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Abstract

Background: This study examined the relationships between eight insulin resistance (IR) surrogate
indexes, including eGDR, METS-IR, TyG index and its variants (TyG-BMI, TyG-WH{tR, TyG-WC, TyG-
CVAI, and CTI), and liver disease risk in individuals with diabetes. It aimed to assess and compare
the predictive abilities of these indexes for liver disease risk, addressing the current lack of com-
parative studies in this area. Methods: Data from the China Health and Retirement Longitudinal
Study (CHARLS) were analyzed in this study. Multivariate Cox regression models were applied to
analyse the relationships of IR surrogate indexes with liver disease risk. The dose-response rela-
tionships between IR surrogate indexes and liver disease risk were explored using restricted cubic
splines. The areas under the curve (AUCs) of IR surrogate indexes were calculated by receiver op-
erating characteristic (ROC) analysis. Results: After adjusting for confounders, a unit increase in
eGDR was linked to alower risk ofliver disease (adjusted HR: 0.418,95% Cl: 0.222~0.787,P = 0.007).
Conversely, increases in METS-IR, CTI, TyG, TyG-BMI, TyG-WHtR, TyG-WC, and TyG-CVAI were linked
to higher liver disease risk, with adjusted HRs (95% CIs) 0f1.271 (1.047~1.542), 1.345 (1.077~1.679),
1.353 (1.105~1.657), 1.337 (1.114~1.606), 1.400 (1.104~1.776), 1.652 (1.278~2.136), and 1.534
(1.196~1.968), respectively. Dose-response analyses indicated a linear relationship between eight
IR surrogate indexes and liver disease risk. ROC analysis showed TyG-WC had the highest predictive
value for liver disease in diabetics (AUC: 0.651). Conclusion: The eight IR surrogate indexes were
associated with high risk of liver disease in individuals with diabetes. Among these, TyG-WC demon-
strated a moderate predictive ability for liver disease risk in Chinese middle-aged and elderly pop-
ulations with diabetes.
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Figure 1. Flowchart
E 1 wEE

22. =B

eGDR. METS-IR. CTI. TyG. TyG-BMI. TyG-WHtR. TyG-WC Fl TyG-CVAI it bA A it 5
5H:

BMI = {K#E/ &5 2, WHIR = JEF/ S5 ; eGDR =21.158 —0.09 x WC — 3.407 x &1l (L = Yes, 0 =
No) — 0.551 x HbAlc; CVAI (male) =—267.93 + 0.68 x F# + 0.03 x BMI + 4.00 x fE[H + 22.00 x log10
(TG) — 16.32 x HDL-C; CVAI (female) = —187.32 + 1.71 x i} + 4.23 x BMI + 1.12 x [E[F + 39.76 x
log10(TG) — 11.66 x HDL-C; TyG =In (TG x FPG/2); TyG-BMI=TyG x BMI; TyG-WHtR = TyG x WHIR;
TyG-WC = TyG x WC; TyG-CVAI = TyG x CVAIl; METS-IR =In (2 x FPG + TG) x BMI/In (HDL-C); CTI
=0.412 x Ln (CRP) + Ln (TG x FPG)/2.
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WS RO ER) . A FRE P NARZIL IEMEE « N R KL b BSWRIR G 2
IEANEADRA (BFE R B MRS, IISGE RMEN RET 7 A RE50805 1 R4,
B Sm . RE R SN KE. A2 55 EEa 20 8 P EIRIEKIMAE. 3
R BEIMAE . BEAL M LT &R (1 Ale, FIAUMTHE. MDA s LEE AN M5 R ER . B PRI 1672 W7 IE A 3 T
=ANJiTH: FPG. HbALc FlH ki % . 2 535 2 LA N 20 —IibrE RN 2 Wi i R I8 b > 126
mg/dL, HbAlc>6.5%, BilEH BAREAEIZE IR . ik F2 B e T =A~J7 1. SBP. DBP
MEWME. Z5FH LU T 20— DBbrqERI 2Ky m fLE: SBP > 140 mmHg, DBP>90 mmHg, &=
i) 25 B AL W e L

