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Abstract

Purpose: To investigate the protective effects of metformin on retinal microvascular structures in
patients with non-proliferative diabetic retinopathy (NPDR) and quantitatively evaluate its efficacy
using optical coherence tomography angiography (OCTA). Methods: This retrospective cohort study
enrolled 32 patients (62 eyes) diagnosed with NPDR between November 2024 and February 2025.
Participants were divided into a metformin-treated group (n = 30) and a control group (n = 32)
based on treatment status. OCTA was utilized to measure the following parameters withina 3 x 3
mm?2 macular scan: superficial/deep retinal whole-image vessel density (VD), foveal VD, foveal avas-
cular zone (FAZ) area, perimeter (PERIM), and acircularity index (AlI). Statistical analyses were per-
formed using SPSS 27.0. Results: There were no statistically significant differences in baseline char-
acteristics (gender, age, disease duration) between the two groups (all P > 0.05). The treatment
group exhibited significantly higher values in the following parameters compared to the control
group: superficial retinal vessel density (VD) [(45.20 * 7.61)% vs. (43.16 * 6.69)%, t = -3.974, P <
0.05], deep retinal VD [(48.31 + 6.51)% vs. (46.50 * 6.81)%, t = -2.671, P < 0.05], and deep foveal
VD [(28.05 * 3.42)% vs. (26.95 * 3.39)%, t = -2.241, P < 0.05]. However, no significant difference
was observed in superficial foveal VD between the treatment group [(15.15 * 3.77)%] and the con-
trol group [(15.03 £ 3.55)%, t = 1.579, P > 0.05]. For the treatment group, the foveal avascular zone
(FAZ) area, perimeter (PERIM), and acircularity index (AI) were significantly lower than those of
the control group: FAZ area [0.313 (0.179~0.411) mm? vs. 0.344 (0.253~0.487) mm?, Z = -4.000, P
< 0.05], PERIM [2.101 (1.599~2.432) mm vs. 2.179 (1.697~2.498) mm, Z = -2.920, P < 0.05], and Al
[1.17 (1.08~1.23) vs. 1.20 (1.15~1.27),Z = -4.400, P < 0.05]. Conclusion: OCTA observations showed
that metformin delayed the progression of diabetic retinopathy (DR) by improving macular micro-
vascular perfusion density and maintaining FAZ homeostasis.
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NEXR 5

SR PRI AL IR S A AW A O M B B A PR SRR AR 1R 2 TR BRARAE S FE G, RS S RHA YT SRR
PRAET ERARAE . SR, H AT R R R RUNCR: 75 e 0 30 dok et MR X RO AR A 4R A IR B ) £
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OCTA (Optical Coherence Tomography Angiography)/EA—Fi o6 H4 HE R B IR R I g AR,
AR AN IS s E T AR 4R M %, E DR IR ST, 2 JAVEAS AR 7 WD Hh R 3 H
FRR (4], BT OCTA AT SLIUALMAE - Fik 2 BRAUNLE R0 53 2 € B W (FRZ R 2 B4 iU M L
[k &% BB B A0 ML ), R MR AT 5 5 PO Y1 JE 1L 7 [X (Foveal avascular zone, FAZ) T 25 2% M 35 B LI 25 FE
(Vessel density, VD), 7E DR I AR HTED Pl R00 ROUE 585, AT TS 2 s 8 ARk P5 5] [6].
AW AL OCTA Bk, & &/ — XU NPDR &34 S BEMAEIA M5, B IR ARG DR
UL R RIRER
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2.1 —fRFEh

B ERE AL, AN 2024 47 11 F & 2025 4F 2 FAETT B KM@ R B IR R 2 9- 1572 9 NPDR 1) &
F 32 N(62 Hi). A2 i — U A 9 v6 97 2H.(30 BR) S HEZH (32 HR) .«

IINFRE: (1) AR &Iz BRI, WS 3 1M H: (2) KA A2 HI NPDR; (3) R
JEAEIER VO (4) ATIRISIEMT IR KIS (5) = HOBUITAE 2 Pk 4 B N R g il FH SR 8 — FEOXUNT g v
o FIEKEE RAREEEE, HRENIR 0259, AFENELER 109, &H 2~3 K.

