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Relationship between the glycated albumin to glycated hemoglobin ratio

and all-cause mortality in patients with metabolic syndrome
LIU Zao-ling, TANG Yi-le, SU Jin, YANG Zi-sen
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Abstract: Objective To analyze the relationship between the ratio of glycated albumin to glycated hemoglobin (GA/HbAlc)
and all-cause mortality in adults with metabolic syndrome MetS. Methods This study is a retrospective cohort study utilizing
data from the National Health and Nutrition Examination Survey (NHANES) and the National Death Index (NDI) from 1999
to 2004. A total of 1 497 eligible participants were included and followed up until December 31, 2019. The relationship
between the GA/HbAlc ratio and all —cause mortality in MetS patients was assessed using Kaplan—Meier survival curves,
multivariable weighted Cox regression, and restricted cubic splines. Results Among a weighted population of 55 224 898
eligible individuals with a median follow—up of 16.3 years, there were 501 cases of all —cause mortality. Participants were
divided into three groups (T1, T2, T3) based on weighted tertiles of the GA/HbAlc ratio. After adjusting for covariates, a
higher GA/HbAlc ratio (T3) was associated with an increased risk of all-cause mortality in MetS patients compared to the
lowest tertile (T1) (HR=1.335, 95%CI: 1.010-1.772). The restricted cubic spline analysis also revealed a non-linear “S”
shaped relationship between the GA/HbAlc ratio and all —cause mortality (non —linear P<0.05). Subgroup analyses (all
interaction P>0.05) and sensitivity analyses (HR=1.344, 95%CI: 1.014-1.783) showed similar results. Conclusion There is a
non-linear association between the GA/HbAlc ratio and all-cause mortality in patients with metabolic syndrome, with higher
GA/HbAlc ratios linked to an increased risk of all-cause mortality in these patients.
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Table 1  Baseline characteristics of patients with MetS grouped according to weighted tertiles of the GA/HbA1c ratio in NHANES, 1999—
2004 [(x+5),n(%)]
o - GA/HbATc FLIEINEL -y i By 41 >
fibs Bt n=1497) T1(n=366) T2(n=504) T3(n=627) FrHI (] Pii
NG 55224 898 18 482391 18334 558 18 407 949
AR () 49.53 +15.84 4391 +£15.25 4926 + 14.63 55.45 + 15.50 135.74 <0.001
BMI(kg/m?) 33.36+7.25 37.27 +7.66 32.85+6.73 29.94+5.18 229.32 <0.001
53 5.461 0.007
Bk 696(50.64) 195(58.72) 225(45.71) 276(47.43)
7 801(49.36) 171(41.28) 279(54.29) 351(52.57)
LA 2.440 0.033
BIRE 417(7.65) 129(9.15) 123(6.79) 165(7.00)
HAbPGHE A 59(5.08) 19(6.54) 152.91) 25(5.77)
E[FUEI N IEUN 791(76.07) 178(77.10) 290(78.57) 323(72.54)
BTN IN 190(7.44) 36(5.80) 61(7.01) 93(9.50)
HAlb 40(3.76) 4(1.40) 15(4.71) 21(5.19)
HERE 2227 0.085
FPRLLF 541(22.70) 149(25.95) 151(16.15) 241(25.94)
e R R S 373(29.20) 88(29.57) 134(30.81) 151(27.24)
KR 583(48.10) 129(44.48) 219(53.04) 235(46.82)
B IEAR L 3.884 0.007
AU 152(12.41) 47(16.10) 58(12.93) 47(8.19)
s s R 970(67.24) 240(68.64) 327(66.35) 403(66.73)
B el ey s 375(20.34) 79(15.26) 119(20.72) 177(25.07)
FREWA 1.636 0.182
ik 265(12.30) 70(11.25) 86(11.36) 109(14.27)
H 636(36.70) 162(39.49) 189(32.71) 285(37.89)
[ 596(51.00) 134(49.26) 229(55.93) 233(47.84)
U TRINIA 0.969 0.413
PRI AR 763(51.74) 191(54.59) 240(48.12) 332(52.47)
TR 458(27.70) 106(26.19) 149(27.57) 203(29.36)
A 276(20.56) 69(19.22) 115(24.31) 92(18.17)
AN 2510 0.088
& 934(66.43) 125(71.06) 327(65.52) 366(62.68)
7 563(33.57) 241(28.94) 177(34.48) 261(37.32)
A R 10.319 <0.001
= 145(8.45) 21(4.28) 39(7.61) 85(13.46)
i 1352(91.55) 345(95.72) 465(92.39) 542(86.54)
JE L e 128.696 <0.001
5 1 129(67.43) 160(29.16) 448(90.49) 521(82.89)
& 368(32.57) 206(70.84) 56(9.51) 106(17.11)
ML S 46.253 <0.001
2 1 038(68.97) 302(87.26) 290(54.05) 446(65.48)
i 459(31.03) 64(12.74) 214(45.95) 181(34.52)
MR 42.240 <0.001
2 535(28.11) 66(10.89) 190(33.75) 279(39.77)
5 962(71.89) 300(89.11) 314(66.25) 348(60.23)
TG % 30.107 <0.001
2 1 097(77.49) 322(91.86) 355(71.95) 420(68.59)
75 400(22.51) 44(8.14) 149(28.05) 207(31.41)
HDL 5% 53.994 <0.001
& 1 300(89.76) 351(98.15) 439(89.86) 510(81.24)
i 197(10.24) 15(1.85) 65(10.14) 117(18.76)
ARBET 501(24.25) 93(18.08) 136(20.89) 272(33.80) 13.774 <0.001




