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Abstract: Objective To investigate the predictive value of hemoglobin glycation index ( HGI) for endpoint events in
patients with acute decompensated heart failure ( ADHF). Methods A total of 1 420 patients with ADHF who were
admitted to the Department of Cardiology, Nanjing Drum Tower Hospital from September 1, 2010, to September 1, 2019,
were included in this study, and the corresponding HGI values were calculated. The patients were divided into three groups
based on the tertiles of HGI [ group T1( HGI<0.499% , n=473) ,group T2(0.499%<HGI<1.108% , n=474) , group T3
(HGI>1.108%, n=473) ]. The endpoints included all-cause mortality, cardiovascular mortality, and major adverse
cardiovascular and cerebrovascular events (MACCE). The occurrence rates of the endpoints in the three groups were
evaluated by Kaplan-Meier curves, and the predictive value of HGI for the endpoints was assessed by the multivariable
COX proportional hazards model. Results During a follow-up period of 60 months, all-cause mortality was 25.28%,
cardiovascular mortality was 13.03%, and MACCE incidence rate was 58.59% in the study cohort. The adjusted Kaplan-

Meier curves showed that all-cause mortality and cardiovascular mortality decreased with increasing HGI values (P<0.05).
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There was no significant difference in incidence rate of MACCE among three groups (P>0.05). In the adjusted multivariate

COX proportional hazaras model, the increase in HGI was significantly associated with a decrease in all-cause mortality

(HR=0.501, 95%CI; 0.336-0.747, P=0.001) and cardiovascular mortality ( HR=0.438, 95%CI; 0.255-0.754, P=

0.003).  Conclusion

Increased HGI values are significantly associated with decreased all-cause mortality and

cardiovascular mortality in patients with ADHF, but not with the occurrence of MACCE.

Keywords: Hemoglobin glycation index; Acute decompensated heart failure; All-cause death; Cardiovascular death;

Major adverse cardiac and cerebrovascular events
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&1 A HGIJr2H/g ADHF B85 JELRRHIE LA
Tab. 1 Baseline characteristics of ADHF patients with different HGI groups

i H T1 4 (n=473) T2 H(n=474) T3 4 (n=473) H/X*/F (i P
RS ()0 75(62,81) 74(65,80) 76(67,82) 8.959 0.011
B (%) ] 269(56.87) 265(55.91) 264(55.81) 0.132 0.936
BMI"(kg/m?) 24.04+4.38 24.01+4.28 24.13+4.83 0.064 0.938
e 45 (mmHg) 133.76+22.87 132.30+24.10 134.28+24.60 0.871 0.419
&7k (mmHg) 76.66+15.24 77.07+15.61 75.09+14.73 2.243 0.107
BEA [ (%) ]
R 110(23.26) 125(26.37) 211(44.61) 56.760 <0.001
I 291(61.52) 331(69.83) 334(70.61)°¢ 10.866 0.004
1 IR ML AE 192(40.59) 198(41.77) 182(38.48) 1.096 0.578
ANy 158(33.40) 179(37.76) 201(42.49)°¢ 8.310 0.016
R IE O ILEESE 64(13.53) 63(13.29) 73(15.43) 1.078 0.583
E/a S NIk 151(31.92) 186(39.24) 148(31.29) 3.199 0.202
HEJEL O LG 42(8.88) 51(10.76) 50(10.57) 1.120 0.571
R sl 0 LG 11(2.33) 11(2.32) 15(3.17) 0.888 0.641
R O LSS 118(24.95) 145(30.59) 150(31.71) ¢ 6.031 0.049
O B E) 216(45.67) 251(52.95)°¢ 253(53.49)° 7.230 0.027
AR TH P i A v 96(20.30) 119(25.11) 124(26.22)°¢ 5.155 0.033
Jiti 30 R 4 137(28.96) 99(20.89)° 116(24.52) 8.313 0.016
W A8 100(21.14) 105(22.15) 107(22.63) 0.316 0.854
TR s 47(9.94) 52(10.97) 46(9.73) 0.459 0.795
LVEF(%)* 47(37,55) 45(36,55) 46(40,54) 1.450 0.371
BNP(pg/mL)"® 738.55+825.19 741.24+832.22 783.98+879.23 0.409 0.665
FPG (mmol/L)* 5.31(4.71,6.46) 5.01(4.52,5.94)° 5.10(4.46,6.37)°¢ 17.617 <0.001
HbAlc (%)* 5.50(5.12,5.99) 6.10(5.80,6.50) ¢ 7.14(6.64,8.03) 704.569 <0.001
HGI (%)* 0.079(-0.299,0.322) 0.783(0.631,0.953) ¢ 1.698( 1.344,2.301) 1261.334 <0.001
TC( mmol/L)" 3.87+1.06 3.69+0.97° 3.65+1.06° 5.913 0.003
TG(mmol/L)" 1.22+0.71 1.20+0.66 1.15+0.62 1.372 0.254
LDL-C( mmol/L)* 2.01(1.51,2.62) 1.89(1.50,2.43) 1.85(1.35,2.35)°¢ 12.841 0.002
HDL-C( mmol/L)" 1.00£0.33 1.02+0.35 0.99+0.35 0.739 0.478
FRR (pmol/L)* 450.51+165.38 446.02+150.11 454.42+154.79 0.377 0.686
i ULAT ( wmol /L) 110.03+96.86 106.07+106.12 108.21+85.43 0.197 0.821
Jili 31 ik & ( mmHg) ” 43.72£13.78 44.28+12.31 44.22+12.85 0.250 0.779
BB G (%) ]

