N

P TR R E

RANEZERTFLARE 5 5 55 06 1 2026 4F

M5 25-FREHEER D IKESHERHBIRMIRFEEZEX LRI R

BRI

£ A?

LB REZEE RKREZERE BYIHARERASWBH TR 51 518020
2RI ARER (AR RESE—HRBER, BERKEFE IRKESE) WAWBE TR &Y 518020
(3 ) o R R A5 A B PR BB A LI IR RRE, R ARk TR M S B I LB R —, WA A . A

BRFRSZA BRI A SO R 1 30 A e R B AL . 4EAE R D B AERE R B R L,

I3 25-FFEYEA 3R D R R Ak

WA DRSO EZI bR, 4EE R D RN 2OE U S RG 55Ty TR FEAE A . Bl B 2R 3R D IRk = 2 B R
RS T RS A S e A A W R AL I R AR B U, A SO I SRR PR WL R R 22 5 4R 2R 3K D SR Z RIARSRIE, B PRI AL

R TININ e R R

(8] - WEPROR LR AL I 25-F2 34k R Dy R DGz

DOI:10.12417/2811-051X.26.06.016
1 5%
1.1 5% BRI 0 R 42 F) X BRI S 4

WE RGN ESAE (DiabeticRetinopathy, DR 2 b fR 95 £
LML I RAEZ —, BA AR, 75 BRI E N
JIRR I EEIRFNF R, AT Z AR R, 2 35% 1085 R
T3 B 2 R R DR, XA A d 8 KR X B e 1
BB PRIAE DRI A, AR AIE A2 AR Do JE Rl 1L 2 AN T T A
TR E AL IR FIRL I, R TAEAERE AT R W o
JEDHSSO, Al SRATRE TR, B RS A DR () 0 %
TEZJRIE N, T I H 50 Y A kg SR,
1.2 24K D R SRR A Bt

¥ 25-FH 4k 4E 2 D[25-hydroxyvitaminD,25(0OH)D] A& &
W44 % D RIFIIF T4, BTG MEY4EE 3= D B 37
RO B EFa bR, FOUREE v i@ myE M & e e ™. 4i4:% D 1
R R R, RS TR R 2 A TN AR, AR
FEVRTTHRFEC, EIRALI, 44 R DR BET Kt
PRANCILE AL BRI SR AL ORIV, 3K AT AR R i — U I JEE
B g 0 BE PR U R, 125- TR E4EAE R
D3[1,25(OH)2D3fE R iE e, AH RZEH TG, Wn
TE R ZH 240 B AR v RV ZE A F Y
1.3 &4 R D BRZ 5HUILE F RAE R RBRUL

Y4 3K D B = 15 DR S50 PRI 3 RORE I ORI A
ZARHBILRLL, 2T FOW SR, G 25 (OH) D /KPR
55 DR SR RGN FE ARG, RIAETE R TR R AR . AR
BEHSRRE RIS, XA AR, SR, #4BF 7T A
felt, 4% DAY 25 (OH) D 5 DR HISEBETT fELL A
Ye4 3K D KPR B3, SR R T ZE AT 3 I RORE VT
HH [ RO X SE R T IR R 4EAE 3 D 7E TR AR TR R v
T I AE B E BEE T JE Al

52

2 WATIRFESE ) R G T
2.1 BEETEA SRS TSR

T THTAIE A2 1R 25 A5 23 BT M I3 25 (OHD D 7K*F-5 DR R,
M et 7 EELEE . — TN 15 BB R, 3t
17,664 42 RA LR T AR, 2 BOBE IR B8 h 443 D
B I 250HD<20ng/mL 5 DR KUKy & & 10 inAg e03, gt —
WA TR, HEY AR D Z (<I2ng/mL) # [ DR
PR EE Ry, RS ok B 4EAE # D = 5 DR KUK R G0N
M, BT 20 HRFAR (n=22,408) HIRGELHIR FIRE S FHK
25(0OH)D 7K°F-5 DR AR B AAE5, HIXFpOSEAE AN R
Hd N B A — D,
2.2 R SURF R RIFI B - R MK R

