A0
DM 85 S B 22 P A7 T b Bz k451 174 g R RE il 22
— SR 1 R TR R LT
AFVBL 2 D A R E B A A, DR i A MR
JR TR B R AL 2K P2 ) (advanced glycation end
products, AGEs) , 3% 7] g 5 Uk I 248 1 285k I
e Hh g A IR JEE RE 3, [ B AGEs AT 5|2 2 RUAk
BRI /IS BRI 1 FHE DR R B AR ISR o v TV AL J5e



hEIGREE2: 20204FE 4 H 52748 2

Chinese Journal of Clinical Medicine, 2020, Vol. 27, No. 2 333

F IR R A AR T B0 RS 2 46 4 R
MY &R FEOR ML 2. Di %50
S REOE PR 1/ U B b Z TR A AL AR R 2P
Jat i Y A SN 3 U A A0 it PR 8 22 A
WAIER . P, DM 23 ™ 552 0 £ B L R e B )
REAAA B B2 A D RE 33X KRG I 1 R SR 993 11
B AnHR T45E (dry eye disease, DED) (%38 SR
FARRAE I R R F I JBE 2 L R S P I B A R b 2
BT 55

3 ERFIRAE

DED J2& T 1H ¥ 1) J5t 5 i 50 AR 3 ) 2 5 i
5 FTH BT E S IR A5 o DT 3 BUIR AR 1
A — 2505, FRIR R 5. 520 ~33. 7477, 1fif DM
M h DED JBRF AT ik 50207 . 1 ol o ok
TR AL I A AR 2, Horb di i DL Y gl TH I
G AR R D RE A
3.1 JRREFFE WHIR JE B R e RS EoR] LA
#m DED fy XK, A7 29 —2F /) DM & <+
MRAEAR . Misra 5570 % 8, DM B 35 TH g e v
A ERE A R IO 5 B0 TH AR A A 45
PrAORE bR PE B 32 20 728 T 350 TH A 28 ST
S AT LA T 7 AR o PR L 4
o 72 SR A B 2 2 A % BT o DT R 75 A o
AU 52 450 R B S P D T k2D o 0 S 118 R0 0 D
1B AT BRI 7 Az 0 26 A el b o DA TS 2TH
HRASE M AR . DM AR 3 Y IR 26 0920 5T TR
ATl S BOH WS E T .
3.2 By AR MR Th A FE AR M AR D RE B A
(meibomian gland dysfunction, MGD) J2&—F{ & 4:
SRR PR AR AR DML A R R Al
TENY . ARG R R S 2 DA RO =X
SN B AR I b R 240 FE ) 34 5 il ot s i) 3 B
B AN AT P 25 5% o DA 185 o0 16 Al % s 1 DXL
IAh . DM B E IR B2 /i A 5] 5 DED BA &%
FAOGHE . MGD [ 28 5 I AR R B 44 43 s v IR
6] P 14 3 5 T i A 5 o G BB i Tk 70 ) A7 A T
TIHRE AP R B2 e e ) B Sy A R A AR R
TG R E BB ER I E TR KA. IR
TR 1 P R 5 S LR 29 2 ) R B A DR 1Y)
P AR B A VDA 0 SR Bt 2 B[R] AE K
FrSERURSAE [ AEC  BIVE A7 72 7™ EE IR SR i, FR A T
HALETCAER Y . DM 8% i T DED 1yfeAE ik —2

ST A R B A5 0 B KR TR T DML
R TA 0 EAG A A I T E A A TR R
I HRAEIR o

4 HRRE

S5 R E DM R o AR DL A 45 245 R A
MU EE IR A0 4 5% R I 4™ 5K | 148
ARAS B FUAR AR 40 A i /0T RO IR TR E Y
DM F8 & 125 A 7 A1 28 40 i R - 1 388 s
T DM R T S5 IR AR S 8, 3 S0 1R T ik
S AR,