B ZABH K 292(61.73) 312(65.82) 318(67.23) 3.387 0.184
ACEI/ARB 186(39.32) 211(44.51) 225(47.57)°¢ 6.447 0.040
FIFRH 363(76.74) 378(79.74) 362(76.53) 1.766 0.414
P[] ) 2 AR R 265(56.02) 283(59.70) 265(56.02) 1.747 0.418
EiIR: 2] 117(24.74) 135(28.48) 148(31.29) ¢ 5.055 0.050
JMES 228(48.20) 247(52.11) 264(55.81)°¢ 5.490 0.046

FE: a L M(Pos,Pes) 278, b L x5 2R3 5 T1ALHEL,“P<0.05;5 T2 41ATH, ' P<0.05, TG, =Wt H i ; HDL-C, w5 % B Al 28 11 I Bl et

ACEL, If 5 E 5k R AL EEN 1570 ; ARB, 1 35 Z K R 1 ZRH5407,
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t, HGT>1.108% (T3 4H) 54 AT (HR=0.619,P =
0.015) LA BET-(HR=0.572,P=0.038) 5 17 #H X,
5 MACCE [ % J6 M 21 (P>0.05), 1fif HGI <
0.499% (T1 41) 1 0.499% <HGI < 1.108% (T2 41) 54
BT O A FET MACCE 9 %% A= T6 i 240 6 (P>
0.05) o FEAE IEME B AR 0% e e &7 9 BMIL
W S TS U DRI | e L i AR 4 sk o L
9o BRI Co AL O RIS o o B 50y L R TH P Pk 24
rh (B8 2) J5  HGI>1.108% (T3 ) {388 5 4= K581 (HR =
0.532,P=0.002) ..L> LA FET- (HR=0.500,P=0.011)
WEFMSE, TERRL 2 ARl T PRt — 20 R AL 21
#F \HDL-C LDL-C | JRfi® .BNP LVEF | fifi8fj ik [ . B
SZARBH A L ACEL/ ARB ] R | 82 [ il 52 445435 Bt )

(#5581 3) J5 , HGI> 1.108% (T3 4H) /34R 5 &R FE T
(HR=0.501,P=0.001) FLCM A4 FET - (HR=0.438,P=
0.003) 5 i & 17 A1 565 H 0.499% < HGI < 1.108% ( T2
)W G2 KT 2 7 AHE (HR=0.679,P=0.042) ,
AN, RMSEEE T & AR A R HOT fHAEA [FRI7KF-AT)
5 MACCE ¥ &4ETC K (P>0.05)

24 sk EEFEETEASHr, HGL 5%
H(P<0.001) WE4HE (P=0.028) .LVEF(P=0.013)
BEAAHAER; UHAE LVEF<40%(#) ADHF 3,
APRAET K A b HGL A3 i e 08/, 70 i
EIET WA 53 A b, HGT 5 W 52 (P =0.046) \LVEF
(P=0.017) BA L HAEM ; fiaHBE T AL, 76 LVEF<
40% ) ADHF g, O 48 6T % AR R B HCL 1
BT 2580, 7F MACCE W 4143 #7H, HGI 7E4%
WAHPHTL TAEH . Wk 3.3 4,