DOI: 10.12677/acm.2026.1641321 905 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1641321

MR A2, W

25. GWEHEE

AR R LI £ bRk R FRIR, 48 AR E DT B0 E 43 BU R IR o 20 18] BB AR 475 150 SR PR AT ¢ AGr 8
Mann-Whitney U #5684 R 75 k46 o 83 Cox E A XU [m] I AR AL P1-fi Fik 5 22 40 B A RAE 500 5 T D9 s XU
Z A RTE . FRATAIER 7 = Cox [aIEREAY . #EAY 1 AR AT RHE: BERY 2 A 7408, M. a5k
HE KN AR s B 3k — DR EE LR mE . AR R . B R . HbAle. B4
. MALEE . WUEARER . A8 B =AN15 RO PR 1 32 75 R 2 R ARG I &% 22 P48 B0 45 I s
ARG Z RN R - RV R R o GBI 2R TAERRIE i 26 VP Al MR B0 T ERE . LA P < 0.05 NZEFH
Gl R o HHATHAFE R (260 % 5U<60 )RR (55 M tth) 7 B LA 0 A, DALERFUIE LE (1 5 o 1 ok
. RS i R AT 4.4.0 kAT .

3. &R
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B RILGIN 1153 LHERE B . S5 FHER N 60.24 %, Hdh 627 4(54.38%) N Lk .
T LRIR TN B B LRHE . RS, 89 42 538 (7.7%) 2 A IR .
A, O (25.84% vs. 14.00%, P = 0.004) F1IfILf5 5 (38.20% vs. 18.23%, P < 0.001) K B K B & H 5 .
AL, FHR 4L ) BMI (26.29 vs. 24.55 kg/m?, P < 0.001) A% (93.20 vs. 87.89 cm, P < 0.001)¥) 2 # &
AR 4H - R eGDR 4b, JHHps 4 £ 3 1 Ho A JBR 8 22 AR B AT i W 35 T iy BT &, IR 411K METS-
IR. CTI. TyG. TyG-BMI. TyG-WHtR. TyG-WC Al TyG-CVAI # & EF & (Frf P<0.001). ), AF
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Table 1. Baseline characteristics of participants with and without liver disease

* 1 BANMKEMFRMRESSENELSHE

BA¥ i
A (n =}1\1£§3) To(n = 1064) A (n=89) Pvalue
fEWY, % (mean (SD)) 60.24 (8.92) 60.38 (9.04) 58.58 (7.24) 0.069
P51 (%) 0.278
LS 627 (54.38) 584 (54.89) 43 (48.31)
5 526 (45.62) 480 (45.11) 46 (51.69)
BSURIR YL (%) 0.542
oE 1020 (88.46) 939 (88.25) 81 (91.01)
HAth 133 (11.54) 125 (11.75) 8 (8.99)
T E TR (%) 0.686
RIATIEMEE 545 (47.27) 505 (47.46) 40 (44.94)
N 263 (22.81) 245 (23.03) 18 (20.22)
g 327 (28.36) 297 (27.91) 30 (33.71)
KRERULE 18 (1.56) 17 (1.60) 1(1.12)
JEAE HL(%) 0.64
e A} 474 (41.11) 440 (41.35) 34 (38.20)
¥ 679 (58.89) 624 (58.65) 55 (61.80)
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IR (%)
TP (%)
L9 (%)
72 1ML (%)
1 g 57 (%)
B2 (%)

BMI, kg/m? (mean (SD))

WC, cm (mean (SD))
FBG, mg/dL (mean (SD))
HbAlc, % (mean (SD))

Hb, g/dL (mean (SD))
WBC, 10°/L (mean (SD))
Cr, mg/dL (mean (SD))
UA, mg/dL (mean (SD))

eGDR (mean (SD))
METS-IR (mean (SD))
CTI (mean (SD))
TyG (mean (SD))