AT F B L G5 BN S ik b E G g A
R R A RO R A% (non-proliferative diabetic
retinopathy, NPDR) F1 3§ 55 14 4 PR 9 10 19 5 3 2%
(proliferative diabetic retinopathy, PDR) B 35 [ Ifil
Tt Y 4 v AR PR L I JIEEA 2 (no clinically
visible diabetic retinopathy, NDR) [ £ 3 ; 76 45 I
/NI NPDR A B DK 048 BLAR L3 6 IfL
TR R T PDR B . R X5 B I 3 3 T2
BV BCVE AT BT 08 B Tl I 7 O % i 1 12 B
PEAG AR 1] W0

5 DM RFMFR

WE BRI A RS ) 2540 AN D) e S 3 R
FEAIE I AU 5 B R 2 R FARER . DM 35
FEASRIREFFEAR, Gn e e BT R B R U B
AFN 4 MM O St B R (panretinal  photocoa
gulation, PRP), AR J5 & A £ B i 19 RV A7) /5
ik 802,

AW F ], DM R 2 1 A P9 B R 3 R
Ji R H TR A A I e R PR A0 I S 28 S Ak 55
TE AT o 1023 3G I A1 B80T 2 E B9 KU » N 45 22 £
JEEZK RN B B 495 1A A AR L 9 H DM B A 5 i
T2 FARRERE A PR S I ) KBS 452 /5i . FH T DM
SBE AT R A A A A VR BE 2 L R S 1Y) AR B Rz A
R AR AR A R H A A A R D
S NP S =

el TS Y00 A I 301 38 B AT OGO
HEf5 DM R85 1 F YL 5 04338 0 #f REEABURR PR %
R s VH JEE A 24 1k (] 447 45 AL DML 2 N IR TR J5
%4 DED i fa i R, 7E e il T, LASIK
AIINEE DR, AU K47 DM 83 H R 2
DR A #WHEAT LASIK F-ARM, 3k 6 fiff 55 45 5L 1



334 Chinese Journal of Clinical Medicine, 2020, Vol. 27, No. 2

G REESY: 202044 H 82748 2]

WAL —FP R T ARG DM R 1 T AAE
INEEEIE S PR A L Pt/ G 7 N

6 HERIRARFRFKAERIBTT

5 A BRIS I K i — A o s 455 Tl AR A T
B G YT DM AHSCHR 250 20 A RT3 , W2 b A
AR, HET DM IR 26 31 & 5E B BT 53R
N - i o B N D= N IR E B S i Y S E S
2, Ak S RRHIR 25 R E RE R R A 5,
A By T A4t B 1 IR 9 0 37 AT 1 00 0 o, T
e S i (B A (A (B S = B
A R ) o3 T IR T AT IR TR B
6.1 BARFA BERMESAERENERKET,
AR FEHE A O A b iA=L R A A
IMLTE AT AN DM RS SRS AR DIBR AR S5 # I B
A TR RN P AT I T AR L 2N ABOR YR 19 1 2% .
A 2 A F A B Pl 28 P AR RN b R A A A AR
Jrikie,
6.2 Pk PYRRE—F 11 & ERIIK. FE7E
T A RRIEE 2, 8 T IE0E i 28 38 0 1) IR K
TG PR b 28 S SR A T R 4 1
WEFHAERS AR Y IR R MRS . P W TR
R B 1 A 8 R 0 e 080 T, e o A 28 Ik-1
2 AT 8 A I L R . TR A AR
K [AF 1(insulin-like growth factor 1, IGF-1) 5 R]
PRI JIE i 22 1) T A 5 T Bl 4 R R R R
SR P By A TGF-1 135 A2 4 A2 W J 6 52
PRI 8 IR A R A s 722 v A 8 Bz 400 L )
WEEE R
6.3 EMEIL R BRI TN ] 5 AT
b U587 L B - T S D i i A 1) TR A ik 2D Ao
R M b B A AT ke DM R
HEWBE T ARG MM B 7. 52 & f IR Uk
PR O A B R AT
6.4 A2A KRBT NGF aliad AR g il sz
PR 22T AR RN 2R > 2R e A MR 2
AR IR 3% 56 8 M, R R AR B RS Park
SEUUNESE, JR i NGE 7] 22 fift 98 A A = 575 510
NSARE F Rz 4 E T, Kim 260500 R0, IR JE 2 4
ARAT AR HERE PRI R B IS B 45 AT 1X AT RE S A
FEATH R NGF 38 mnA ¢,
6.5 Htbdim PUAEALH] LKA BEE MR,
H Rl B E SE A R T 150 B DMOAH OC /9 £ B

