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Analysis of the Relationship between Serum HbA ., 25 (OH) D,
MMP-9 and Postoperative Dry Eye in Patients
with Type 2 Diabetes Mellitus Complicated with Cataract*
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ABSTRACT Objective: To investigate the relationship between serum hemoglobin A, (HbA,), 25 hydroxyvitamin D [25(OH)D],
matrix metalloproteinase-9 (MMP-9) and postoperative dry eye in patients with type 2 diabetes mellitus (T2DM) complicated with
cataract. Methods: 162 patients with T2DM complicated with cataract who underwent phacoemulsification combined with intraocular
lens implantation in our hospital from January 2019 to December 2023 were selected, patients were divided into dry eye group (53 cases)
and non-dry eye group (109 cases) according to whether dry eye occurred after surgery. The levels of serum HbA,., 25(OH)D and MMP-9
were detected. The factors of postoperative dry eye in patients with T2DM complicated with cataract surgery were analyzed by multivari-
ate Logistic regression, the predictive value of serum HbA,, 25 (OH)D and MMP-9 levels for postoperative dry eye in patients with
T2DM complicated with cataract were analyzed by receiver operating characteristic (ROC) curve. Results: Compared with non-dry eye
group, the levels of serum HbA,. and MMP-9 in dry eye group increased, and the level of 25(OH)D decreased (P<0.05). Multivariate
Logistic regression analysis showed that prolonged course of T2DM (OR=1.245, 95%CI: 1.007~1.539), elevated HbA,, (OR=3.132, 95%
CI: 1.745~5.624), and elevated MMP-9 (OR=1.206, 95%CI: 1.091~1.333) were independent risk factors for postoperative dry eye
in patients with T2DM complicated with cataract surgery, Elevated 25 (OH) D (OR=0.854, 95%CI: 0.773~0.945) was an independent
protective factor (P<0.05). ROC curve analysis showed that, the area under the curve of combined prediction of serum HbA,., 25(OH)D
and MMP-9 levels for postoperative dry eye in T2DM patients with cataract was 0.921 (95%CI: 0.868~0.957 ), which was greater than
0.793 (95%CI: 0.723~0.853), 0.779 (95%CI: 0.707~0.840) and 0.783 (95%CI: 0.711~0.844) predicted by serum HbA,., 25(OH)D and
MMP-9 levels alone. Conclusion: Elevated preoperative serum HbA,. and MMP-9 levels and the decrease of 25 (OH)D levels in patients
with T2DM complicated with cataract are closely related to postoperative dry eye, and the combination of serum HbA,, 25 (OH)D and
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MMP-9 has a value in predicting postoperative dry eye in patients with T2DM complicated with cataract surgery.

Key words: Type 2 diabetes mellitus; Cataract; Dry eye; Hemoglobin A,; 25 hydroxyvitamin D; Matrix metalloproteinase-9
Chinese Library Classification(CLC): R587.2; R776.1 Document code: A

Article ID: 1673-6273(2024)17-3359-06

YIS

R

il

2021 A R DRI HR o N B2 1.409 42, Hivh 2 BUBRRR
(type 2 diabetes mellitus, T2DM) 5 FbilE i 90%M, [ P FE &
T2DM H & UL A R I i LA B ) R R LR R,
FEE AR A A T A AR 241 T2DM & 3 1 N FE e
HRLRIRIT I AR 43 23 R S5 30 & IR ™ S50
HRE AR, R R T T2DM & 91 H N B 5 AR I
Vo S s e R T el S 1 R ) VAN 2 W A AR L
Bz B B IR AR T | A 1 TH RS T RE 35 L 2 SR PR A DG TR 1Y
KR EY, LML 1 (hemoglobin A, HbA ) Jy Ifl 21 & 1
AEFERE LR =4, & AT PR T2DM B35 IR 1) S bRt
Houe B T 5 = IR DIAH O, SR 2R PR T R 1 S fE B
R Z69, 25 ¥4 2 D25 hydroxyvitamin D, 25(OH)D 24k 4=
# D(vitamin D, VD)7E M H B EEFE I, el 455
VD ZIRE A5 PUEAGSEE T, WF5EHGE , 25(OH)D 5+
IR ZRIEREARSE ®, B4 EE MR (matrix metallopro-
teinase, MMP )-9 J&:—Fh B S , HLAT 2 58 AR L 2 B B S AR
FHEL RS HRGE 13 MMP-9 /K- 55 HI £ 25 1 AR B AH O,
{H 3¢ F T2DM & 3 [ P & F R & # 1 7 HbA,..25(0H)D,
MMP-9 5ARJ5 & TR RN ARER, T IHAIEHRE
mr,

