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Abstract

Objective: To investigate the correlation between the clinical and biochemical indexes of type 2 di-
abetes (T2DM) patients and diabetes corneal neuropathy. Method: 75 T2DM patients admitted to
our hospital from April 2024 to October 2024 were selected as the study subjects. Using Pearson
correlation analysis and multiple linear regression analysis to compare the correlation between
general data and biochemical indicators and the length and density of corneal basal plexus nerve
fibers under confocal microscopy. The enrolled patients with type 2 diabetes mellitus were strati-
fied into three groups according to serum uric acid (SUA) level tertiles: Group A (SUA <283 pmol/L,
n = 25), Group B (283 < SUA <366 pmol/L, n = 25), and Group C (SUA >366 pmol/L, n = 25), to further
analyze the impact of uric acid levels on corneal nerve parameters. Additionally, patients were di-
vided into two groups based on the presence or absence of diabetic retinopathy (DR) to investigate
the relationship between retinal pathology and corneal nerve parameters. Result: (1) Glycated he-
moglobin (HbA1c), diabetes duration, uric acid, and creatinine levels showed negative correlations
with corneal nerve fiber length (CNFL) (P < 0.05). HbA1c and creatinine were negatively correlated
with corneal nerve fiber density (CNFD), while diabetes duration, creatinine, and uric acid were
negatively correlated with corneal nerve branch density (CNBD) (P < 0.05 for all). (2) HbA1c, diabe-
tes duration, and uric acid were independently associated with CNFL (P < 0.05). (3) According to the
interquartile range of uric acid levels, the corneal nerve fiber length and branch nerve density of
patients in group C were lower than those in groups A and B (P < 0.05), and there were no significant
differences in various indicators between groups A and B (P > 0.05). (4) According to whether DR
exists, the corneal nerve length and main nerve density of DR patients are lower than those of NDR
T2DM patients (P < 0.05). Conclusion: Hyperuricemia, poor glycemic control, and prolonged diabe-
tes duration were significantly associated with diabetic corneal neuropathy. T2DM patients with
hyperuricemia exhibited more severe corneal nerve damage, highlighting the importance of uric
acid management in this population. Moreover, the presence of diabetic retinopathy was correlated
with a higher risk of corneal neuropathic changes, suggesting that corneal nerve evaluation should
be incorporated into routine ophthalmic follow-up, particularly during fundus examinations in di-
abetic patients.
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1. 51§

B /K9 (Diabetes Mellitus, DM )& — Fit 82 5 4= BR300 BB A 08 PR AQ U It e d - L JRs bk iy, ot 28]
2045 HFEAERANKE R B B ECEIAS] 7.83 1211, DM 5 WL R IEAE PR B Kl PRI Ja B o 229
AR OREPRI AR« BB PRI I ACIESE . BE IR AR I 2 A e o WL IR A 2 —,  E IR IR R I
Bk H ARG IHB WD TR e TR, A E e A iR . FrE kbR s SR,
FwEHE R AAR LRI N %8 [2]. MR B (Corneal Confocal Microscopy, CCM) & —
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FRPE ARRAERT R ERIRIR, B DL R s N R AT A i VP4l AR AT
AIRRAL, R f A S TS A B N E S HERAMER] . BT CA KEVHTCUER, FER W S A
TR (AR S5 R W PG S 3 R AR W AR AL, Bl A IR B AT S . MR . WA TR
A A 22 R BRI B 380D, PR 2R 4E s it 2R NS (3]-[5]. H T, 2 ZUF% KW (Type 2 Diabetes Mellitus,
T2DM) 3 AR S 545 5 P 2L 2 1 . BB SRR AL . Il JRER 7K *F(Serum Uric Acid, SUA). I
BEohRetabn. 44 R D AKCPERE S, DURIE T A 05 R P S 22 (Diabetic Retinopathy, DR)Z [A]
A SR M A 2 4 B . R T, AR IGEE CCM K, RS0 HT T2DM 83 & Wl K M B AL Fa 5
5 AR 2 AR BE AR DG, USRS R # JECAH 28995 748 14) S A o e AN PR T TR (L BB AR -

2. #EREFE
2.1, —fRER

IEHE 2024 4F 4 F % 2024 4F 10 HIRBEBUA T 75 #1(150 AR)T2DM & AT FR R .

