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NPDR< ¥ & NPDR<PDR, # 3% [E I 342 & 55 3 5 7K AT ( diabetic macular edema, DME) # 528474 5 A R & P & W 69 48 Jk
P B2 /K IF 28 ( central involed diabetic macular edema, CI-DME) | &k & & P« W &9 48 fk 9% £ 3% B2 7K B 28 ( non-central involed
diabetic macular edema, NCI-DME) | fo#% f J% 7 ¥ 5 7K B 28 (no macular edema, NDME) . # ¥ DME /= % 4% & . NCI-DME<
CI-DME, R & —#l6 R F# A 55 HGL £ &2 a kg £ 5, 4% NPDR %41 PDR %41 HGI £ % % F NC 41, A PDR
41 HGI % F NPDR 41, NCI-DME #1 . CI-DME #1 HGI ¥ % % F NDME #1, 5. CI-DME #1 HGI % F NCI-DME 41, % A %
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0. 04) HbAIc(P=0.01)5 T2DM & # & & ¥ Jk AL B 9% % ( diabetic retinopathy, DR) £ %A 4.t ¥ & X ;HGI 5 DR = £
B EFA % FESL(P<0.001), %44 HGIXY5 DR .DME # = £42 & F 48 %
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Association of glycosylated hemoglobin variation index with diabetic retinopathy severity

HE Jing, LEI Chunyan, ZHANG Meixia
Department of Ophthalmology, West China School of Medicine, West China Hospital of Sichuan University, Chengdu 610041,
Sichuan, China

Abstract: Objective This study investigated the correlation between hemoglobin variation index ( HGI) and the severity of reti-
nopathy and macular edema in patients with type 2 diabetes mellitus (T2DM). Methods A total of 294 T2DM patients were en-
rolled. Based on the 2022 International Academy of Ophthalmology diagnostic criteria for diabetic retinopathy (DR) , patients were
classified into: proliferative DR (PDR) , non-PDR (NPDR) , and no microangiopathy (NC). DR severity was further categorized
as mild NPDR, moderate NPDR, severe NPDR, and PDR. According to the international grading standards for diabetic macular e-
dema (DME) , patients were categorized as: central involved DME ( CI-DME) , non-central involved DME (NCI-DME) , and no
central involved DME (NDME). DME severity: NCI-DME <CI-DME. General clinical data were collected, and HGI differences
between groups were analyzed. Results Patients with NPDR and PDR group had significantly higher HGI than those with NC. PDR
patients had higher HGI than NPDR patients. Similarly, NCI-DME and CI-DME patients had significantly higher HGI than NDME
patients, with CI-DME having the highest HGI. Univariate Logistic regression analysis revealed significant correlations between the
presence of DR and T2DM, course of diabetes( P<0.01), body mass index ( P=0.01), diastolic blood pressure ( P=0.04), HGI
(P=0.01), fasting plasma glucose( P=0.04) , and HbAlc(P=0.01). Additionally, a significant correlation ( P<0.001) was found
between HGI and DR severity. Conclusion HGI is closely associated with the severity of both DR And DME in T2DM patients.

Key words: Glycated hemoglobin variation index; Diabetic retinopathy; Macular edema; Macular fovea thickness
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R 995 0L X IS0 78 ( diabetic retinopathy,, DR)
JE AR AR T A 1Y 2 REAR R A R 2R
T2 DR B BRI B BEK i ( diabetic macu-
lar edema, DME ) 72 & ™ 5, 400 0 90 3 6 ™

DR % A4 % e 5K W m fofE AR 5 ki
2175 11 ( glycated hemoglobin, HbAlc) 1 A PFA Il
BRI R PR ZEIG IR I . SR T B R 2 A
FEFRW] HbAlc Joik o8 2 e 2 MUk i
BB I 21 26 1 AZ 554552 (hemoglobin glycation index,
HGD) #452 H LAEAS HbAle 49748 5. Hai e A i
FEIESE HGI 2 DAl B i i 28 5 12 M Ak il 55 722 1
SHA:bRAE ) R 6 F HGIL 5 DR \DME
U E R B (R AR