ATREPEBA BT AR 7R T 1ML 25(0H)D 7K 75 DR R 22 [H]
7 — VK R TEHE LI 4,767 4405 R T 253 R4 A 1T
BAF A, 25(0H)D 7K P47+ 10ng/mL, DR 5 KK FF K 15%
(OR=0.85,95%CI0.74 - 0.98) U7, —Ii%lxt (& H IR E K
BAZIRE TR, 25(0H)D 7K~ R IUBHEE T R 1EH H & E R4
79 19.6 £109ng/mL, = H&EARHAKEE 14.9 £ 8.8ng/mL
(p=0.028) , KREHEHEHARHAF —PFZE 12.94+58ng/mL
(p=0.014) 081, 4k, % F G FRIES:, AEREFER
J§ 25(0H)D 4 T} & DR A & B K 6%
(OR=0.94,95%CI0.90 - 0.99) [14],
2.3 TRZH R =5

% W 70T 22 AR R A R O B . RIS N R
55 SRR I IR 7 T, T A A B I A E TR R DR e R
HbAlc. MLAFSH . X DR HERE 50 DL K g N5 48
wLUHBRYEAE R D PRSI 5, 25(0H)D /K15 DR
RIFAIRZFN, FE G DIRedRbs 5, E W FEfEH] B N RE
o RAR B E A/WUEFEE S, 25(0H)D 55 DR 7R Se iz
FE (p<0.05) 17, IXRRF 57 HE— B AN5R T =3 £ fn) SRR KR

Ing/mL ,



RANEZETF AR E 5 5 455 06 1 2026 4F

N

R LT R

{BARTT AT VR 2 AR BRI bl R i 97 77 20 B, 24
AR SIS, X FREE 2 AW KR AR — P A
DA .
3 AR R R

YEAEFR D I8 I DB I D A LRI S RE SR, A
AR AL R L ZL . 2R kAR 7= ROS L2 bR 73 40 9 JIEE o B ik
TS SAE ORI, 4E4E R D R ROS/TXNIP/NLRP3
FAEAER, D FREA SIS SRR TSR, R AR
P20, FEF R, FEHEAT %S miRNA-93 (R, X&—
FE 22 P B0 15 v R #5 S BEAE F s RNA, Ti4E4E R D
AT A I T U SR T 4 o A I PR AR L P B A i ) A A
OBRERFET o T340, L — P 57 B 457475 72 DR AR OV RFALE
500 RINA YA 2 D3 A HE R (9 N A P R 440 S it 9
IEFE SRR 4828 H ZO-1 1 VE-cadherin 7K°F T[4, F{% T
re LB (R B S v, AR R T ATIAE SR B B
HH AL OE FH o X — R I SCRR4E A 22 D 7R LRGP I — A o
TR EVEF -
4 IERREISCERBR 5L

L USRI 7 3% 25 (OH) D 7KF5 DR ™ H 2 )
Ko SR, WA LA SR ML F ML 25(0H)D /KF5 DR
RAEZ BB, HAT, — i B AR T4AER D
KA SR 5E 4 DR A DR QBT REAFAE 2 5. EX
B RIRNBEIIRE GO I, TERE PR 38 b, 3456 DR 5%
M I A R D AR 1,25- 33454 2 D3 KT %
T AR5 DR 50, —INZEIRRRIE T HAE R Dz
5 A0 711 DR FIEBHAE 75 1) DR I9REE, 3R T X 0%
AR BEAMAT 4 A 2 D AR PO 78 S 90 B E 2 R PR fE
113 25(OH)D 7KV 5 DR WIAELE S H ™ AR B i AR OG0,
PRI A B FU 4R Y, 442 3R D A2 S SO0 R 1f 85 25 T S
FTRE, SR TS LI PR R LA i A B R TR PR G B
X AR T 4E4E 3 D B2 A8 DR R A KR e RR A7 A 1)
SN, O] BERR AL T RS R R T ) MR AR ST TR
5 FIIERITHR IR
5.1 4K D Fh AT IBENLY R BAESE

Il RAFF 72 O W 22 21 4 A4 K D b 786097 % DR B A 4 sk
(81, SRIfT, —TUEEXS 52 %) DR 3%, VFA B - RAEM4ELE R D
#hFoxt DR TESSIA T T F R, B = H i1
MBI TT R YA 3 D TR, BTE NI SRS AR AE 2 I AR
FZDEZ, HYEER D AN IR M ER 20 810 5 R FE A

53

R, XN IR T BEA B LAY IE DR BE 4L R D
BRZIRAS, TR Z A E ST REm. BFREEng, K
R AL SRR A 3 D i A = BT B 51 K e 5 URE 2 B
AR AT R, X I R F 24 22 Ve B
5.2 BA AR i b 7 352