(1) BEPNARME: 1) T2DM EEFFE (P E 2 BB RIE BT ETE R (2020 4E50)) HAH G2 Wit FE AR
#E[6]; 2) FE#E 50~70 & 2 IAl; 3) IGIRBIREIERE; 4) Y17 CCM K r, BUGRETEW, ZTRei,

(2) BEHRAAE: 1) KA BT, 2) IRAMG. IREFA BRIy 2. 3) MR ErHAbyR
s WEDIRE A BUAE AR, IR FE e R B SORE OGRS 4) HIR AU N A R R o
B RS PrAERSRE L. 5) A DRI HAh 4 S PR AR OCIR YT S, a0 A

M2 RGN SHESBEMENT . = XA ae . S5ZR L5 . 6) A mIMENSEE . PRI S HAR R R
PR HIZ5Y.

3) 8 RIIRER A = A7 [ PR BTSSR /Y 75 5] T2DM i 739 A 41(SUA < 283 pumol/L, n =
25). B #H(283 <SUA <366 umol/L, n=25). C ZH(SUA > 366 umol/L, n=25); F%IEZE1E4E DR ¥ oy
4 DR #(n = 50) /2 NDR #(n = 25).

2.2.CCM &

(1) A088: RABOCIER A D MBIHRTI-RCM B, 18 [E 18 68 /3 7)) % A AR g I s2 . i &t
JEAE K 670 nm (OLL Ot 85 m VA SRV B BE A S R B N 5 ot S5 O 1A S SR TR DA % [
BICHS B LR AATIEE, FHIKL 800 fi5, H1HEIEF 400 pm x 400 pum (384 153 x 384 {5%).

(2) WAEFE: ERARAETLATREEE B A MA NG, 25— RPEJCH A e, SRR
N 2 90 0.4%#h R BLAf < DRI FIR R A0 0 B 5 0 B T PR TR 2 5 RS B3 SR AT, 10 2 W SR U S YIRS
Betr R D MBS AR LR B AR RIRERERE, MR R L EL R R
S0, sz ANEG, SR 10 KB R . BNZEEIERE 6 kG kI A, TG ES
B, PR ERESE R PHME. CCM B SHEE . MM E T A% E(CNFD: &1 2K EMEm
H0) . IS ST B (CNBD: 5-F 7 2K 50 30 M0 A 4T 4K B (CNFL: £4°F 75 2K L Z 0
I BKSE).

(3) B KA Image] % AF) Neuron J - fic M L j2 R @404, THHEAT 5 2 K
G WK T R T AR

2.3. fERFREE

WEEFTA 2R & ERE . M. BEIRPIFE . BMIH . SEI0 =4 br: MOPEHEL ML A (HbAle) =
JEMLHE(FPG)]. AR =Mt H(TG). RHEEE . &% G 8& A(HDL). K% EAE& A (LDL)]. ‘& IhRg[iL
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WU (Ser) JREZE(BUN)]. JRER(UA). 25 B4R Do TyG 8% = Ln [FIEIMLHE (mg/dL) x =58 H i
= (mg/dL)/2]. R HEHHE FR 75 A X 5 A (K ARHE [ 7], F T b P BRI U o) A PR 95 0L W) s A 47 7% o
£ A

2.4. ZiHESW

K SPSS 27.0 HAFHEAT Gt 20 M. IR TFREBIRILL x £ s RoR, PRI SR I MAIREA t
Ky, —dHIa L ECR H R ANOVO Kl (5 EEBCR ] LSD-t k). ARIEZ A vh & 50k DL AL
LW Az Ia] B M(QL, QU)K R, RHIBRAG R THEBERL A n (%) R, KA > K% . Pearson M%7 4T
FOP R FH IR IR RS CCM K& as R M, 2 HANERIH M IR R0 T2DM B A L B F
SRBEMARHE R, LLP<0.05 NEFHGIHFEX.

3. &%
3.1. T2DM BEIRKIEIRS CCM T HEHZSH BN S

FHUSEE I & TG IR TR AR S CCM I 1 A 22 S50 AT Pearson AHICTE AT, HbAlc. WUEF. BEIRE W
. IRIRS M A K ARG, HbAle, WIEFE T THE % B A OC, BEIRWIEE . WLEF. RIS 73
PR B AU OC(B50 P<0.05), BASGIFE: BEFR, =8, TyG %, m%EEES. 1K
FEEREA. REA HERES A2 KR %I RGN P> 0.05) (WK 1).

