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Abstract

Objective: To assess changes in retinal thickness and perfusion in patients with no diabetic reti-
nopathy (NDR) wearing continuous glucose monitors using Optical Coherence Tomography (OCT)
and Optical Coherence Tomography Angiography (OCTA). Furthermore, to compare the predictive
value of the Glycemic Risk Index (GRI) with other glycemic variability parameters for retinal alter-
ations in NDR patients, thereby providing a clinical basis for individualized glycemic control. Meth-
ods: This cross-sectional analytical study included 53 patients with NDR who wore continuous glu-
cose monitors and were treated at the Affiliated Hospital of Qingdao University between April 2025
and December 2025. Continuous glucose monitoring (CGM) data were collected for a minimum of
seven consecutive days, and glycemic variability parameters were calculated from the exported
data. Based on their GRI, patients were divided into two groups: Group 1 (GRI = 20%) and Group 2
(GRI < 20%). All enrolled participants underwent OCTA and OCT examinations. OCTA was used to
measure the perfusion density (PD) of the superficial capillary plexus (SCP) and deep capillary
plexus (DCP), while OCT was used to quantify retinal thickness (RT). Differences between the two
groups were compared using independent samples t-tests. Results: Statistically significant differ-
ences were observed between the two groups in terms of age, diabetes duration, HbA1c, and fasting
blood glucose (FBG) (p < 0.05). Regarding glycemic variability metrics, all parameters except for
time below range (TBR) showed statistically significant differences between the groups (p < 0.05).
No statistically significant differences were found in perfusion density for any of the measured ret-
inal regions in either the SCP or DCP between the two groups (p > 0.05). Conclusion: In NDR patients,
increased retinal thickness in specific macular areas observed in the high GRI group suggests that
retinal thickening may represent a compensatory response to glycemic fluctuations rather than a
marker of overt pathology. As a composite index that provides a weighted assessment of both hy-
perglycemia and hypoglycemia risk, the GRI offers predictive value comparable to that of time in
range (TIR), time above range (TAR), and time in tight range (TITR).
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Hil PR A2 LA A A 28 AL R 1A 4 B0 » B PR 9 A0 I 9 22 (DIR ) A e 5 5 L (UL 6 I A
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WO E . A M I (COMYBIAR I KR EATAE ) GRI Z88 BLEAR[3], TRAN 1A% GOl I 21 28 1A s ik
SR IURE A A o Foh fBE XUBG 48 20 (GRI) o] [R] B 54 I 5 25 -5 b oty TR S, e B — 4 b B 4 THI T
il MURE 3 R (4]0 S22 T W7 25 (OCT) A LA AR (OCTA) AT Tl A I AL S L ok 285 S 45 44 5
MR, AU IG R ETH DR 508, R APPSR HE ] FE AL 5 F B . AT LA GRI R4 44Kk R,
Bk& CGM 5 OCT/OCTA #HiAK, #£iT GRI 5 NDR G340 W FE 485 44 K I i 88 (A 56, BAAf GRI T
fhA AR, IR AR AT DR 50 25 5 I A A0 5 BB LR AR 4R [ 5]-[8] -

2. ARFREFZ*
2.1. HARMNHR

AW FONRE WA 7T, JEE 2025 4F 4 F % 2025 4 12 HET 8RS M JE B B i jE B X ) 20 i Rt i2
HAT CGM W5l 5 T PR ML g A8 B 53 . AAARHE: 1. BT 20 SAC B E s Rt i2 10 &
DM ZWibrit: 2. ¢ > 18 A WhEER, WIEIEHES: 3. BT CGM &4t 7 KL E[9]: 4. IR
B AT AR W R S IRRM 2R B O RE PR AL B A 5. IR e & SE UM DGR A s HERRARUE: 1
IR A 3R B FRAT AT BB RO L B A2, BLFE T iR, i, BEMEB L, RRRBE, Bk i
B RPN 2. tEAHEEIE R, A IRRER A AL B, A A o B KB 26 . ARReAE DG iR
PEAR IS 3. REARMRABIIME st AR S 4. JEGIRSVEIR TR REUE M B & OCTA BRI E 5> <
710 % 5. AIFHPIXMA RGUBITIERR, WIBT/RZDGEAE . &M 6. A B IRE) a Ak s
(R AR M AR R, 7. IRMMESE, kel a g .