B PRIp S MBS IG SR AR R, X RS E R
TS B AR 4R 2 D 2 A AT _E U R B R BRI RS DL
TR A N B B B SR S AT 23 o T A IR ] (4 11 £ 5
o, YE4E D ST 55 E DR RS AR . X B T HE
RS A B . BE AR RIS TR O A H—,
YErE K D BT E S (DR RIS A7) RIEGFS
PERUY: L, e kAU S aE RAN 744 3% D, WRE
A BAE G I ROE 23
6 FERHE

MV T R 44 2 D /KF5 DR R AR JRAFLEREK,
1B TR BE AR 70 B BEHET R OC Ry, 25 R EIP & .
W, — WA RN AR A T 25 (OHD D XfERHH A FFHR
PR CELEE DR) VB E SRR, Hoa b 4 SRR Re SR (i
PISCRAIEYERY . 5 — U 75 5 12 18 I & 18 R BE LA 58 L7
25(0OH)D 5 DR WA RK R, (HMEMEF L ROA—EMHS:
SR RAEW R AR, — 5 TH, 4R ISRV 5T sV AL R
HeBR R H R, FNREDEESR - #HNEERNFER. 5
— U7, XS F AR AT I T RO R, HLS R AR R RN
AN, FTREANE F T Al B
7 RE

If3% 25 (OH) D BT DR &5 HL i ()97 2 A 2 R,
[F) B A K AT 9 U B 4E 4 35 D /KF5 DR AU 2 7™ 8
FEIEAEAE IR DA T T8 /L 4R K D 46 T % DR AR 1) £ 374
Fo KT, RS RAFAERR 0, EFNR 22 53 70 5 M G H 5t
FE. METH RO AT TR k. 1R A
ZHOEE NS, 62 4543 D 52 HH: 3 DR A
FAESE . 24N RIEITIIGIR AL . BAIPIESE4EAE & D Aha ]
Reci ¥ DR, (HERERIE . TR 2RI, 3 MRS
SV RE 5 ML : 25(OH)D 6t Z (17 DR TR REF R IR 2 57
TEHLHIAR B . 4 JEI T 5385 0 DR (2 Rl 42K D
£ DR AN [AIB B ARG BN TR 7E 53 )2 Tt — 0 b, JCHAE
ot 486 R AR A I AR AR . Bz, H AT KRR g
THYEEFR D /K5 DR RAEIFUESCER, (ATt — 2 it 7t
HA 1 G EL AR A EE L B G PR R FH 7 5 DAL PT I 20k 9 DR T
IR Ta 7 T e br K 250 o



N

Somumon P TANE 2L G e 55 5 3555 06 1] 2026 4F
EE PN

[11Chi L, Li S, Shang X, Jiang B. Correlation between serum 25-hydroxyvitamin D level and diabetic retinopathy: A protocol for
systematic review and meta-analysis. Medicine (Baltimore). 2021;100(4):¢23697. doi:10.1097/MD.0000000000023697

[2] He J, Kang J, Mei Z, Zhou X, Yin Y, Zhu C. Gender-specific association between circulating 25-hydroxyvitamin D levels and diabetic
retinopathy in patients with type 2 diabetes mellitus. Front Endocrinol (Lausanne). 2025;16:1541961.

[3] Sarkar S, Osman N, Thrimawithana T, Wann SB, Kalita J, Manna P. Alleviation of Diabetic Retinopathy by Glucose-Triggered Delivery
of Vitamin D via Dextran-Gated Functionalized Mesoporous Silica Nanoparticles. ACS Appl Bio Mater. 2024;7(2):1260-1270.

[4] Yu G, Cao C, Shu X, Yao L. Association Between Vitamin D Deficiency and the Risk of Diabetic Retinopathy in Patients With Type 2
Diabetes: A Meta-Analysis. Mol Genet Genomic Med. 2026;14(1):¢70157.

[5] Petrea CE, Ghenciu LA, Iacob R, Stoicescu ER, Sandesc D. Vitamin D Deficiency as a Risk Factor for Diabetic Retinopathy: A
Systematic Review and Meta-Analysis. Biomedicines. 2024;13(1).

[6] Tohari AM, Almarhoun M, Alhasani RH, et al. Protection by vitamin D against high-glucose-induced damage in retinal pigment
epithelial cells. Exp Cell Res. 2020;392(1):112023.

[7] Tecilazich F, Formenti AM, Giustina A. Role of vitamin D in diabetic retinopathy: Pathophysiological and clinical aspects. Rev Endocr
Metab Disord. 2021;22(4):715-7217.