HOCAIESY 2 B R HGL 5 e 9% 28 41 (no
microangiopathy , NC) 5% = 3% 58 W10 b s 100 194 fi62
9 72 4 ( non-proliferative diabetic retinopathy, NP-
DR) . /1) NPDR & NPDR 3 5 HH 1 PR 5 A8 o] s
Ji A8 2H ( proliferative diabetic retinopathy, PDR) DA &
JoBE R B BEK I 2H (no macular edema, NDME) |
I B K T B PR 95 14 2 358 7K Jih 2H ( non-central
involed diabetic macular edema, NCI-DME) . &}
S YT PR AR R e 1 5 BE /K i 2H ( central involed diabetic
macular edema, CI-DME) Z [8] f) 4 5P, DA R il
Fii #1697 PDR ,CI-DME $& {157 /B % | B I H: e AR 1Y
W DR PR S8 2 ) O R

| ARETE

1.1 —fEEN

WCEETF 2019 4F 1 H & 2023 4 3 A a7 041K
SEAEVY I BE N 43 W RHE B IR YT 1Y 294 5] T2DM i
L HrP 181 ) & 113 191];29~83 % SFH(57.3+
11.6) %, H4EE Br IR B 25 (2022 4F ) 85 RS AL
JEG 7212 Wi A 43 7 PDR 19 5] (NPDR 72 f5i] . NC
203 7, HHEEBRXT DME 943 2hn > 3 CI-DME
24 {5i] NCI-DME 41 i NDME 229 4],

YHABRE AT AR A 2040 (1999 4F) T2DM
Wit

FEBRARUE « 58 S8 AT 22 S0P PR (1 B DR 3T
i G O LA AE JRAE ™ EE A L BR DR Ak
PR P FBE I B 72 AP 22 A8 BB R L H B A
PENE B o e R PP S | 4 B A R A5 AT B
M) 1M
1.2 FHik

W SR R R R I PR AR B R
RSt FPG \HbAlc | LS £ (%5 2 i 4 1 AH [
I (low density lipoprotein cholesterol, LDL-C) . H’
=T (wiglyceride, TG) . ¥ % B Jig 2 11 H [f] B
(high density lipoprotein cholesterol, HDL-C ) %5 %k
LB T AR T 5 50 (body mass index, BMI)

WHIERRE B E S EHIK 5 mL, #2505 O
TR 5 25 i 1B ( fasting plasma glucose, FPG) |
TR (3 0 5 HbA Le , SR FH AR 3 5800 4
FI 30 A=A 2 B ASGI E 1 AR

BETE R Pearson AHICHE MM HbAle 5 FPG
ZIAFFAEIEARDC O A o Tl 2k 1T 9 7 72, 45 25
1 :HbAlc (%) = 5.286 +0.437 x FPG ( mmoL/L) ,
R*=0.281, HGI=3ZPx HbAlc-Tiill HbAlc!"
1.3 SGitFEaE

NI SPSS 27.0 #ift, idid 75 22 53 it S Al
PIE TR T 4 A 22 S P 40 . HGL 5 DR, DME
MR BN ZR M Z W &R Logistic [A1IH 4347 P4l
HGI %, *}" | & NPDR 41 ,PDR 41 X R HAH T
Logistic[FIH 53 PEAL . K g K fEZEH «=0.05,

2 & B

21 ELKABEER

B PR (P =0.99) 4E# (P=0.93) . TG
(P=0.59) .LDL-C(P=0.24) .HDL-C(P=0.09) J¢
Gt E X, 5 NC 4 %, NPDR 4% & (P <
0.01) . BMI(P=0.01) 5K & (P =0.04) \HblAc
(P=0.01) A 4 it X, PDR % & (P =
0.01) FPG(P=0.04) A 4it* & X, PDR 45
NPDR A LU E(P=0.01) &FiKE(P=0.02)
GRS, Wk 1,

Tl AU BHE LR

Table 1 Comparison of baseline data across groups

S NC NPDR PDR
5/ 125 45 11
/1 78 27 8

R 57.44+11.22 57.47£10.84 57.94+13.11
SRR/ AT 7.42+6.84 11.30+5.97% 8.53+7.05
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ZH NC NPDR PDR
BML/ (kg/m?) 24.83+3.26 23.36+3.59% 24.35+3.73
W4 I/ mmHg 136.74+18.15 132.89+21.16 148.53+21.88"%
&7k 5/ mmHg 86.15+12.21 81.21+11.287 89.12+14.03%
TG/ (mmol/L) 2.52+2.45 2.93+8.23 2.53+2.46
HDL-C/( mmol/L) 1.14£0.29 1.21+0.33 1.23+0.43
LDL-C/( mmol/L) 3.13£1.02 3.29+1.09 3.29+0.84
FPG/( mmol/L) 12.70+5.70 11.48+5.22 8.98+3.80"
HbAlc/% 9.6622.10 10.31+2.57" 10.56+1.43