2.2. AR GE

2.2.1. —RRBRIE

MARE X His R4 R 70 RIEEA(E B, A RBENEAGROES 5E5EE, i,
FEIRIFRRE . RN RS OH S5, RE, U745 (Systolic blood pressure, SBP), #77K K (Diastolic blood
pressure, DBP) LA S ARHE IR 4011515 21 1 & 14 i #3520 (Body mass index, BMI).

2.2.2. SEREFIRIAINER

I3 A 02 Fa AR I 1 3% AL 355 25 i IR (Fasting blood glucose, FPG), F#{L 41 2K FH (Glycosylated hemo-
globin HbAlc), LK M ARARIEHAH < br H i = B8 (Triglyceride, TG). st JIH [# F%(Total cholesterol, TC). 1%
J5 i 5 1 JH (5 B (Low density lipoprotein-cholesterol, LDL-C)+ /% 5 i & A iH [ B (High density lipoprotein-
cholesterol, HDL-C).

2.2.3. CGM ZERa&E

K CGM HATHESE 10~14 RIIZNAS MAE I, T H I CGM 4 3RHL 10~14 R M pEEdE, AT
3700 A MLHEAE . FREUHT 78 N TE AR AR LR IS 18] (V Dow) AR IAUKE IS 18] (Low) H 5 I B A 1] (VHigh) i I
B (8] (High)« TIR. TITR. TAR. TBR. GRI. “F-¥Ifi##(Mean glucose, MG)~ IiL¥##H51EZ (Standard deviation
of blood glucose, SDBG)- Il ##74% 5 Z % (Coefficient of variation, CV)~ ¢ K IMLKE I 2 & (Largest amplitude
of glycemic excursion, LAGE). ~F-3 Il 2 £ (MAGE) ., IfiL 4 VU 4367 18] B (IQR) & L BH 25045 « 4 A 1
GRI = (3.0 x VLow) + (2.4 x Low) + (1.6 x VHigh) + (0.8 x High)it% GRI, 1% GRI ¥ &% 7>~ Group
1 ZH(GRI > 20%) )2 Group 2 41(GRI < 20%). WMIIAIRE. 188 69T 7T RAEE .

2.2.4. RPFERE
A B T AT IR RS A, U FTA ANk R A IR R G A, AR R AR IEM /I (Best
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corrected visual acuity, BCVA), AEH:fltHR & v1-I 5 HE 4 JE (Intraocular pressure, [OP), ZLBAT BB R 7,
N A B35 B0 52 (TOL-master) il % HR 4K J&F (Axial length, AL), HEiEHR AR, AT 6234 (Optical
coherence tomography, OCT)RE £t 624 4H T 1 )2 $3 4 1fiL 77t i 4%, (Optical coherence tomography angiography,
OCTA) VL L R ER R A HR IR AH . N OCT A OCTA W5 LT HdiE 48 99 Ji54 )2 i (Retinal thickness, RT)-
Jbk &% ik JE & (Choroidal thickness, ChT). PN /241 K i (Inner retina, TR) 9 A FL AR 25 Y MR JZ , 48 Z 01 KA (Outer
retina, OR) AN MR Z 22 Bruch 5. 73 75l SR AR R G B 2 iH B 2 B40 118 X (Superficial capillary
plexus, SCP). J#/=E 4015 M (Deep capillary plexus, DCP), H:A41 SCP N FIEE N MIRZE T 9 um X35,
DCP NHMIRET 6 pm EAPMRZET 9 pm X PLEBEH G M yHety, A ETDRS 3, 7351 EL 1 mm,
3mm. 6 mm NEAILEFCE, BN 1 mm BB X B0 MIX (fovea). FLAAAN 3 mm £ 1 mm
A []Ca 5 2 [R] R AT [X 4855 H 40 U1 [X (parafovea) . ELAEA 6 mm & 3 mm ) [A] O [ 2 [6] B AT X 380 o
] 5% [X (perifovea), FARYE-5 B o0 MR A7 B OC R0 PR X 3db AT DU S5 53, 43l 44 o9 55 Fh 9 E 7
X 45(ST)~ 5% O U] S X A(NT) < 55 H 0o [HT R 5 DX 3R (T« 55 A 153 [X 35T« A0 [H415% F 5 [X 35S O)
HLO M5 X IR(NO) H0 M55 T 77 K3 (10) H 0[] 55 3 X 3k(TO), @i 1 fron. BLEAS A3 i [F]
— A5 FE BRI TE R