[8] Gverovic Antunica A, Znaor L, Ivankovic M, Puzovic V, Markovic I, Kastelan S. Vitamin D and Diabetic Retinopathy. Int J Mol Sci.
2023;24(15).

[91Yi X, SunJ, Li L, et al. 1,25-Dihydroxyvitamin D3 Deficiency is Involved in the Pathogenesis of Diabetic Retinopathy in the Uygur
Population of China. [UBMB Life. 2016;68(6):445-451.

[10] Millen AE, Sahli MW, Nie J, et al. Adequate vitamin D status is associated with the reduced odds of prevalent diabetic retinopathy in

African Americans and Caucasians. Cardiovasc Diabetol. 2016;15(1):128.

[11] Trott M, Driscoll R, Iraldo E, Pardhan S. Associations between vitamin D status and sight threatening and non-sight threatening
diabetic retinopathy: a systematic review and meta-analysis. J Diabetes Metab Disord. 2022;21(1):1177-1184.

[12] Ashinne B, Rajalakshmi R, Anjana RM, et al. Association of serum vitamin D levels and diabetic retinopathy in Asian Indians with

type 2 diabetes. Diabetes Res Clin Pract. 2018;139:308-313.

[13] Luo BA, Gao F, Qin LL. The Association between Vitamin D Deficiency and Diabetic Retinopathy in Type 2 Diabetes: A
Meta-Analysis of Observational Studies. Nutrients. 2017;9(3).

[14] Lopes M, Laiginhas R, Madeira C, et al. Association between Serum Vitamin D and Diabetic Retinopathy in Portuguese Patients with
Type 1 Diabetes. Acta Med Port. 2020;33(7-8):459-465.

[15] Zhuang Y, Zhuang Z, Cai Q, Hu X, Huang H. Serum vitamin D is substantially reduced and predicts flares in diabetic retinopathy
patients. J Diabetes Investig. 2024;15(7):867-873.

[16] Ahmed LHM, Butler AE, Dargham SR, et al. Relationship between total vitamin D metabolites and complications in patients with type
2 diabetes. Biomed Rep. 2021;14(1):18.

[17] Wan H, Wang Y, Zhang K, et al. ASSOCIATIONS BETWEEN VITAMIN D AND MICROVASCULAR COMPLICATIONS IN
MIDDLE-AGED AND ELDERLY DIABETIC PATIENTS. Endocr Pract. 2019;25(8):809-816.

[18] Sari F, Ozdem S, Sari R. SERUM 25-HYDROXY VITAMIN D(3) LEVELS IN TYPE 2 DIABETIC PATIENTS WITH NORMO-,
MICRO-, AND MACROALBUMINURIA. Acta Endocrinol (Buchar). 2016;12(3):303-308.

[19] Lu L, Lu Q, Chen W, Li J, Li C, Zheng Z. Vitamin D(3) Protects against Diabetic Retinopathy by Inhibiting High-Glucose-Induced
Activation of the ROS/TXNIP/NLRP3 Inflammasome Pathway. J Diabetes Res. 2018;2018:8193523.

[20] Fernandez-Robredo P, Gonzalez-Zamora J, Recalde S, et al. Vitamin D Protects against Oxidative Stress and Inflammation in Human

Retinal Cells. Antioxidants (Basel). 2020;9(9).

54



N

AN T AR 5B 5 A5 5E 06 1 2026 4 s
[21] Seyyar SA, Tiskaoglu NS, Onder Tokuc E, Mercanli M, Dogan L. Is serum vitamin D associated with diabetic retinopathy and its
severity or with diabetes itself ? Clin Exp Optom. 2023;106(6):612-618.

[22] Richter J, Zavorkova M, Vetvicka V, Liehneova I, Kral V, Rajnohova Dobiasova L. Effects of beta-glucan and Vitamin D
Supplementation on Inflammatory Parameters in Patients with Diabetic Retinopathy. J Diet Suppl. 2019;16(4):369-378.

[23] Grammatiki M, Rapti E, Karras S, Ajjan RA, Kotsa K. Vitamin D and diabetes mellitus: Causal or casual association? Rev Endocr

Metab Disord. 2017;18(2):227-241.

[24] Luo X, Ruan Z, Liu L. Causal effect of the 25-Hydroxyvitamin D concentration on ocular diseases: A Mendelian randomization study.
Sci Rep. 2025;15(1):8701.

[25] Huang C, Luo D, Sun M, et al. No causal association between serum vitamin D levels and diabetes retinopathy: A Mendelian

randomization analysis. Nutr Metab Cardiovasc Dis. 2024;34(5):1295-1304.

55