D45 NC 414, P<0.05,,

@ NPDR 4 Ht#, P<0.05,
2.2 HGI 5#ERFHRMERERXR

NC 41 HGI V- ¥J{f 2 - 1.177+2.062 ,NPDR 41
47 0.008+2.642 PDR 4k 1.346+1.775, 45 4 0] Jy 2=
ST Geit s X (P=0.01) , PDR 41 NPDR 4]
HGI & # T NC 41 (P<0.05) , H. PDR 41 HGI %
F NPDR #{(P=0.01)

AT DR Y 5 R K 4028 Logistic 71154y

Mizs, T2DM & & 4= DR 52 i IR 28 4 G A2 |
BMI %77k \HGI ,FPG \HbAlc (W3 2) . HFERIE
FNZE M £ K E 432 Logistic [9119 53 #r 45 51 &
78, &4 DR BRI IN % & HGI e (X HbAle 5
HGI Z R AR R &R, B2 &R 40 B b AS 48
Ao W3,

#2520 DR BYERAIZR Z 502 Logistic [A1H 4347
Table 2 Univariate binary Logistic regression analysis of factors associated with DR

S B OR P 95%CI

L] 0.002 1.002 0.995 0.603 ~1.665
AR 4 0.001 1.001 0.929 0.978~1.024
e/ AT 0.071 1.074 <0.001 1.032~1.116
BMI/ (kg/m®) -0.119 0.888 0.008 0.813~0.970
W4 e/ mmHg -0.002 0.998 0.801 0.985~1.012
# 5K e/ mmHg -0.023 0.977 0.043 0.955~0.999
TG/ (mmoL/L) -0.005 0.995 0.681 0.969~1.021
HDL-C/(mmoL/L) 0.748 2.114 0.095 0.878~5.087
LDL-C/( mmoL/L) 0.151 1.163 0.235 0.906~1.492
FPG/ (mmoL/L) -0.061 0.940 0.014 0.895~0.988
HbAlc/% 0.146 1.157 0.012 1.032~1.297
HGL/ % 0.306 1.358 <0.001 11.198~1.538

3 52N DR [WZ R E 42 Logistic [FIE4T
Table 3 Multivariate binary Logistic regression analysis of factors associated with DR

28 B OR P 95%CI

HGL/ % 0.373 1.453 <0.001 1.222~1.727
iR/ A 0.078 1.081 0.001 1.032~1.133
#5K He/mmHg -0.014 0.986 0.317 0.959~1.014
BML/ (kg/m*) -0.085 0.919 0.078 0.836~1.010
FPG/ (mmol/L) 0.043 1.004 0.225 0.974~1.120

1 ZH & Logistic [IJHREIAEIE TR . BMI &5k E . FPG,

2.3 HGI 5HERFBUMBRRECEEENXR

h T it 50F HGL 5 DR P E R C R,
% NPDR 41 Fi ¥k 4> 4 4% F NPDR 41 36 4, o Jif
NPDR#H 12 14| # Jif NPDR 41 24 {5, 4% b &

NPDR 41 .PDR H #4754 /5[5 40#7 , HGI J& DR ™
ERREE5Z 0 K 2 (1] HbAle 5 HGI Z Al £ 7E 4k
WA MENESPAHNA), WE4 TS,
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F 4 YN DR EFREE R RN EA P32 Logistic [111H 04

- 37 .

Table 4 Ordinal Logistic regression analysis of single factors associated with DR severity

28 B Wald x* P 95%CI
HGL/ % 0.401 19.116 <0.001 0.221~0.581
HbAlc/% 0.220 6.739 0.009 0.054~0.387
LDL-C/( mmol/L) -0.015 0.006 0.941 -0.399~0.370
HDL-C/ ( mmol/L) 0.111 0.033 0.857 -1.096~1.318
TG/ (mmol/L) -0.033 0.662 0.416 -0.114~0.047
BMLI/ (kg/m?) 0.016 0.074 0.786 -0.099~0.130
AR/ % 0.001 0.003 0.955 -0.034~0.036
SR/ A -0.014 0.178 0.673 -0.076~0.049
W45 i/ mmHg 0.021 5.119 0.024 0.003 ~0.040
&9k e/ mmHg 0.042 5.945 0.015 0.008~0.176
RENETE It

i -0.348 0.622 0.575 -1.567~0.870

PR+ T i35 0.018 0.676 0.978 -1.306~1.343

BTG (S RA) 1.000
P

% -0.066 0.029 0.866 -0.833~0.701

L (SRA) 1.000

# 5 0 DR PEEE LR ER P 4325 Logistic [FIH5H7
Table 5 Multivariate Logistic regression analysis of factors associated with DR severity