<
o

20cm

Figure 1. Early treatment diabetic retinopathy study (ETDRS)
1. BREEXEFH 5 X(ETDRS)

2.3. G EAE

K SPSS 31.0 Giil S AT G 207 o THECZORE RIS 43 ) o, TR R 2 1) Ll e £
FAR 7K 565 Fisher KEHIMER . HHERE S EAMRLE, SESMNHEREEH x+s £5, 3F
TERS MG (KB BRI B 3 (VUM TR BR ) [M, (Q1, Q3)|367, B IE A0 FLIk J2 77 2 5 1k e 411 4 L
R FISIAREA ¢ W, AN 27 22 TR A 1E 25 20 A S0 LA AR 75 43 A7 0 5500 48 1) L e R FH AR 2 50k A
. pll <0.05 BIANHEAGHE L.

3. &R

3.1. FFSSRTSR I REFE

AHEFETCEER) 53 6 B E YR GRI 20 Group 1 4H(GRI > 20%) 26 11| & Group 2 ZH(GRI < 20%) 27
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B, FH Group 1 ZH P49 52.77 £ 11.96 %, “FIIFERWIHIFE 9.00 (0.88, 12.00)4F:. Group 2 ZHF#
RSN 52,77 + 11.96 %, “FIHE FRIBRAE 1.00 (1.00, 2.00)4F . 45 5 SR PRI ZEAERS B PR I o R 7] (1)
ZErAait e X(p =0.014, p=0.021), 7 BMI. Uik, &F5kE. SAEFFIER . R, RN K. %
A 7 T 22 S R g vh 2 X (p > 0.05) (W& 1)

P2 SEI0 = AR AL FR AR ELHE TG. TC. HDL. LDL ZR TS5 = L(p > 0.05), A il =27 Mfabs
KIUE FBG. HbAlc, B GRI 4 FBG. HbAlc &K GRI Z(p =0.013, p = 0.012) (.5 2).

Table 1. Basic data of the subjects in both groups
1. MEBE BRI ATEE

Group 1 Group 2 tZ/y? p
FERe(y) 5277 +£11.96 4438 +11.82 2.543! 0.014
B (%) 15 (57.7) 15 (55.6) 0.025° 0.875
BMI (kg/m?) 24.46 +3.61 26.53 +3.93 -1.988! 0.052
W4 s (mmHg) 127.04 + 14.39 126.89 + 12.09 0.041! 0.967
#F3k I (mmHg) 77.88 £10.16 81.30+11.76 -1.129! 0.264
BEIRIBIRTE(y) 9.00 (0.88, 12.00) 1.00 (1.00, 2.00) -2.3072 0.021*
BCVA (logMAR) 0.00 (0.00, 0.10) 0.00 (0.00, 0.10) —0.23? 0.818
AR P4 5 (mmHg) 15.00 (14.00, 17.00) 17.00 (14.00, 19.00) -1.3722 0.17
AR 4 (mm) 2424 +1.36 24.67 + 1.54 -1.069! 0.29
H: BCVA, HAEFFIEM I UNBSIREAR t K5, 2 NAESHRAI (Mann-Whitney U test)f 4%, 3 N RTRLR, “Hp<