HEBRbr#E: (1) PDR; (2) & IR B REAMRALE : (3) AR ART 520l AR ) 4 B i &, ane) 7K i R
P SR o JI 05 5500 i LB B0 s (4) F8A DR LASMI HA R JR i 5, AR X L IOk BELZE o 400 DX s e
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FiiH OCTA Ffrsh) i i) —#RAE AR MR e B . BT AAXES A [H— OCTA %4 (YG-100K PRO (To-
wardPi Medical Technology Ltd., China). &1 )y 840 nm, FHHH#E )y 100,000 K/FP, HA&E
40°, JBERMIA 100 Hz. LB Angio Cube M, LAOMIy i) 24 x 20 mm JEH 4. 19
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2.3. itER*E

X T AT T RF AR B R 9 [ R AT S0 5%, AR BRI N3t Excel EH%. M SPSS27.0
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3. &R
3.1 FAZREBEAAEREE

FRAE AN NFOHERR bRt A TSN 32 5 23 (3% 63 HAR), P —HIXUIA 15 1(30 HHR), JE—H
BT 17 6133 HRHR)FLLL BERIE IR LA 1. WA Z M5 TR gt it 2 2 5 (P > 0.05). W& 2.

Table 1. Basic data of the subjects in both groups
1. PAEFREEARER

8 g
RA TR N = {E j?;(é)ﬂeyes) N = EL %iiﬂeyes) P Value
A, n(%) 0.4916
5 7 (46.67) 10 (58.82)
s 8 (53.33) 7 (41.18)
FH (years) 61.21+8.71 59.94 + 7.08 0.8036
B PR3 793 72 (years) 9.63+4.33 8.33+3.87 0.4289

3.2. FAZiR#E VD, Foveal VD LB FAZ %S HH R

TRITHIRE LM VD (45.20 + 7.61)%. RZFLMIEE VD (48.31 + 6.51)%. %)= foveal VD (28.05 +
3.42)%:35) I 5 v T X IR 4 (1) (43.16 + 6.69)%. (46.50 + 6.81)%F1(26.95 + 3.39)%, 2 FIJH it X (t=
—-3.974, -2.671. —2.241, ¥JP<0.05). 1MiaI7E&EH 0N VD (15.15 + 3.77) %5 %f i 2H(15.03 + 3.55)%
ZER LG R X (t = 1.579, P > 0.05). jiJ74l FAZ Mif. PERIM LLJ Al 43514 0.313 (0.179, 0.411)
mm?, 2.101 (1.599, 2.432) mm £l 1.17 (1.08, 1.23), HAE/NTXIREZH ) 0.344 (0.253, 0.487) mm?2 Fll 2.179
(1.697, 2.498) mm A1 1.20 (1.15, 1.27), ZRIIH G5 X (Z =—-4.000. —2.920 F1-4.400, ¥ P <0.05).

Table 2. Comparison of VD, foveal VD, and FAZ-related parameters between the two groups of subjects
2. FEZIRE VD, foveal VD UK FAZ XS

T A pupiGEe!

N =15 (30 eyes) N =17 (33 eyes) P Value

HEMME VD (%) 45.20 + 7.61 43.16 + 6.69 P <0.05
HZALME VD (%) 48.31+6.51 46.50 + 6.81 P<0.05
)2 foveal VD (%) 15.15 +3.77 15.03 +3.55 P>0.05
)z foveal VD (%) 28.05 + 3.42 26.95 + 3.39 P <0.05
FAZ TR (mm?) 0.313 (0.179, 0.411) 0.344 (0.253, 0.487) P <0.05
PERIM (mm) 2.101 (1.599, 2.432) 2.179 (1.697, 2.498) P <0.05

Al 1.17 (1.08, 1.23) 1.20 (1.15, 1.27) P <0.05

4. g

BEARFFCR I, BEOR EE K IRE Tl erss, ol RIS RGHR0, RINEMWER. K
B384 JEE LA K% I — 0 X L R R 595 B 5 AR [ 7] [8] R, R o MU A RO 0 R, B0 356 2
I/ M5 B AR . HEBEIX M3 50 1) 2 35 0L 55K FAZ TRk, SR UK DR (R EHRE[0] [10]. F4E %
T 5 B 5 26 0, 7 2 BB BRI (T2DM) 3 oh, K ST 137 FH — B UL ] 538 B 4K DR 1 BB 26,
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NEXR 5