/E[sa—s?]

o Di SRR F B R T 5T A T L
DRI T 8 1149 & A SV » AT s RS ALL 200 I o 5 394 5 A
PRI FANR LR G

BARFER 37T AR T A S g b Y 5
HEBIT & - AV 2 R a0 AS [ A 49
T TR B 1 55 2 By B BIL R » 5 7 TR A 52
M PR AR A2 1 A e 3 A B 4R B A
WGy R PRI HR 2B 1) e D0 2 5 » 2B W kil 500 1 A
I ATRE = A B AN RLURONE A o AR Rl B2 A T Y
TR » 1o 26 ] R BEA v AR M T A ol PR ST

25 Lk . DM X R 3R 58 B4 L A RSO L A
L Bz 72 L TH B0 A R AN Eh BE AR A A A R
Wi o AR DR ARG 72 S AR DL P AR 2 G
FAREE T LNER BE DED S 80E PR M IS . Bl
PRI A3 RS A 2 A2 i A A O IR 28 R AR
PR 3 ISP B A At 35 7 7y ol 2855 78 22 I PR UL
i COM I HE: 1) A s 28 IS B8 A S DAl
PRIGPERR 2 A2 1) rI AT PR R AR AR 2 — . AR
FRA7AE— 5 73 25 90 nl A B B A3 7 DM AH
SRR I » (EAT) T 2k — 25 M BIF 7 0T A 11
Ik . AR SCHE BRSO -5 MR M 1) A
KA B AERG R RS MOk X DM R E IR R
P (190, X DM 3 (9 00 A6 4 B B

% ik

[1] GUARIGUATA L. Contribute data to the 6th edition of the
IDF diabetes Atlas[ J]. Diabetes Res Clin Pract, 2013, 100
(2).280-281.

[2] SHIHK C, LAM K S, TONG L. A systematic review on
the impact of diabetes mellitus on the ocular surface[ J]. Nutr
Diabetes, 2017,7(3): e251.

[3] MARKOULLI M, FLANAGAN J, TUMMANAPALLI S
S, et al. The impact of diabetes on corneal nerve morphology
and ocular surface integrity[J]. Ocul Surf, 2017, 16 (1):
45-57.

[4] XIEJ, IKRAM M K, COTCH M F, et al. Association of
diabetic macular edema and proliferative diabetic retinopathy
with cardiovascular disease: a systematic review and meta-
analysis[J ]. JAMA Ophthalmol,2017,135(6) ; 586-593.

[5] VIEIRA-POTTER V J, KARAMICHOS D, LEE D J.
Ocular complications of diabetes and therapeutic approaches
[J]. BioMed Res Int,2016,28(3):1-14.

[ 6] PRITCHARD N, EDWARDS K, RUSSELL A W. et al
Corneal confocal microscopy predicts 4-year incident

peripheral neuropathy in type 1 diabetes[ J]. Diabetes Care,



Hh ] I PR R

20204E4 B 273 521

Chinese Journal of Clinical Medicine, 2020, Vol. 27, No. 2

335

7]

£8]

£9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

2015,38(4):6751-6755.
PATEL S N, SHETLAR D ],

Bilateral

PFLUGFELDER S C.
Candida parapsilosis infiltration of nonhealing

indolent epithelial defects in a diabetic patient with
neurotrophic keratopathy [ J ]. Can J Ophthalmol, 2018, 53
(6) :e224-e226.