1 7R 577

L1 IR E

BEHL 2019 4 1 A ~2023 4F 12 A fefkBetr izl A
BB AR A AN TR AR ARG T2DM 5 JF H N B
162 ], ARFTELFRBEAC TR S 2ot . AE ARV 42~76
%, F-14(60.19+6.36) % s % 73 {5l | 55 89 1] ; T2DM g £ Hh fir
6.00(5.00,8.00 )4 5 4 Py F& 5 2 A v 14.00(12.00,16.00) A 5
PRS- JERE N1 41 1) B2 Bk 45 1) Rtk 76 Bl AR
(1) 4FH% 18 2 KL B3 (2) FRfIBTRSEHE ; (3)T2DM 455
(IR 2R R B 10 4 B4 7 (2018))MMZ BT R ofi 5 (4) iR
KR A BB RS RIE; (5) HMEEATE (IRBHG RS HE
CHRSCER = RO P2 Wik il 5 (6) FRLIR S 5 (7) vh 2R B N
B, ELA 7 32 408 HRRR I (AR 7 A 7 LA 1 P R B AR B
BNTRRHLAARGGT T o HEBRbRIE: (1)1 BURERN 5 (2) 81
FRE 0 5 (3) B IPRE PRI PR G 2 | B B AL 20
AR B DRIV AR R AL 10 J R K BELZE | B A B A P4
i 5 (4)HRIMITEHR A FA S 5 (5) A B A FARSEAEH (UnH
e RVES B ORI S A I IR R A5 ) 5 (6) I
AHf U S SR S AR TG 5 (7B WA 5 (8) ML R 9
R A PG (9) B AL B 5 (10) # 52 fioh B il
s CLDAHT IR
1.2 77i%

1.2.1 ImiE HbA .25 (OH)D.MMP-9 7k &M  REEFA &

F RT3 mL KM, £ 3000xg B0 25 min, B EJZ i3 H 4
A3 HbA, i (RS (B) EYRHAIRAR, B5.
HLC-723G L1745 HbA., { F _I- 1R Af S2lk A BR2S Fl$R LAY
25 (OH)D .MMP-9 g 1Bk 4 5 W B 725 12X 5 & 4G 3 25 (OH)D
MMP-9 /K-,
122 HwRE WIS T2DM &1 H A B —
Bh AR AEEY T2DM fEHE L B AR | P RS 3
AR A AL B S R (] Emery 438074k, 3 T~V
GO TR B TFARY] A7 E GE W AR A YRR E U
BRIE ) | I (US4 T VBT 5K ) L 225 IR I i P [ O 5 e
(TC) Hl = (TG ) , /& % FE Jig 2 1 I i (HDL-C ) I %% i
A BE [ B (LDL-C )1 M7 IR A E A RS RE TH RS S et
(B 55 Gk
L3 FHRiZHFS4E

T2DM & HANBEEREARG 3 A NSH(TIRIGRESTY
LR IER(2013 ) YHSWT TR « (1) HREE W1 B sl A E R
95 57 IR e R IRk SRR TR AE R 2 — 1 Schirmer |
R ICR R ) <5 mm/5 min B 7H AL ZLNR] <5 55 (2) BRI
BT BN A %55 B Bt B SR TR A
JRZ—F1 5 mm/5 min<< Schirmer [ 5 (TEF TR ) < 10 mm/
5 min 5 5 s<JHEREALT A1 < 10 s, AL 25062 YL e A,
6 UL EAE—T02 WA TR AR 5 & 4E TR T2DM 5 7F:
B 4 T HRZH (53 451 FndET-HRZH (1094 ) .
1.4 GEitEor i