0.05,

Table 2. Laboratory data of the subjects in both groups
2. PR E Z B)EI = BRIAYRTLE

Group 1 Group 2 t/’Z P
TG (mmol/L) 1.24 (0.68, 1.49) 1.31 (0.99, 1.67) -1.3352 0.182
TC (mmol/L) 4.30 (3.71, 5.10) 4.39 (3.70, 5.13) -0.08? 0.936
HDL (mmol/L) 1.20 (1.05, 1.58) 1.21 (1.10, 1.40) -0.2052 0.838
LDL (mmol/L) 2.61(2.13,3.11) 2.61(2.02,3.38) -0.2852 0.776
FBG (mmol/L) 7.96 +£2.81 6.38 +1.34 2.604! 0.013"
HbAlc (%) 7.90 (6.98, 8.75) 6.40 (6.00, 8.10) -2.5022 0.012°

VE: UAMSIFEAR t #5536, 2 AAESHRAI (Mann-Whitney U test)f536, “A4 p <0.05.

3.2. FEBE MPER AN KB R

ik GRI A7EFHMAEMG). MAELRAEZE(SDBG). MLFEAS S REL(CV). HLFE DY 7 (B BE(QR) i %
B = TG A IRI(TAR) S P2 MB35 Sh iR (MAGE) 5K LR iR B2 (LAGE) I 51 GRI 41, %
FEAGEE L (p<0.05), 7R GRI 47 % %% H brya i [R(TIR) ™4 H 4530 B 4 I 8] (TITR))
mT e, ZERA SR X (p <0.05). PHALTE & HEK T8 Bl Y IR (TBR) 2 = B 4ot L (p >
0.05) (W% 3).
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Table 3. Glucose variability-related indicators of the subjects in both groups

= 3. PR E MPEK AN X IEFRAI LR

Group 1 Group 2 tvZ p
MG (mmol/L) 10.04 + 1.40 6.54+0.85 10.922! <0.001
SDBG 2.75+0.59 1.37+0.32 10.533! <0.001
Ccv 0.27 £ 0.05 0.21 £0.04 5.334! <0.001
IQR 3.48 £ 0.95 1.53+0.41 9.62! <0.001
TIR 0.53 (0.34, 0.68) 0.97 (0.94, 0.99) —6.2462 <0.001
TBR 0.00 (0.00, 0.00) 0.00 (0.00, 0.02) -0.0722 0.942
TAR 0.46 (0.32, 0.66) 0.02 (0.01, 0.04) —5.9432 <0.001
TITR 0.20 (0.12, 0.30) 0.84 (0.75,0.91) —6.067> <0.001
MAGE 4.08 (2.98, 4.87) 2.17 (1.8, 2.65) ~3.9242 <0.001
LAGE 8.82(8.28, 10.59) 5.26 (4.56, 6.40) -5.162 <0.001

VE: UAMSIEEAR t 1558, 2 NAESERA (Mann-Whitney U test)f&: 36, "N p <0.05.

3.3. MABEVMREREALLE

Ik GRI ZHAEH WA RS P J2 1) ro o [V (X3 B AR T 10 GRIZH, 2557 AU 4Eit 2278 L (p < 0.05). 1% GRI 41
TERL I AN 2 B ot [T X3, 5% R o [U1 45 (X3 R R 4155 105 X 45 SR P 44 T 7 GRI 41, 2 57 A 4iit
R M (p <0.05). ik GRI ZHTERLMIIEZ (1 O MK Sk 55 HR0 M 07 S, B X sk & 55 ot 4] |7
X IR FESSE T R GRI4H, ZRBEA G L(p < 0.05) (W4 4).