Table 1. Correlation analysis between corneal nerve parameters under CCM and various clinical indicators in T2DM patients

F* 1.CCM TREREZSHS T2DM & ZIRRIEFRE XM ST

fabr ML KE(CNFL, mm/mm?)  ETMEEE(CNFD, A~/mm?) 433 fH4% F(CNBD, /M/mm?)
r P r P r P
R 0.113 0.333 —0.042 0.720 0.054 0.643
HbAlc -0.263 0.023* -0.230 0.047* -0.156 0.182
B PRI I A -0.278 0.016" -0.153 0.189 -0.237 0.041"
JULEF -0.346 0.002"" -0.256 0.028" -0.272 0.019"
RER —0.149 0.202 —0.182 0.119 -0.079 0.498
i =g -0.115 0.325 -0.211 0.069 -0.003 0.976
TyG 5%
BMI 1
- -0.096 0.413 —0.141 0.228 -0.006 0.957
R EERE A
BMI 0.071 0.545 -0.103 0.380 -0.062 0.595
JIEL ] e -0.062 0.596 —0.139 0.234 —0.074 0.528
IR REA -0.101 0.388 —0.146 0.212 -0.121 0.300
% R 0.143 0.232 0.049 0.682 0.122 0.308
HAEHED 0.181 0.198 0.222 0.117 0.067 0.638
PRI -0.297 0.010** —0.143 0.220 -0.251 0.030"

F: *P<0.05, **P<0.01l.
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3.2. FERmARHERERXERNS ELMETTH

NT DT T2DM B A AR R I 5 DA G R 25, Pearson AHICHE /3T A Goit- 3 X
(FIE5 2 HbAle FEIRMIHAE JUUEF. JREROIN 2 B LRVE I 7317 . DL T2DM B3 M A K N R AR &
BEIRIIAE . HbAles WIEF. JREEN A ZEMEZ BRI, SR ER, BRBHRE. HbAle, JR
R 5 T2DM 3 f R 26 K B 5 BT A St (F o P <0.05), LT A A 42 K 15 6 B B AR S5 (P > 0.05)
(W7 2). PRI BRI R AR RZ Z BEAWE RN, 55X R AT — P07

Table 2. Multiple linear regression analysis of factors associated with corneal neuropathy in patients with type 2 diabetes
mellitus

7% 2. T2DM BEARWERETHRXEARNS ELMEIAD

%= EVEES 4 T1E BEM VIF
B PRI i 12 -0.15 —2.628 0.009"" 1.140
JRERIKF -0.016 -2.818 0.012" 1.395
JULEF -0.011 -1.512 0.121 1.421
HbAlc -0.576 2717 0.010™ 1.023
F & 7.807
TR 5 (7 R? 0.272
D-W 2.058

F: *P<0.05, **P<0.01l.

3.3. T2DM EEREEKES CCM TREHZSBHNXER

N HE— B IRUERIR AT 5 A 2 O B DIAR S, AR FUCR M = 0326 75 6] T2DM S35 1%
ML PRER K700 3 4L, B Ge 73 Hr B 2HLIA) iy S psh 22 AP Y P S PR R 2 e b o

3.3.1. BE—MRFN R ENIBIRELE

A 25 BI(H 9, 16 Hl), FEid62.36+7.18 %; B 4L 25 GI(F 14 41, 4 11 4), F#s 62.40+9.52
%y CHAL25 B 16 B, % 9 Bl), FEft 59.12+10.11 % . 3 HARFRERAKT B3 2 A4EES . 7). HbAlc.
B PRI AR DL S S T AFCERE PRI L B A8 3 Te B B 22 5, To4eih 48 (P8 P> 0.05) (L4 3).

Table 3. Comparison of general information and biochemical indicators between different uric acid groups

3. TREIFRER YA 2 Bl —RRZTRL R A ALIRARELER

25 A B4 CH Fly? P
e 62.36 +7.18 62.40 +9.52 59.12 +10.11 1.086 0.343
T (H1/%) 9/36% 14/56% 16/64% 4.167 0.125
B PRI A 13.44+7.14 10.24 + 8.38 9.76 +5.73 1.946 0.150
HbAlc 8.29 + 1.84 7.99 +2.09 8.06 % 1.75 0.169 0.845
DR (#11/%) 9/36% 6/24% 10/40% 1.560 0.458