fifi i SPSS28.0 4K {4 447 4t 14347 Al GraphPad Prism 8.0
BAFHIEL LL(%)FR T EGORME T o7 K65 LA M(Pas,Prs) 36
TN RS AR T BERMET T U k36 s FR 0 IR 4010 1t
ORMIT ] t K250 ; Z2 KR Logistic 147041 T2DM & 311 A
FEFERBERGIETIRANE,; ZiE TR (Receiver
operating characteristic, ROC) Rk 4347 L7 HbA,..25(OH)D
MMP-9 7KF4F T2DM A9 1 N FEFAR B ARG I & T IR A Fi
M{E , Delong £ 56 LLAL 1M1 7% HbA,..25(OH)D \MMP-9 JK -5
2y 5B F00 A 1t 42 T T R (area under the curve, AUC), fi %5
IKUEBE R 0=0.05.,

2 R

2.1 FZELZA M ;E HbA,.25(0H)D ,MMP-9 7K T kL #;
THRA M 7E HbA . MMP-9 /K& F9E TR 41, 25(0OH)D
AR TAETHRZH(P<<0.05), WLEk 1,
22 WMA—EAENILE
THRZH T2DM Ji A< AR TR 4, vH ARy 4 mt o) g Tk
THRZH (P<<0.05), WHZH 501 A1 (1 DI BRI B2 A |
FLRES A SR AAZATE B 390 TR B R | i A iU AR
YIE AL E AR T A IR N AR R T LR e 25 = (P>
0.05). W32,

4
e A

-



DREYESSHE  biomed.cnjournals.com  Progress in Modern Biomedicine Vol24 NO.17 SEP.2024 - 3361 -

& | FAMTE HbA,.25(0H)D MMP-9 7K L8 ( x5 )
Table 1 Comparison of serum HbA,., 25(OH)D and MMP-9 levels between two groups (xzs)

Groups n HbA (%) 25(OH)D(nmol/L) MMP-9(ng/mL)
Dry eye group 53 7.81+0.90 31.18+6.01 44.52+4.23
Non-Dry eye group 109 6.68+1.10 37.40+5.21 37.80+7.53
13 - 6.529 6.448 7.254
P - <<0.001 <<0.001 <0.001
R2 WA RABILER
Table 2 Comparison of general information between two groups
Projects Dry eye group(n=53)  Non-Dry eye group(n=109) x/t/U P
Sex [cases (%)]
Male 30(56.60) 59(54.13) 0.088 0.766
Female 23(43.40) 50(45.87)
Age (years, x+s) 60.55+6.51 60.02+6.30 0.496 0.621
Course of T2DM [years, M(Ps,Pss)] 7.00(5.00,8.00) 5.00(4.00,8.00) -3.241 0.001
Cataract duration [months, M(Pys,Pss5)] 14.00( 12.00,18.00) 14.00( 12.00,16.00) -1.831 0.067
Type of cataract [cases (%)]
Subcapsular 17(32.08) 24(22.02) 5.003 0.082
Cortical 9(16.98) 36(33.03)
Nucleality 27(50.94) 49(44.95)
Pterygium [cases (%)]
Yes 23(43.40) 32(29.36) 3.134 0.077
No 30(56.60) 77(70.64)
Lens nuclear hardness classification
[cases (%)]
[ ~1II Grade 22(41.51) 62(56.88) 3.375 0.066
IV~ YV Grade 31(58.49) 47(43.12)
Operating time [min, M(Ps,Pss)] 24.00(23.00,26.00) 24.00(22.00,25.00) -1.732 0.083
Location of surgical incision [cases (%)]
Transparent cornea 9(16.98) 6(5.50) 5.593 0.061
Corneoscleral tunnel 19(35.85) 44(40.37)
Scleral tunnel 25(47.17) 59(54.13)
Systolic blood pressure(mmHg, xs) 125.60+12.01 122.24+9.98 1.881 0.062
Diastolic blood pressure (mmHg, xzs) 90.98+7.46 88.98+9.34 1.361 0.176
Fasting blood glucose (mmol/L, xs) 11.45(8.31,14.39) 9.93(8.17,12.71) -1.954 0.051
TC(mmol/L, xs) 5.12+0.82 4.85+1.08 1.787 0.076
TG(mmol/L, x=s) 1.87+0.75 1.67+0.69 1.671 0.097
HDL-C(mmol/L, x+s) 1.10+0.21 1.16+0.20 -1.833 0.069
LDL-C(mmol/L, x:s) 2.90+0.51 2.75+0.41 1.919 0.058
Vision [LogMAR, M( Pss, Pss)] 0.40(0.23,0.70) 0.47(0.30,0.67) -0.982 0.326
Intraocular pressure(mmHg, x+s) 15.45+2.17 14.99+2.69 1.076 0.249
Corneal thickness(um, xzs) 539.01+28.88 543.43+30.56 -0.879 0.381
Tear film breakup time [s, M(Pss,Pss)] 9.00(8.00,10.00) 10.00(10.00,11.00) -7.973 <0.001
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SE93T H [T2DM e JH B 24 5] \HbA,. . 25(OH)D \MMP-9