- 4228 -

PR B2 2% 2024 4545 51 445 23 ] Modern Preventive Medicine, 2024, Vol. 51, NO. 23
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FET-ZZ AR OCHK . TEARAL IEVFEIR AR R ), 5

T1 ZHAHLL, T2 40 (HR=1.383,95%CI:1.012 ~ 1.888) 7l
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TS R o AERIE AR HERIRIR RS T2 405 T1 4
AH LR 4 RLAE T RURS: AN P I (HR=1.052,95%CI:
0.791 ~ 1.397), i T3 LA PRBET- KE N 40.4%
(HR=1.404,95%CI:1.061 ~ 1.858), 7EX}FTA I 1EIR 24
HMZEMATEIE, 5 T1 4, T2 2 HET- K
W ATk A 3 2% 5% (HR=0.996, 95% CI: 0.741 ~
1.339),T3 41 (1) 4= K 38 7 KBS FH 5 T 33.5% (HR=
1.335,95%CI:1.010 ~ 1.772).,

¥ GA/HbAle WABAE R ELLEFR bR HE T 530 7R
R IEEAE TR Z N Z i, GA/HbA 1 HAE S 4 RAE
TR (HR=1.276,95%CI:1.118 ~ 1.456)F XU 14 fin i 3%
FHOC . WP TEIRZ R TR Je |, XA O gt it
242 Y (HR o 1=1.146,95%CI:0.984 ~ 1.335; HR iy 5=
1.082,95%CI: 0.931 ~ 1.257), Z5H 13 2,

Fz 2 GA/HbAlc tH 52 FBET RIS

Table 2 Association of GA/HbAlc ratio with all-cause mortality

T 1 i) I 3
GA/HbAlc F{E PiE PAi PiE
HR (95%CI) HR (95%CI) HR (95%CI)

GA/HbAlc [LIH

i - 1.276(1.118 ~ 1.456) <0.001 1.146(0.984 ~ 1.335) 0.079 1.082(0.931 ~ 1.257) 0.300
(A5 i)
GA/HbAle HAE
(AR H
T1 ZR S S
T2 1.383(1.012 ~ 1.888) 0.041 1.052(0.791 ~ 1.397) 0.729 0.996(0.741 ~ 1.339) 0.978
T3 2.363(1.743 ~ 3.203) <0.001 1.404(1.061 ~ 1.858) 0.018 1.335(1.010 ~ 1.772) 0.046
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Z AR AR A SE R LM P<<0.05), MetS & 14
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W0 E T S (HR=1.003,95%CI:1.001 ~ 1.005), 4
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Figure 2 Restricted cubic spline model for the associations

between GA/HbA 1¢ ratio and all-cause mortality
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FUERER 2 58 A IEAR G Gt X (P<0.05).
ZHAEA MR B AR S R A BMI 5
GA/HbAlc HLEBA TS ML EAEH (i 28
HAER P>0.05). 7EHERR TRV —ENSET Z I
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3 it it
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PREE—B0 B 0R T 45 SRR . SR, Mk — 2
BUMENRRNERE R EEES T2 454K
FET- R Z AN RT3, T T3 42 3 3
EESE A S TE Y P NS R
GA/HbAle HAEAE Ry % 22748 g ARIRIR , 5 4 [
FET- () RBRA TCGE T2 S IR —B 45 5]
REX W] GA/HbALe IWIE S5 CIHEE G AR B 1 2 5
TS Z M R BN 2%, WRBAAAEIRZMC R
h T BRI A 2R OC R AR I T BRI S 7 R