FHAELZ NPDR [7] PDR (135053t e [11] [12]. AW 5TiEIE OCTA B IR ARG EAL 17 — FXUIK &4 NPDR )
2 FUWE R B BB G IR AR N . A SRB R, L H XN T 4L 1 2 RN 2 B4 I M i 4
R E R, FAZ HAL. PERIM EE46/0, Al BIIE 0% . 14 B A — FSOUIT AR A8 199 RS Ak i 5 (4 1
AL T B3R AR, IR R 1 HAE DR BT i A A .

ZHXUIAE Sy 2 BURE R B — 2R T 250, I 2 80 SOPLHI 0 DR S BEIEERRESG,  FLAE AL
HPE LA PR KRS R EL Bl Hh, ZHOIGED G AMPK (55188, A 8630
I I IS 0 S N, A3 I P R 4RI Th BE[13]. Uk4h, 7E RPE SRk S i A ol ok 175 S S8 B A
HAEREATXNIP)RIE B, 2 MR B 2= b R (RPE)4H M Ak LU S A 7% 14 22U (ROS) R AR
PR RPE A i S A045 0 Bi i AE R [14] . 72 MR AR TR 7T, 7E MBS0 DR K BUBLAL k| o
NF-xB/Toll F£52 44k 4 (TLRA)N T A REFAR 3, el i S0 SR T —E(MDA) I 4 J2 AR
KPRF-(VEGF) [ 38 gk i 4k DR BIRAE R E[15]. 45 AT W, — FVSUNEE 22 RhbL i) b % 44 i e 4 1k
YER, TSGR I R A D e SR Al AR T %of b 42 i 4 FH

OCTA @I BhA EAL ML BN J7 5RES , SIS X 58 2 fik 285 65 = 4 1057 TP 445 1) v o e e = T LAk
N DR B H. MR IZ WA AR = KR [16]. MEL TR SR A= M 1E R (FFA), OCTA JLRHS
LA, FUREIE 2R AR, & A A A, PR LR W B o b B, gD 2 AW R 22 [17] . Ak, OCTA
VE NI T W 2 (OCT) B AR I BT AR ASAS , 9R%N T OCT HITHAEJS PR, Ji5 2 B AE RGP i
SRy (PR A Y2 IR SE), HITCEEEVG MAIRAS[18]. KK, ZHIEMZEA, W OCT +0CTA
+FFA, W@ “450 - Thag - ii” — /RIS DR IR, NREHES T IR (LA TR

AHIEFE I R SCAE T 9 DR [ PR AL T & WA . OCTA RS 281 Fry STV I PR ol 100 A S5 (art afi
WG FAZ 3 R) I — XU 3 sh s Il 4e4s, 697 & DT . T L& Ui &4
ity 2 ZOpE PR R, P S i B — HORUICRT 2E2% DR b J& 23458 31, OG5 s , 18D Ja 8830t 8ibt VEGF
WITHR, WHBBRREEET RS . o, RS VEGF 259 i FRE I TRt — B itk
BITRCR, X TR E S — L IE R A ZN I 7K o

SR, B FAFAE— € SR PRI . Bt /NFEAS S RT ARSI 25 10 1) P o VR 2% DRI 3% 2 IfiL B 3 20
MR SR e A, H OCTA Joik VPN Mt 8 5 K i @& M . AR5 @ 2 OB RS
(RCT)SEKHATT &L, FE25 -6 54 Ml o g b — FOSUIOT & 248 e 23 ) iR P L] o R RN T4 e A Bh i
OCTA ¥ &, SEIRUILE SH B Z IR, WA HEBRE HE R 1) S

M2, AR T RIS DR S BEMIEIABE 1, RN SR AL TR . AR TR
SiE ZHFEHEARSIRREEVESE, PR TT R IR T A ME .
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