(BFSRAD] AR, HE4T Logistic [MIJA5047 . &5 R R
T2DM Ji f 4 K \HbA . Tt iR JMMP-9 JI#5 0% T2DM & 31 N
BT A BE ARG IE A T IR ST AR N ER , 25(OH)D Tl Ay it
SRR (P<0.05), L3k 3.

%3 T2DM §HBENEFRBERBHEFRISERE Logistic EIASHT

Table 3 Multivariate Logistic regression analysis of postoperative dry eye in patients with T2DM complicated with cataract surgery

Varijant B SE Wald %* P OR 95%CI
Prolonged course of T2DM 0.219 0.108 4.088 0.043 1.245 1.007~1.539
Tear film breakup time extension -0.093 0.055 2.866 0.090 0911 0.818~1.015
Elevated HbA,, 1.142 0.299 14.620 <0.001 3.132 1.745~5.624
Elevated 25(OH)D -0.157 0.051 9.359 0.002 0.854 0.773~0.945
Elevated MMP-9 0.187 0.051 13.449 <0.001 1.206 1.091~1.333

2.4 ImiE HbA .25 (OH)D MMP-9 7k E3f T2DM & 3 8 H f&
FREERAEHLZTRIBTNMNE

3H 3 Logistic [a] )34 % HbA . .25(0OH)D . MMP-9 7K -
1564 U M % [Ln ( P/1-P )=-11.806+1.297 xHbA -0.205x25(OH)
D+0.210xMMP-9], 2= 1l HbA,..25(0OH)D . MMP-9 7K F- 24

M 5EA T T2DM S AR EFREZEREIF L TIRK
ROC £k, I M ILE AUC, 2558 @R : L7 HbA,..25(0H)
D MMP-9 JKFEEA T 9 AUC 2 0.921, KT ifiE HbAlc,
25(0OH)D \MMP-9 7K F- 50 T3 1 0.793.0.779 .0.783 (Z 45 3
k1 4.230 ,4.354 4.392, P$<<0.001). U3 4 I 1,

% 4 I HbA, 25(0OH)D MMP-9 7k 3t T2DM §H BHNEF R BEREH R FREFTMNME
Table 4 The predictive value of serum HbA,,, 25 (OH) D and MMP-9 levels for postoperative dry eye in patients with T2DM complicated

with cataract surgery

Norm AUC 95%CI P Cut-off Sensitivity( % ) Specificity( % ) Youden index
HbA,, 0.793 0.723~0.853 <0.001 6.63% 94.34 54.13 0.485
25(0OH)D 0.779 0.707~0.840 <0.001 35.62 nmol/L 73.58 68.81 0.424
MMP-9 0.783 0.711~0.844 <0.001 40.21 ng/mL 88.68 61.47 0.502
Combination 0.921 0.868~0.957 <0.001 0.29 86.79 81.65 0.684
10 - _ RUAEFIEAE A LA I A BB AR A A T R AR AR
i s S HUASHE AR , (EL Pk T T2DM J2:—Fih R AR , IR A7
Bl LF U Retlane GIPSdrne s bls D et e Gl 2 s
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,, - MMP-9 W BUAERG LTI B Amadori 74 , RN ZT 26 11 A
00, . .1, . .

—_ Combmatlon
L 1

0.0 02 0.4 0 6 08 1‘0
1 — Specificity
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Fig.1 ROC curve of serum HbA,, 25 (OH) D and MMP-9 levels in
predicting postoperative dry eye in patients with T2DM complicated with
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