SO0, G5 260 GA/HbA le HUfl 54 BT X 22
AETE“S" ARG e e R . A ERE R, R
HHATEKA X T GA/HbAle HH S MetS B #4H
FET- R Z A R DN AS 5T A8, (0 EL A Ao
W GA/HbAle HLAE T+ 5 36 B S A MAT NAFLD
FREOR A RBET RS A 6.

1.64 (1.10 to 2.45) 0.015
0.96 (0.57 to 1.62) 0.870
1.65(1.38 0 1.97) <0.001

W4 K HR (95%CI) Pl REERPE
FHR(S) : 0.442
20~39 302 ———————— 147(0.74102.92) 0.277

40~59 492 —_— 1.30 (0.86 to 1.97) 0.205

>60 703 o 1.10 (0.94 to 1.28) 0.245
PRI : 0.985
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'S 801 §—— 1.56 (1.25to 1.95) <0.001
Fiiige : 0.423

59 ——

SV T Po——

EPEBEFAEA 190 = 166(1.04t0266) 0.034

Sl Fhise 40 —=———— 1.24(0.47 0 3.30) 0.668

BMI(kg/m?) : 0.142
E3 135 i — 1.17 (0.82 0 1.66) 0.391

i 521 d— 1.16 (0.91 to 1.50) 0.235
A 841 [ — 1.62 (1.29t0 2.04) <0.001
711 1 1T 1 1
0051152253

3 WA GA/HbALe HE S A RIET- 2 [ #)56 R

Figure 3 Forest plot for subgroup analysis of association between

the GA/HbA 1¢ ratio and all-cause mortality

&3 HEBREEVIE —4F ST ZIAH 5 GA/HbALe LE S 2T A C R

Table 3  Association between GA/HbA ¢ ratio and all-cause mortality after exclusion of MetS patients who died during the first year of

follow—up
AR | R 2 (L]

GAMbALe AL HR (95%CI) Pi HR (95%CI) Pl HR (95%CI) Pi
GA/HbAlc WAHGESZERL)  1.275(1.117~ 1.445) <0001  1.141(0.978 ~ 1.333) 0.094 1.076(0.924 ~ 1.254) 0.346
GA/HbAlc B (532745 i)

T1 S8 S8 S8

™ 1.396(1.025 ~ 1.902) 0.034  1.057(0.798 ~ 1.401) 0.698 0.999(0.743 ~ 1.342) 0.993
&) 2397(1.769~3248) <0001  1.418(1.074 ~ 1.872) 0.014 1.344(1.014 ~ 1.783) 0.040

SERTHFIE CESE GA 7KF-F HbALe {H T 2314
InA BT B RUE-2, AT RERHLEI N R 1%, 8
P IS ) —Fh R E YW EE B8, B )
(A oA ARG A, SR, 8 A B
FH & U FLAE Y RES B R0% , NS T 25549, H
HE I BE AL AR T R SO B, 3 7E R L L
eI B G, 51 R T W 2 EE R,
HWR, HEE H L R R 2 2T Y 10 75, ff
5B AR KT B AR Al M FUERRS ) 523K GA /K F- 1
. BEAb, A 3h 238 AL N O S BT 4 i
A S P AR HbA Le /K, W37 R &
33 GA/HbAle HMH ETF. GA AT LUl i/ MG 4k
IR ALY AT 358 568 0 A4 T2 Sl -4 ) 240 %o 0 28 A 11
PR 25 IR B Bl . e, GA I U
FACLT W) (AGES) TR BT, AGEs BEUE UG 4
G, WA N R, - S A 0 3h Kk B 4 AN i
HERR TR, I s ik ok R A A 1) 1 AR

AWF5E BA — e AT R R . %%, IF5E R

T NHANES By &2 B Z A mbe %, it T
FEAIR R . K AR AUV 04T T 45
B IFIE 432 AT AU A BT, B 5R T E SR
SRR . MR PSP —BE R BRYE . 10,
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