33.2. RETHE CCM THERZSHER

7 CCM EUE R IR Ay B ALEE A L PS4 R 2 TN, EFRT%, CCM St
Yi ek BRI (E 1(a)s B 1(b), CHEHE M LR TS ANMETYERET, RN, e
RN, RFREAE 1(0).
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Figure 1. (a), (b), and (c) are examples of morphological manifestations of nerve fibers in the corneal subepithelial plexus of
patients in groups A, B, and C respectively. The shooting range is 400 um x 400 pm (384 pixels x 384 pixels), and the
scanning depth of the microscope is approximately 50 pm. Zoom in Multiple x 800

B 1. (), (b) ()74 A By CHEBERR X THEMMETHERSFRIRA, HIETEE 400 um x 400 pm
(38418 F x 384 18 H), EMBIAMREAL 50 pm, FHAREH x 800

C HBHMPEME KL, SIS H LT A BWY, ZRAASRIFERE (P <0.05), ETHE
HERWYRZER(P>0.05). Av BAHZEE, MBHEKE, BEHLEZERP > 0.05) (LK 4.

Table 4. Comparison of CCM neurological parameters in 3 groups of patients with different uric acid levels

% 4.3 ARRFRERKEEE CCM HESH LR

S AREEZ K (CNFL, mm/mm?)  E A% (CNFD, 4M/mm?) 3 S WA FE(CNBD, AN/mm?)

AH 15.18 +3.84 29.36 + 8.59 30.78 £ 13.46
B4l 14.59 +4.00 29.14 +8.03 30.32+16.83
CH 11.84 £3.21% 25.44 +5.66 21.18 £11.93
F 4.434 2.25 3.47
P 0.015 0.11 0.037

W ®P<0.05, A5 A, BB N P<0.05.

3.4.T2DM BERKUMERESAEHESHHNXH

N T HE ST BOERE PRI A A 2208 7 5 8 PR W I 5 AR R 2 (R AEEAR DG, FRATTAR IR TR AEAE
DR #7082 41, DR AEEHERPHFEEZE KT NDR FEFEP < 0.001), 2 HZ FFE. Ml
HbAlc ¥ EHH B2 738 P> 0.05) (WL 5).

Table 5. Comparison of general information and biochemical indicators between DR group and NDR group

%% 5. DR A5 NDR A—AR &R R IEFREE R

2 NDR 4 (n = 50) DR 4 (n = 25) T/ P
Ga 61.94 + 8.66 59.72+9.79 0.997 0.322
F3(H#1/%) 25/50% 14/56% 0.240 0.624
B PRI I A% 9.26 + 6.93 14.92 + 6.48 3.402 0.001**
HbAlc 7.99 +1.77 8.36 +2.08 0.792 0.431

T: DR ACRAFENE BB LA B A2, NDR AR TCHE IR B33, **#P < 0.001.
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DR %15 NDR 4H 3% CCM T fi A2 S8 8L, DR B M I 2K B J 3 T 0h 435 B 24T NDR
] T2DM B, ZREAGH R (P <0.05), 7> SCME % R W E 2 %P> 0.05) (IL3E 6).

Table 6. Comparison of corneal nerve parameters under CCM between patients in the DR group and the NDR group
3 6. DR 255 NDR 8% CCM TREHESHLLE

il £ A2 B (CNFL, mm/mm?)  E 4% B (CNFD, ANmm?) 7332 #1243 8 (CNBD, ~/mm?)

NDR (n = 50) 14.45 £3.82 29.20+£7.22 27.96 + 14.57
DR (n = 25) 12.26 + 4.09 25.19+£7.95 26.08 + 16.52
T 2284 2.279 0.503
P 0.025" 0.026" 0.616
E: *P<0.05,
4. g

B PR I95 (DM) & —Fh ABEAR IR 25 8L 9 1 ZRFIE ) 2 AR R, T B0 g R4, Bk, RS
ZAE IR E, UAEMTR RV, BRI — R R AN, AR R, Wi s, fAs. AR
JULTEF AN R IRSE, AT BE 3 (R 2 5 0 PR BT (1 R 2B R JE I FR[8]. iltn, =i JRIR /2 T2DM & 58 R i
FEl e 2R AR R R R [9]; & I i H-ih =8 fURE BCE D R AS A (R0 W8 PROvs S, A DX B A8 10 A XU
SEIGIN10]e WE PRI HEACRE IR A AR I Je ot 22 TR 3R SR AV E T I 46 4

B PR IR 2 I ARE H BT 2 B V2 000, IEH B 010 R Diae SIR RIS BV, BRI
BHE MR YKL HRE IR, PR A4S g, e 2 AR a5 A R A I AR 11 ] g
TG G 2 T REREAT, R T A RSB T BRIl T 51 IR WAk A I b R 447 J5 A AR
R LR 12].