TyG-BMI (mean (SD))
TyG-WC (mean (SD))
TyG-WHIR (mean (SD))

TyG-CVAI (mean (SD))

314 (27.23)
372 (32.26)
172 (14.92)
626 (54.29)
228 (19.77)

83 (7.20)
24.68 (4.15)
88.30 (12.18)

161.10 (62.01)
6.25 (1.57)
14,52 (2.25)
6.48 (1.95)
0.80 (0.23)
4.55 (1.37)
7.92 (2.45)
40.88 (10.20)
9.49 (0.98)
9.32 (0.81)
230.67 (47.31)
824.50 (146.17)
66.33 (30.62)

1072.41 (467.11)

293 (27.54)
345 (32.42)
149 (14.00)
569 (53.48)
194 (18.23)
73 (6.86)
24,55 (4.13)
87.89 (12.26)
160.82 (62.10)
6.26 (1.56)
14.49 (2.21)
6.47 (1.96)
0.80 (0.23)
4.54 (1.36)
7.98 (2.45)
40.51 (10.00)
9.47 (0.97)
9.29 (0.79)
228.77 (46.42)
818.50 (144.73)
65.27 (30.34)

1054.62 (461.57)

21 (23.60)
27 (30.34)
23 (25.84)
57 (64.04)
34 (38.20)
10 (11.24)

26.29 (4.03)
93.20 (9.97)
164.48 (61.16)
6.16 (1.62)
14.92 (2.63)
6.64 (1.87)
0.80 (0.22)
4.58 (1.43)
7.19 (2.40)
4533 (11.53)
9.78 (1.02)
9.58 (0.91)
253.38 (52.02)
896.22 (145.02)
78.93 (31.41)

1285.13 (483.02)

0.497

0.774

0.004

0.07

<0.001

0.187

<0.001

<0.001

0.594

0.573

0.084

0.429

0.949

0.786

0.004

<0.001

0.004

0.001

<0.001

<0.001

<0.001

<0.001

H: HRBEL(n(%)RR, ESAEDBEGEGHEE)ER. 45: BMI, KEEL; WC, JEHE; FBG, MM
HoAlc, ¥E{LIMLIEAH; WBC, H4IMH%E; Cr, WLIEF: UA, JRER; eGDR, fhit#i#ifEi &2, TyG-CVAI, Hil
=R ERE - R AN IEAE RS TyG, HH =R - W& TyG-BMI, HIM =R - W&vE - MEIRE; METS-IR,

R S R ARPUAT

3.2. REFRTNBRIBY SRR XE

JBR 5 ZR AR DT B AR Hh 5 PR AR IR I s RIS 2 TR ) SR IR % 2 Pl o AE VRS T IR ETR R R =S,
B A i 5 2 P TR B0 5 e o R A 28R R B 35 Rk . BRI &, i — AN hr, RS X
Ky k4350 eGDR 2y 0.418 (95% Cl: 0.222~0.787), METS-IR 4 1.271 (95% Cl: 1.047~1.542), CTI Jy 1.345
(95% ClI: 1.077~1.679), TyG 4y 1.353 (95% CI: 1.105~1.657), TyG-BMI 4 1.337 (95% CI: 1.114~1.606),
TyG-WHIR 5 1.400 (95% Cl: 1.104~1.776), TyG-WC Jy 1.652 (95% Cl: 1.278~2.136), TyG-CVAI 4y 1.534

(95% CI: 1.196~1.968).
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Table 2. Multivariable Cox regression analyses of eight insulin resistance surrogate indexes with liver disease risk