1.OF, 1.0k — 1.0
U, P=0.17 R P=0.59 hH P=0.22
09F : 09F SRee, 0.8 1,
0.8 T ¥ 0.8 o OO e
hi = b HCI<0.499% & S
Hosl  HoI<0499% o4 0.499%<HCI<1.108% H041 e
‘ 0.499%<HCI<1.108% ’ HCI>1.108% o2l CownCieLiosn
oL HCI>LIos% 061 : HCI>1.108%
1 1 1 1 1 1 1 L 1 1 1 1 1 1 1
0 12 24 36 48 60 0 12 24 36 48 60 0 12 24 36 48 60
I H) ® WA ) B4 H) ©
A AR TS B 0 A SE T F; C Jy MACCE,
Bl 1 K[ HGI 434 ADHF B3 2 5 S 4 Kaplan-Meier £k
Fig. 1 Kaplan-Meier curves of endpoint event in ADHF patients with different HGI groups
L L 1.0f
Ho P<0.01 10 P<0.01 0.9F P=0.45
09F 0oL 0.8
W08l - 5 w 071
& i 0o ﬁ 0.6/
HoqL o AT Ho<0499% 0.5
g%i‘/?ﬁﬁl%{osl.l%% 0'499%<H9§1‘108% 0.4 (131%5/021]?1%,1;1 108%
0.6L  HCI>1.108% 0.7p  HCI>1108% 03, HCI>1108% =~
0 12 24 36 48 60 0 12 24 36 48 60 0 12 24 36 48 60
it (4 H) ® b (4 H) ® it (4 H) ©
A A RRFET S B RO A FE T 54 C 25 MACCE,
2 KOEIRZARFIRJEHY Kaplan-Meier ik
Fig. 2 Kaplan-Meier curves after confounders adjusting
T2 GRL s COX UK LA 7Y
Tab. 2 Proportion model of COX risk for clinical endpoint events
S 1 A 2 i 3
e HG1 4341 L - = ” -
HR(95%CI) P1{H HR(95%CI) PH HR(95%CI) P1H
L RFET T1 — — —
T2 0.730(0.503~1.057) 0.096 0.711(0.490~1.030) 0.071 0.679(0.468 ~0.986) 0.042
T3 0.619(0.420~0.912) 0.015 0.532(0.358~0.791) 0.002 0.501(0.336~0.747) 0.001
DIMAEFET F T1 — — _
T2 0.892(0.560~1.422) 0.632 0.868(0.544~1.383) 0.551 0.808(0.503~1.297) 0.377
T3 0.572(0.338~0.970) 0.038 0.500(0.292~0.856) 0.011 0.438(0.255~0.754) 0.003
MACCE T1 — — —
T2 1.108(0.934~1.313) 0.239 1.118(0.940~1.329) 0.206 1.120(0.935~1.340) 0.218
T3 1.155(0.977~1.366) 0.092 1.094(0.921~1.301) 0.305 1.115(0.932~1.333) 0.233
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Tab. 3  Subgroup analysis
T4l HGI 4441 ST DT MACCE
HR 95%CI P1{a HR 95%CI P& HR 95%CI P1{E
FIR ()
<70 T1 Ref Ref Ref
T2 0.582 0.303~1.120 0.105  0.438 0.192~1.001 0.050  0.992 0.733~1.342 0.957
T3 0.687 0.362~1.304 0.251 0.553 0.250~1.224 0.144  1.129 0.834~1.528 0.433
=70 T1 Ref Ref Ref
T2 1.011 0.770~1.327 0.940 1.171 0.788~1.739 0.434  1.166 0.949~1.434 0.144
T3 0.781 0.593~1.030 0.080  0.919 0.616~1.372 0.680 1.163 0.950~1.424 0.143
P31
B TI Ref Ref Ref
T2 0.936 0.664~1.319 0.705 1.017 0.644 ~1.605 0.943 1.281 1.018~1.612 0.035
T3 0.691 0.483~0.989 0.043 0.650 0.395~1.071 0.091 1.151 0.914~1.450 0.233
prgics TI Ref