B PRI A 2 S RN S 2%, I R LA L = AR SR, MRS TR 7 P ORI R B Z AR AR K
Rz, IR/ NSRS RNA T HLH] R0 45 2 MR 2R3 5 M e S 806 05 [13]. 72O A bt
FERH[14][15], HbAle 7K S IR FE S M IR 48 2 [BAFAEORIE, BR IR i 2 B PR i) AN
() B R AR BT O, BATEF S RS 2 AL SN RATE I T2DM B3 JRIR . WLEF /K-
A2 KB RS, AT ARG R ER . HbALe. FEERIR R FE LB XA BRI A e 2295 78 1) 5%
W, PR T ZEAEMERIASNT . MEME K AR BB IE T A S 4 K AR,
FESHT CCM BHRIS, AR S R T 0 S T REAAEZE S, R AR 2 K FE IR P B R 13
BET Ky XA [16] [17]. {EZHELHREIAS T, BATIEE ABEHEKENFLE, JRIE.
HbAlc DLW R s FEAE 2 1| FA AR 2 5 470 5 M I K ARG, T UL RS AN PR35 . B AE AR K
goeb,  WLEFH A B 235405 0 S o] el HbA ey FBEERRIRAE . JRIRACT s HAD &4 S 10

PREGIEH 7KF N AN BT, 10 i PRER K TS0 U O S, IR 5 A ERI[18].
JERTHE AR, Zhang S5[19], WA IRIR AT Re 2 0 PR JE FEL A 22005 A2 1 fa B R 3 s — Tl Meta 73BT ¥
AN[20], i RER AR AT B8 A2 PEAL T2DM JR 35 A=Wl PR3 J L Ak 220 A8 (1) SRR b o A TR 22 2 4 B SR
PREE ) — 5y, Sel il = JRER7K T 5 08 PR S8 A A 22 40 40 B AH SV A0 AT o AT 8 AH DG A% 23 2
Z IR T R I, LR ER K5 A AR A AFAE B A DG, D T B IR IR 5 AR A 2203 A8 1
KR, AT BB IER T2DM B 1% R =i 3 4, ol R EE,
JERP £ P AN 9y S 2 BESBIRAR, F I 22 2T S A e A P AL T D B S, LB L vT B S s R R
51 R AL ROECE 55 . JRIBAKSERE &N, J) NADPH FUb B s, SIELRASEE, %S ROS 4%,
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WOE AU L [21]s i PRERIE AT 52 28 RE A0 B N R IR R A5 58 T SORE R SN, S8 A I % 980
R AT AP, e FIIRE[22]. IEHEEOL N IR A NEE SPUEMLF], AtFH AL BH
M2 A AEM LAY B 2R, WS AL B 4L E RREMAC. V107 BT E N A <.

5 R 95 AL 9 5975 38 (DR A2 W PR 5 LR ¥R ARE 2 — . HI[23]. Han [24]%F, &I DR & fEAHE
75 NDR A, DRIEE™HEFEE S A LR e AR B BB e . A SEI0 R 7547
7£ DR ¥ & 504, DR HEFMBEMAKE, TP % B8 NDR 4LEE D, MmN
BT o BE R PR AL IR IS AR R A AR, BB R JE A RS b R N AR 2 R A B, 1K 5 S AT B T 4
H23]-[25]— %K.

g ERTIR, FRATN g PRIR (AR 428 ) AN (E BORE PR3 I R S K 5 00 PR AR B 2 AR B DA G o
JRER/KT- () T2DM B A A 24505 S N R, T2DM BB 7 7™ n % i afi e sl v/t 75 200 3 IR IR /K1
MFE, AERREQ . TRBTRE R M AP 2 A2 (1 A AR J& . DR RS T8 5 th RS R F R 20 A, AT
MR RS 7 I 0 B R A A 2 B U e . H AT, B AN SG T PRIR K- 5 A RS G840 40 A G 1k R BIF 9T 48
A, TEARKAEARE T R, HiBEE ) SCIQ BT RE AT Z32H SE RS i X R RE PR ) B A A58 — DR &R

REHEMAERE

AR FMARET (FA/RERET) MER, 2R EE OB MERER, W SR
JE ZE B AS HE 2R G S HEAIE SC S : QYFYWZLL30043).

EHEWHE

ERXHERZEELTH, TH%S 81900824 .
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