2R B Wald ) P 95%CI
G 1 [DR BEE=%2] 3.516 4.912 0.027 0.407 ~6.626
FHE 2 [DR 2 =] 4.237 6.981 0.008 1.094~7.380
HHE 3 [DR B =1] 5.904 12.432 <0.001 2.622~9.186
HGL/ % 0.390 17.202 <0.001 0.206~0.575
W48 £/ mmHg 0.014 1.228 0.268 -0.011~0.039
#75K %/ mmHg 0.025 1.212 0.271 -0.020~0.070

2.4 HGI 5EWKMERNXR

NDME 4 . NCI-DME 4 , CI-DME # /) HGI
SEEIME S 5 -1.062+2.202, —0.182+2.019
1.576+2.462, NCI-DME 4 ,CI-DME #4{ HGI i
Z T NDME 41 (P=0.01), H CI-DME 4 HGI

7% FNCI-DMEZ ( P=0.01) , # NDME #1 NCI-
DME 41 .CI-DME 41 #1743 J¥ [l )4 23 A7 , HGI
T 5 98 B K i 7™ 8RR HL A M 6 M (I HbALe
5 HGI Z A LM X R i R A H
A, WFEe6 KT,

F 6 SR HBEK i E R Y BN FA P32 Logistic [9119 734

Table 6 Ordinal Logistic regression analysis of single factors associated with macular edema severity

S8 B Wald x* P 95%CI
HGI/ % -0.259 15.622 <0.001 -0.387~-0.131
HbAlc/% -0.193 8.903 0.003 -0.319~-0.066
LDL-C/( mmol/L) -0.204 2.208 0.137 -0.472~0.065
HDL-C/( mmol/L) -0.794 2.837 0.092 -1.718~0.130
TG/ (mmol/L) 0.096 1.407 0.236 -0.063~0.254
BMI/ (kg/m?) 0.111 4.948 0.026 0.013~0.208
G 0.000 0.000 0.993 -0.026~0.026
SR/ A -0.053 6.494 0.011 -0.094~-0.012
W45 [/ mmHg 0.003 0.142 0.706 -0.012~0.018
#75K %/ mmHg 0.023 3.050 0.081 -0.003~0.048
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ZH B Wald y* P 95%CI
WA it
(WYl -0.373 0.704 0.402 -1.243~0.498
FIRR+ 2 ™ T 4 -0.395 0.676 0.609 -1.388~0.598
BTG (SR4A) 1.000
5]
5 -0.192 0.437 0.509 -0.763~0.378
L (ZHA) 1.000

T RWETBEK I AR 0 22 B AT 326 Logistic 0145047

Table 7 Multivariate Logistic regression analysis of factors associated with macular edema severity

S8 B Wald ) P 95%CI
M 1 [ PR = ] -0.184 0.021 0.884 -2.662~2.293
TR 2 [ FEBEOA =7 ] 0.332 0.069 0.793 -2.143~2.807
HGL/ % -0.198 7.360 0.007 -0.340~-0.055
BMLI/(kg/m?) 0.088 2.931 0.087 -0.013~0.189
R/ AF -0.052 4.946 0.026 -0.097 ~ -0.006
2.5 HGI 5ERHOMEEMXZR FRIBZ: N R G #1772 I &R 30, HGI & 8 5 10 [1]

X B BE O M B BE HEAT FL D SR AR R 3 A, RBERY MR R, AR 9.
HGI BMI Ji e | &5k R g m 2, Wk 8. HiF
F 8 SUUBERE L MR A S LR T

Table 8 Univariate linear regression analysis of factors associated with macular fovea thickness

ZH B FRifEiR P 95%CI
HGL/ % 6.030 1.800 <0.001 2.486~9.573
HbAlc/% 1.993 1.922 0.301 -1.789~5.775
LDL-C/( mmol/L) -0.787 4.046 0.846 -8.752~7.178
HDL-C/( mmol/L) 3.708 15.014 0.805 -25.873~33.288
TG/ (mmol/L) -0.135 0.320 0.674 -0.766~0.496
BML/(kg/m?) -2.650 1.285 0.040 -5.181~-0.120
R 0.569 0.397 0.153 -0.213~1.350
SRR/ AT 1.323 0.654 0.044 0.036~2.610
W48 £/ mmHg -0.044 0.231 0.848 -0.499~0.410
#75K [/ mmHg -0.867 0.361 0.017 -1.578~-0.157
R it -3.385 5.795 0.560 -14.790~8.019
ezl 8.958 8.708 1.029 -8.180~26.097

FO M E B MR 22 B Lk [ )3 7

Table 9 Multivariate linear regression analysis of factors associated with macular foveal thickness