Table 4. OCT-related parameters of the subjects in both groups
< 4. FHEE OCT HHKIEFRAIRTLL

Group 1 Group 2 t/’Z p
AP FEE P J2 () Fovea 66.12 +12.28 60.00 +9.27 2.051" 0.045"
(ILM-IPL) TI 118.65 + 8.93 117.11 +5.64 0.749! 0.458
SI 127 (122, 138) 129 (124, 133) 0.5972 0.551
NI 128.92 + 11.48 127.33 +7.24 0.6! 0.552
I 129.46 + 11.24 129.59 +7.99 0.049! 0.961
para-Fovea 126.39 £ 10.71 125.25 +6.42 0.47! 0.641
TO 93 (88, 100) 93 (87, 97) 1.1312 0.258
SO 113 (107, 119) 111 (105, 114) 0.6332 0.527
NO 128.65 + 9.69 131.00 + 8.20 0.953! 0.345
10 105.27 + 12.91 108.74 + 10.01 1.096! 0.278
peri-fovea 110 (106, 115) 110 (105, 115) 0.0712 0.943
AR FEE & 2% () Fovea 237.12+ 14.05 224.41+11.70 3.583! <0.001"
(IPL-BM) TI 233 (228, 241) 228 (221, 233) 2.8062 0.005*
SI 235 (228, 240) 228 (218, 233) 2.716 0.007*
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NI 239.38 + 12.02 230.78 + 10.98 2.724! 0.009"

i 228.81+11.62 22137 + 11.44 2.348! 0.023

para-Fovea 23498 +11.09 226.04 +10.96 2.9541 0.005"

TO 205 (201, 216) 201 (195, 207) 1.9412 0.052

SO 206 (199, 215) 200 (192, 208) 2.0122 0.044"

NO 209.69 + 14.47 203.59 + 11.33 1.713! 0.093

10 194.23 + 14.40 188.59 +£9.53 1.687! 0.098

peri-fovea 204 (195, 211) 198 (190, 207) 1.7712 0.077

A B2 (um) Fovea 303.23 +22.45 284.44 + 17.43 3.41! 0.001"
(ILM-BM) TI 354.50 + 15.61 343.52 +13.71 2.725! 0.009"
SI 364.35+ 16.43 352.44 + 16.94 2.595! 0.012"

NI 368.54 +15.28 358.19 + 14.02 2.572! 0.013"

i 358.12 + 16.06 350.89 + 14.24 1.735! 0.089

para-Fovea 361.38 £15.13 351.26 + 14.10 2.52! 0.015"

TO 302.58 +20.63 292.63 + 15.60 1.985! 0.053

SO 318.69 +17.25 308.85 £ 14.93 2.223! 0.031"

NO 340 (330, 348) 337 (320, 350) 0.6052 0.545

10 297 (287, 310) 300 (285, 312) 0.0182 0.986

peri-fovea 314.78 £ 17.32 308.32 + 14.40 1.478! 0.146

VE: UAMSIFEAR t #5536, 2 AAESHRA (Mann-Whitney U test)f536, “A4 p <0.05.

3.4. FAEBEV MR MRETREC S

P 2L 18] 25 DX SR 90 5 J2 B A L 19X« R = T 4 L X I AT 3 7 T ) 22 7 e 4 v 1 X (p > 0.05)

(WA 5).