SCHULTZ R O, VAN HORN D L, PETERS M A, et al.
Diabetic keratopathy[ J]. Trans Am Ophahalmol Soc, 1981,
79. 180-199.
ZIEGLER D, PAPANAS N, ZHIVOV A, et al

detection of nerve fiber loss by corneal confocal microscopy

Early

and skin biopsy in recently diagnosed type 2 diabetes[]].
Diabetes, 2014, 63(7): 2454-2463.

CHEN X, GRAHAM ], PETROPOULOS I N, et al
Corneal nerve fractal dimension: a novel corneal nerve metric
for the diagnosis of diabetic sensorimotor polyneuropathy[ J].
Invest Ophthalmol Vis Sci, 2018, 59(2):1113-1118.

JIANG M S, YUAN Y, GU Z X, et al. Corneal confocal
microscopy for assessment of diabetic peripheral neuropathy:
a meta-analysis[ ] ]. Br J Ophthalmol,2016,100(1) ;9-14.
MISRA S L, CRAIG J P, PATEL D V, et al. In vivo
confocal microscopy of corneal nerves: an ocular biomarker
for peripheral and cardiac autonomic neuropathy in type 1
diabetes mellitus[ ] ]. Invest Ophthalmol Vis Sci, 2015, 56
(9):5060-5065.

GIACCO F, BROWNLEE M. Oxidative stress and diabetic
complications[J]. Circ Res, 2010, 107 (9):1058-1070.
MANNI L, ROCCO M L. BIANCHI P, et al. Nerve growth
factor; basic studies and possible therapeutic applications| ] ].
Growth Factors, 2013,31(4).115-122.

YOU L, KRUSE F E, VOLCKER H E. Neurotrophic
factors in the human[J]. Cornea, 2000, 41(3);692-702.
WATANABE M , NAKAYASU K ., IWATSU M . et al
Endogenous substance P in corneal epithelial cells and
keratocytes[ ] ]. Jpn J Ophthal, 2002, 46(6): 616-620.
SZALAI E, DEAK E, MODIS L, et al. Early corneal
cellular and nerve fiber pathology in young patients with type
1 diabetes identified
microscopy[J ]. Invest Ophthalmol Vis Sci, 2016, 57 (3):
853-858.

BITIRGEN G, OZKAGNICI A, MALIK R A, et al. Corneal

mellitus using corneal confocal

nerve fibre damage precedes diabetic retinopathy in patients
with type 2 diabetes mellitus[J]. Diabet Med, 2014,31(4);
431-438.

NITODA E, KALLINIKOS P, PALLIKARIS A, et al
Correlation of diabetic retinopathy and corneal neuropathy
using confocal microscopy[ J]. Curr Eye Res, 2012, 37(10):
898-906.

MISRA S L., BRAATVEDT G D, PATEL D V. Impact of
diabetes mellitus on the ocular surface; a review[ ] ]. Clin Exp

Ophthalmol, 2016,44(4).278-288.

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

LEONG Y Y, TONG L. Barrier function in the ocular
surface: from conventional paradigms to new opportunities
[J]. Ocul Surf, 2015,13(2): 103-109.

KIM J, KIM C S, SOHN E, et al. Involvement of advanced
glycation end products, oxidative stress and nuclear factor-
kappaB in the development of diabetic keratopathy [ ] .
Graefes Arch Clin Exp Ophthalmol, 2011, 249(4):529-536.
LJUBIMOV A V. Diabetic complications in the corneal J].
Vision Res, 2017,139: 138-152.