T2 0.918 0.637~1.319 0.646  0.892 0.518~1.538 0.681 0.928 0.720~1.195 0.562
T3 0.893 0.624~1.280 0.539 1.084 0.652~1.804 0.755 1.154 0.904~1.473 0.251
WA
G T1 Ref Ref Ref
T2 1.006 0.762~1.327 0.966 1.041 0.699 ~1.550 0.842 1.096 0.905~1.327 0.349
T3 0.902 0.683~1.192 0.470 1.005 0.678~1.491 0.980 1.198 0.993~1.445 0.059
e T1 Ref Ref Ref
T2 0.650 0.360~1.172 0.152 0.715 0.341~1.500 0.375 1.154 0.795~1.674 0.451
T3 0.420 0.225~0.783 0.006 0.392 0.169 ~0.908 0.029 1.013 0.696~1.472 0.948
eGFR( mL/min)
<60 Tl Ref Ref Ref
T2 1.350 0.910~2.002 0.136 1.681 0.945~2.989 0.077 1.305 0.943~1.805 0.109
T3 1.001 0.679~1.476 0.097 1.280 0.727~2.254 0.393 1.324 0.978~1.793 0.070
=60 Tl Ref Ref Ref
T2 0.787 0.570~1.088 0.148  0.734 0.471~1.144 0.172 1.052 0.861~1.285 0.619
T3 0.670 0.479~0.937 0.019 0.640 0.404~1.013 0.057 1.087 0.889~1.329 0.417
LVEF(%)
<40 T1 Ref Ref Ref
T2 0.432 0.226~0.828 0.011 0.481 0.242~0.955 0.036 1.112 0.798~1.548 0.530
T3 0.380 0.178~0.812 0.012 0.403 0.179~0.906 0.028 1.304 0.920~1.848 0.135
=40 Tl Ref Ref Ref
T2 1.092 0.831~1.434 0.527 1.338 0.810~1.846 0.338 1.092 0.895~1.333 0.384
T3 0.883 0.672~1.159 0.370 1.059 0.706 ~1.589 0.782 1.127 0.930~1.364 0.222
g T1 Ref Ref Ref
T2 1.042 0.774~1.404 0.786 1.037 0.678 ~1.588 0.866 1.093 0.896~1.333 0.383
T3 0.762 0.549~1.058 0.105  0.824 0.518~1.312 0.415 1.060 0.860~1.307 0.583
H T1 Ref Ref Ref
T2 0.686 0.433~1.086 0.108 0.760 0.412~1.402 0.379 1.122 0.805~1.564 0.497
T3 0.672 0.445~1.017 0.060  0.688 0.392~1.207 0.192 1.191 0.879~1.613 0.260
o I R B
7 T1 Ref Ref Ref
T2 0.971 0.603 ~1.566 0.905  0.980 0.528~1.817 0.948 1.004 0.746~1.350 0.981
T3 0.769 0.475~1.244 0.284 0.739 0.390~1.402 0.354 1.013 0.758~1.353 0.933
H T1 Ref Ref Ref
T2 0.876 0.652~1.178 0.382 0.938 0.611~1.440 0.770 1.167 0.945~1.440 0.152
T3 0.766 0.568~1.033 0.081 0.870 0.567~1.335 0.523 1.233 1.001~1.518 0.049
i 7 e ol
b T1 Ref Ref Ref
T2 0.904 0.670~1.219 0.508 0.971 0.631~1.495 0.894 1.194 0.978~1.458 0.082
T3 0.845 0.629~1.136 0.266 1.081 0.717~1.631 0.709 1.347 1.109~1.636 0.003
H T1 Ref Ref Ref
T2 0.931 0.587~1.275 0.760 0.847 0.465~1.540 0.586 0.830 0.600~1.150 0.263
T3 0.629 0.387~1.024 0.062  0.395 0.194~0.803 0.010  0.700 0.502~0.976 0.035
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Tab. 4 Interaction between HGI and various subgroups in