Table 5. OCTA-related parameters of the subjects in both groups

52 5. MLEEE OCTA HERFRAIXTEE

Group 1 Group 2 t/'Z P
SCP-PD (%) Fovea 31.92+6.76 31.30+5.81 0.363! 0.718
ILM(0)-IPL(9) TI 44 (41, 46) 44 (41, 46) —0.0722 0.943
SI 45 (43, 47) 45 (40, 47) —0.134? 0.893
NI 44 (42, 46) 44 (43, 46) —0.4212 0.674
I 45 (43, 46) 45 (43, 47) —0.2512 0.802
para-Fovea 44 (43, 46) 44 (42, 46) —0.2232 0.824
TO 44 (41, 47) 45 (42, 47) —0.8322 0.405
SO 48 (46, 49) 47 (45, 49) —0.2872 0.774
NO 49 (46, 49) 49 (47, 50) —0.8412 0.4
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10 46.92 +2.59 47.26 £ 2.60 —0.472! 0.639

peri-fovea 4594 +2.92 46.53 +1.78 —0.884! 0.381

DCP-PD (%) Fovea 19.85+9.67 18.81+7.93 0.425! 0.672
IPL(6)-OPL(9) TI 37.42+3.01 37.41 +£2.55 0.02! 0.984
ST 37.65+2.61 38.00+2.70 -0.474! 0.637

NI 37.92+2.77 38.26 £2.65 -0.451! 0.654

I 38.23+£2.52 38.04 +£2.18 0.3! 0.765

para-Fovea 37.81 +£2.44 37.93+2.22 —0.185! 0.854

TO 38 (37, 40) 38 (38, 39) -0.0182 0.986

SO 39 (38, 40) 39 (38, 40) -0.8182 0.413

NO 39 (38, 40) 40 (38, 40) -0.127% 0.899

10 38 (36, 39) 38 (38, 40) -1.1332 0.257

peri-fovea 39 (37, 40) 39 (38, 40) -0.3132 0.755

VE: SCP NRZEBMINE W, DCP NEZBMMERW, PD NEEEZE, AMSIAEAR t 1858, 2 NAESEHM(Mann-
Whitney U test)f& %6, "N p <0.05.

4. WHig

AT TG RE PR H 3 O U XU R BU(GRY), W 705 B 020 i GRI 41(GRI > 20%) 51K GRI 41
(GRI<20%).KH OCT A OCTA A & il 5 3 D DX AR 4 162 1) JE 8 455 i 3t e v , sk 2 1] L L 23 i OCT
J OCTA SHUMIZE S, BRIT MM /K B B AFAE 5 5 B DX I 546 44 0 Th RE SR (A DG %, s R -3
PRAR MR AR . A SR B o 400 PP FBE A oL 53 A 0 P 4 L BRI A

Saini DC % Perais J 55 A BB 53503 B B R o3 o3 R A0 MR 4% ) AR 2 DR R AR B FE R R 2 [10]-[12].
AR I — M TR S SIe EFe bRt Lo, % GRI 4L R AR 234 K Tk GRI 41, H = HRIMAE(FBG).
BEAL 2T 2R I (HbA 1)K T34 535 3 T GRI 2, 4182 3300 Giit 5 o PRI R A K 2 £ B i
5y p AHM D RedEAT YRR [13], MU AR T RE ) T R, BES) 51K 2 I8 IS 5 8 AP bl v, e @
S pE SR B, T GRI PRI SR AIA (& Ly S8 VA v A IR SRR, 501 2 o b 3 4%
AN 5 A B 0 R [0 T v 2R TR A — M DR B S5 S Fbn o 4t i 25 7 (p > 0.05).

AW T MHE B shFa bRt LR, K GRI 4L MG. SDBG. CV. IQR Zf8¥FrI R ZK T GRI 4, 1
7F TIR. TITR 4845 53 5T GRI 41, X TBR 4RI EHEZ R . GRIEAMNBEPAL & R IHE XU
LG bE TR bR, FAUE SRS USSR EE o A 2 R ) [R) &2 BLHEOCHK[14]. 1fi P94 TBR JoH 2. 7%
T, PERAHE TGN A I I BE 5 B AR BE ARG, GRI PRI ) 22 e 2 2B o sy AR S K I s 5 2
FEMZE R S, 20Ul GRI AR #E S BRI R A B 52 O3 (19 i OB AR DG KU, 9 S 3 IR L 1)
PEA i AR B A TR I R A X6
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