IGNAT F , MOCANU C. Evolution of ocular infection in
diabetes mellitus patients[]J ]. Oftalmologia, 2001, 53 (3):
74-77.

ZOU C, WANG S, HUANG F, et al. Advanced glycation
end products and ultrastructural changes in corneas of long-
term streptozotocin-induced diabetic monkeys[ J]. Cornea,
2012, 31(12): 1455-1459.

DI G, DU X, QI X, et al. Mesenchymal stem cells promote
diabetic corneal epithelial wound healing through TSG-6-
dependent stem cell activation and macrophage switch[]].
Invest Ophthalmol Vis Sci, 2017, 58(10):4344-4354.

LIJ, LI Y, ZHANG M, et al. Silencing of Racl expression
via RNA interference inhibits retinal neovascularization in
rats[J]. Molecular Vision, 2012, 18: 1354-1360.

NELSON J D. Impression cytology[J]. Cornea, 1988,7(1);
71-81.

ACHTSIDIS V., ELEFTHERIADOU 1, KOZANIDOU E.
et, al. Dry eye syndrome in subjects with diabetes and
association with neuropathy [ ] ]. Diabetes Care, 2014, 37
(10): e210-211.

MISRA S L, PATEL D V, MCGHEE C N, et al. Peripheral
neuropathy and tear film dysfunction in type 1 diabetes
mellitus[J]. J Diabetes Res, 2014, 2014:848659.
MODULO C M , JORGE A G , DIAS A C, et al. Influence
of insulin treatment on the lacrimal gland and ocular surface
of diabetic rats[J]. Endocrine, 2009, 36(1):161-168.
KURPINSKA M, GORCZYN SKA E, OWOC-LEMPACH
J, etal. Assessment of lipid layer thickness of tear film in the
diagnosis of dry-eye syndrome in children after the
hematopoietic stem cell transplantation [ J]. Klin Oczna,
2011, 113(4-6) :136-40.

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 [ J]. Invest Ophthalmol Vis Sci,
2011, 52 (4) :1938-1978.

DING J, LIU Y, SULLIVAN D A. Effects of insulin and
high glucose on human meibomian gland epithelial cells[ ]].
Invest Ophthalmol Vis Sci, 2015, 56(13):7814-7820.

LIN X, XU B, ZHENG Y, et al. Meibomian gland

dysfunction in type 2 diabetic patients[]J]. J Ophthalmol,
2017, 2017.3047867.



336 Chinese Journal of Clinical Medicine, 2020, Vol. 27, No. 2 FEIGKES: 202044 7 $27% $H2W

[36] LV H, LI A, ZHANG X, et al. Meta-analysis and review on [48] MARKOULLI M., YOU J, KIM J, et al. Corneal nerve
the changes of tear function and corneal sensitivity in diabetic morphology and tear film substance P in diabetes[ ] ]. Optom
patients[ J ]. Acta Ophthalmol, 2014, 92 (2). e96-el04. Vis Sci, 2017, 94(7).726-731.

[37] GUNAY M, CELIK G, YILDIZ E. et al. Ocular surface [49] WANG C, PENG Y, PAN S, et al. Effect of insulin-like
characteristics in diabetic children[J]. Curr Eye Res, 2016, growth factor-1 on corneal surface ultrastructure and nerve
41(12):1526-1531. regeneration of rabbit eyes after laser in situ keratomileusis

[38] ZHANG C, XI L, ZHAO S, et al. Interleukin-18 and [J]. Neurosci Lett, 2014, 558; 169-174.
tumour necrosis factor-a levels in conjunctiva of diabetic [50] FUJISHIMA H, TSUBOTA K. Improvement of corneal
patients with symptomatic moderate dry eye: case-control fluorescein staining in post cataract surgery of diabetic
study[J]. BMJ Open, 2016, 6(8):e010979. patients by an oral aldose reductase inhibitor, ONO-2235[]].