S5 B bR P 95%CI

HGL/ % 4.957 1.962 0.012 1.092~8.822
BMI/ (kg/m?) -1.752 1.300 0.179 -4.312~0.809
SR/ AT 1.159 0.644 0.073 -0.111~2.428
#F 7% ./ mmHg -0.498 0.371 0.180 -1.229~0.232

3 W REFERFFYIE 52 85 HbAlc 7KF 5 DR (14 % A4 4
) % HbAlc A REZ B 2R N K MR, A5G i

PLI R A8 2 5% ) T2DM SR I R 25 ALIRERE AFFEE HbAlc SRl 21240 il A7 % 22
I, AWFFEH15H 59 DR NPDR PDR SR 54 &5 FrRUA B se 3 LAPEAS HbALe 728 5t 145
BRI AE FRAT R 27 A 45 SRR, A3 W 30.95% . ok B 0 M S I AL AAR P 2R A0 IR A BRI
24.49% 6.46%"" HGI'", HETE A —L /58 IE 32 HGI &5 T2DM M
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HEAE DR B M, =M fE Rl R,
WRIGEIE 260 %2 B HGT RETIN DR A9 & XU, HLHE
HbAlc X} T2DM {3 I 48 5 722 #% T2 I 4 {E 5 K
(OR=5.136,95%CI:3.105~11.279, P<0.01) ,

{5 H #if [ 9 A1 75 #F 58 UE 52 HGI 5 DR . DME
FEEAREE Y OC R, BOAS BT ST A B UH 4 M, 5T
HGI 5500 FR o 10 19 5 74 T G 7> o i | Bk v o
[UJRE R B BE K PSS ALY G R, & B HGIL s i 5
DR E A MM, HGI 55 DR ™ & 2% B A F e
HGI Jji 2 5 S BEK ™ 8 F2 B2 5 AT AH G HGL 5
BEBE LG MR EE B A AHOCHE, HGI #5 , DR . DME
T H A R AR, BB R [ R R R, R R
SRR R R R S AR ) 3 R A G

HGI /K] Lz e 1l 2T 25 188 3540 5 7 A 7
JE 5 PR S5 A TR OB SR AL 2R P KT B E
FHOG , TR IV B T v 2 38 2o g S B L AL 2R
%J@zi‘ﬁifdiljﬂ%%r“@ifir“frﬂ“ T T 3 A IR
PRZEDLATPERE N, 5| M 4 M4 , e 245 | ki
(=R TE

HbA ¢ ARS8 o “ARUHCAZ” RNz, ana Ak vy
BLHIAE B8 ot A5 91 & 0 A9 KUK . {E VAR I
SRR, 220 SR O ¢ S5, NN S 200 A 1 s
PEREIN SO SR AR T A S A T —
FINRNE, 100 Rt Z b Rz 4 MY, 523 DR,
DME fy & K et

gk mﬁ/\@:ﬂﬁiv\]¥@xﬂw f#f VEGF #I
TGF-B1 FINHEIN 17555 20 A 8 10 il — 40 R 57
BEARBEIR JE A D0 S €, 3% - B 41 ik ( ARPE-19)
AOZRARL E W, 5 | S 104 P B2 40 B9 ( vascular endothelial
cell, ECs) 28> {00 108 I 5 PR Bz 40 - 34
FHT A 1A A2 A

R 2518 ECs s As, Hoh — Pk A
MR R N Sz — 18] 78 ) 4% 1k ( endothelial -to-mesenchy-
mal transition, EndMT) , N Bz 41 g I 9 Bz 26 760 )
[i1] TR Ak, AT 2 25 15 3 P9 B2 A Tl gt
WA, 38 3 AR AT PR B 200 9 DR o p R ) 7 S 8 aq
S RIS BRI N

TR 1R W 23 15 | e S A0 R S 1 fin R 5 A ads 4%
() S8 SO0, O TR s ) e AR, B s A R T
EndMT AYBRES , {1 S5 A I A >

T LI LU, HGI mﬂﬁﬁimﬁ%%ﬁﬁﬁi%ﬁi
M489 XU 5, DR \DME 8™ 5 174 7] B

gE Lk, A1 & B HGI v] /E 414 DR .\DME
KRR G FR, 0 T2DM & 5 i 0B 2 13t
f65F . RN, HH ARG Jy B OB BT IR 52, 3047

JCHEETH 2 HL i .8 HGI 5 DR DME 2 [a] it [H] 3R 3¢

R, ARINTFEIATE Z 0 Z PO s

W5, LA % HGI 7£ DR .DME 1Y 5. 1512 W A Y7
J5 S A RO H

SE LR
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