clinical endpoint events

&5 E(Slam L IMEFET MACCE
AR (%) 0.506 0.151 0.967
PER <0.001 0.168 0.403
W A 5 0.028 0.046 0.517
eGFR( ml/min) 0.118 0.062 0.891
LVEF( %) 0.013 0.017 0.765
WE IR 0.633 0.606 0.424
e I 975 5 0.965 0.702 0.796
ki 2 v g s 0.317 0.899 0.188
3 it i

AR BIEPERF 7S BT T HGL 5 ADHF g3 1) 4 A
T GO S FET- M MACCE XU By AH 6k . Fe& %
I, HGI (3 inxt ADHF 35 2 A6 T FLL 4 A6 T
AP HXT MACCE f % A S0 A5 W] S 5

e R PR 2 O 5 A ) SR R AT [
PESTHT AR £ A B B A IR 7K S 434, & A )
IR B A B IS5 St O 2 JR 3 B30T 3D 795 G
ORI T ABET ) R i e A 2 R
EERI M ME AR, JoTk R b PR 5 0 10 56
Z, HbAle BT 2 ~3 A~ H LUK i i 7 K
- (R B R 2 TR 2% B, L5 74 i A K P 22 1]
FEAEATS R Y 25 5, Z AR Z I 2 52 ), e | 4
Wy BAEAE S LU0 AR A Bk R AT am A
it Hempe 25" 42ty HGL, i TARICII i 19 HbAlc A0
SER BE K 2 0] 9 22 57 o 55 At 1t 8 /K S AR 4B )
BEAM L, " AL HGL KPR E S2BR HbATce 7K
Ay lE T AR, XK HGL /Y g
WMEZF [ HbAle KT FPG Tl i HbAlc, A= 7T fig
SRS, WA 18 HGT, AR AT e S di i 14k 75
JEE v B XU . T 5 HGL [ R, il Be & k2
RIS, T W EEH] 1) HbAle HFINE 25, ;2
T 8 S Aot 42 il £ 25 MW 7638 B /K P 3] DA B
HIFBEZE R A O LS £8 5 19 HGT A0 ILEEZE &
R EAEN LA HIESE T HGL 5 ADHF 8 3%
BET- R A,

Zhang 2V BFSEIE R HGI KSE T35 15 2 BB IR
95 HB O I AE I & E A AE T KU 38 A 56, Ahn
SETE 1 248 4 E AR AN SEAT T RTSE, 45 5
i HGL 50 178 3 95 | i 1008 2 0 AR 1 2 3 L b
JE Bk BG G & 2 U Jh S IE MO . SR 5 LB
FEEETE A I I 2 , A ST JG 18 & Kaplan-Meier {45
i JE COX Z A % [l 43 B 34 & L = HGI 5 ADHF

B FET 2 A O, 2 B AR A7 TS B PR 1 A
Fo ATREMIIRIEGNT - (1) DIAERIFSEE 5 ok H AN
FNBERR I, XRS5 AN e A v etk (2) A
[ (1) BABIAIE 55 %) MACCE 1122 SUAS ], fili 5 2 5 5 14
AGEAAA; (3) HGINTRELE A AN [ 1 A v
RYERFRVE R . MR LR ROBFSE, Li 250 S B
HGI 5% HGL ¥ 5 2 i Bk er 1R R B AE R R 45
IR AR, 5 U B R s Pan 25V SEN] HGT S8R
I B R B PE  A R AR 2 R SRR R U ARG
Z ; Ostergaard 25 SRR HGT 5 B A8 0 1065995 H
0 IUREAE & AR SR B 1A DG . HGT ZE R [R5 P i
AN—E T Refi B T AR5, HGL Fil MACCE 22
[ = W KR, AN, HGI i BEARJE: ADHF (8%
MACCE [ e % .

REBONENER IR R, TR e B 2097, &
AR AE T HbA T FIIBE 22 8] (2 556 &, T
I T HGI, NHANES WF5% UL B JE )5 2 1EAl
TOREPR I E 9 HbA e FIUME 22 8] (1) E B G R, 45
SR LT B A IR = T 200 mg/dL 1 52 3K 1)
HbAle KF2w5 T AREM T4, Sk [ Hsia 27
B R e AR Z 69T B BAE N, OB A
BEA) HbALe AEfE @ T ALk, Kb, i IR w2 T
REA B 1Y HGT, 4232 55 B ) B4 TR 97, i
A RTREM B A Z th o WAL ARG AT 5T 10 W 4H 43
M7, 5 LVEF = 40% [ 82 2% #H [, HGI 34 %f LVEF <
40% 1) B A5 A R B ORIE T, A BT St 1l B 5
T XU 2 B 2 BRI 5 ik R HGL FE A PRI R0 2
FE ™ H 32 9 R AT BE LA i ) T AN (B, B
Ah BRI T X I RS A AR A B ) b B
IR R TR B, T B R AS B (A
it — AR BUESL

Hempe %' bR e 4k 13+ HGI () 4% 1k 6] 19 J7
T AR HE TSR A SRS v, SR, ARSI AEAE
— B JRRRE . B, AR AGE N T A R R,
AN IS R R S5 R T REAE A 2500 . BRARTESK
P BT R TR I (HATSAS R 58 4 T B I 22
AN, AW 5E A HE— 2 W58 HGL 78 ADHF 34 h
S5 HbATe HLAT B @ i BOAN {8, 31X 75 B2 76 KOk
PRI SR R4 T B8 22 A 5CHE 43 AT

M2, HGL 5 ADHF B3 2 HIET- 5.0 %
T BB /DA G T 5 MACCE 19 % 4 656, HGL Af
ek ADHF (835 0y s 2= il 42 k48 2 =% 1)
T ADHF J835 Il R HE
S EI
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