[39] ADAM M, BALCI M, BAYHAN H A, et al. Conjunctival Br ] Ophthalmol, 2002, 86(8):860-863.
flora in diabetic and nondiabetic individuals [ J]. Turk J [51] NAKAHARA M, MIYATA K, OTANI S, et al. A
Ophthalmol, 2015, 45(5):193-196. randomised, placebo controlled clinical trial of the aldose

[40]7 KHANSARI M M, WANEK J, TAN M, et al. Assessment reductase inhibitor CT-112 as management of corneal
of conjunctival microvascular hemodynamics in stages of epithelial disorders in diabetic patients[ J]. Br ] Ophthalmol,
diabetic microvasculopathy[J]. Sci Rep, 2017, 7. 45916. 2005,89 (3):266-268.

[41] KIZILTOPRAK H, TEKIN K, INANC M, et al. Cataract [52] PRIYADARSINI S, ROWSEY T G, MA J X, et al
in diabetes mellitus[J]. World J Diabetes, 2019, 10(3):140- Unravelling the stromal-nerve interactions in the human
153. diabetic cornea[ J]. Exp Eye Res, 2017, 164:22-30.

[42] JIANG D, XIAO X, FU T, et al. Transient tear film [53] LAMBIASE A, RAMA P, BONINI S, et al. Topical
dysfunction after cataract surgery in diabetic patients[ ] ]. treatment with nerve growth factor for corneal neurotrophic
PLoS One, 2016, 11(1): €0146752. ulcers[J]. N Engl J, 1998, 338(17):1174-1180.

[43] HALKIADAKIS I, BELFAIR N, GIMBEL H V. Laser in [54] PARK]J H, KANG S S, KIM J Y, et al. Nerve growth
situ keratomileusis in patients with diabetes[ J]. J Cataract factor attenuates apoptosis and inflammation in the diabetic
Refract Surg, 2005, 31(10):1895-1898. corneal J |. Invest Ophthalmol Vis Sci, 2016, 57 (15):

[44] HANSB, YANG H K, HYON J Y, et al. Association of 6767-6775.
dry eye disease with psychiatric or neurological disorders in [55] KIMSY, CHOI J S, JOO C K. Effects of nicergoline on
elderly patients [J]. Clin Interv Aging, 2017, 15 (12): corneal epithelial wound healing in rat eyes [J]. Invest
785-792. Ophthalmol Vis Sci, 2009, 50(2): 621-625.

[45] SCHULZE S D, SEKUNDO W, KROLL P. Autologous [56] SHEVALYE H, YOREK M S, COPPEY L J, et al. Effect
serum for the treatment of corneal epithelial abrasions in of enriching the diet with menhaden oil or daily treatment
diabetic patients undergoing vitrectomy [ J ]. Am ] with resolvin D1 on neuropathy in a mouse model of type 2
Ophthalmol., 2006, 142 (2). 207-211. diabetes[J]. J Neurophysiol, 2015, 114(1):199-208.

[46] GOYAL S, HAMRAH P. Understanding neuropathic [57] ABDUL-HAMID M. MOUSTAFA N. Amelioration of
corneal pain—gaps and current therapeutic approaches[ ] ]. alloxan-induced diabetic keratopathy by beta-carotene [ ] ].
Semin Ophthalmol, 2016, 31(1-2):59-70. Exp Toxicol Pathol, 2014, 66(1) . 49-59.

[477 GHIASI Z, GRAY T, TRAN P, et al. The effect of topical [58] BIKBOVA G, OSHITARI T, BABA T, et al. Diabetic
substance-p plus insulin-like growth factor-1 (IGF-1) on corneal neuropathy: clinical perspectives [ J ].  Clin

epithelial healing after photorefractive keratectomy in rabbits

[J]. Transl Vis Sci Technol, 2018, 7(1):12.

Ophthalmol, 2018, 12:981-987.
[(AXHmE] B, SHR%E