F 2. \MRBERRNERERSFEAFRNENZEE Cox B[RS

Model 1 Model 2 Model 3
Variable

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

eGDR 0.712 (0.573~0.884) 0.002  0.711 (0.572~0.885) 0.002 0.418 (0.222~0.787) 0.007
METS-IR  1.406 (1.205~1.641)  <0.001  1.379(1.170~1.626) <0.001  1.271(1.047~1542)  0.015
CTI 1.344 (1.102~1.640) 0.004  1.335(1.091~1.634) 0.005 1.345 (1.077~1.679) 0.009
TyG 1.351 (1.120~1.630) 0.002  1.339(1.105~1.621) 0.003 1.353 (1.105~1.657) 0.003
TyG-BMI 1.441(1.247~1.666)  <0.001  1.426 (1.222~1.664) <0.001  1.337(1.114~1.606) 0.002
TyG-WHtR  1.540 (1.260~1.883)  <0.001  1.546 (1.260~1.897)  <0.001  1.400 (1.104~1.776) 0.005
TyG-WC 1.719(1.383~2.135)  <0.001  1.689(1.353~2.110) <0.001  1.652(1.278~2.136)  <0.001
TyG-CVAI 1.643(1.333~2.025)  <0.001  1.627 (1.315~2.014) <0.001  1.534(1.196~1.968)  <0.001

455: HR, KL Cl, BAFIXIH. BR 1. KRB, B 2. 6. PRI SSIROL. A ACE. RIRDL. PRIl
Rido B3 e MR BRI BOEZKT IR . DARDIRAL . OB . il o IR 7 B R
HbAlc. WBC. Hb. Cr. UA,

3.3 BREFRMABRIBYUSHERROTIE - REXHA

FRAVRFH BRI VL 7 RE 25 o0 AT 1) \AN R 5 22 R0 R AR 205 R o3 XS 2 [A] ) R - OB K &R o
w2 frow, ERESERRAERG, eGDR S5 ARG KU 2 41 A G (e o%HE P { = 0.017, JEZ
T P{E =0.669, € 2(a)). A2, METS-IR (2R P {H =0.041, FEZM: P{H =0.844, |5 2(b)). CTI(%&
SeHEPAH =0.029, FAEZkME P 1 =0.888, 4 2(c)). TyG (M xEEP{H =0.010, k£t PE =0.755, &
2(d))s TyG-BMI (1 5KE P {A =0.005, ekt P{H =0.955, [ 2(e)). TyG-WHItR (&6 P { =0.017,
JELR Pt P =0.791, & 2(f). TyG-WC(H3<Ek P fi <0.001, £tk P =0.601, 4 2(g))f1 TyG-CVAI
(BKEEP{E = 0001, JEZEM: P = 0.473, Kl 2(h)5HFIEG A 22 IEAC. RCS T gs S
Z AR5 Cox [HIH T 45 RIEA —FL.

3.4. TLRSHT

ONERFT\A B B FR ARG TR ACIR 05 M9 XSGz 2 1] F) SR BB AE A [R5 8 A ) S 21 P 5 A7 AV
f e, FATHEAT VRS . 45 RE 3 Fos. A )\ AN FE S R AN ) MU 41 o 3 R W ¢
B8 ML EAFH (A AL EAE- P E > 0.05).

3.5, BRBRTHUBRIEET I AR KU B UM RE

Bl 4 R 1 VAR )\ 9 AT B ARIR BE B 7 BA 51 o T 05 JRU: [X 43 i 0 9 32X ARy
TEMZR . LXK TTIX /36 J1(AUC = 0.5)INSH 2. Frf /\ME%1 ROC #2356 T1%4k EJ7,
B H B Rk B AT 22 1 I g ) . AUC BTG AL 0.589 £ 0.651. TyG-WC $5 41 AUC #%15(0.651),
H N TyG-BMI (AUC =0.649) . H 2 F5 #4% AUC %7 HEFIK KA : TyG-CVAI (0.639) \METS-IR (0.635)-
TyG-WHIR (0.627). TyG (0.600). eGDR (0.592)#1 CTI (0.589).
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(a) 4 P for overall =0.017 (b) 10 P for overall = 0.041
P for nonlincar — 0.669 P for nonlincar — 0.844
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Figure 2. Dose-response relationships between insulin resistance surrogate indexes and liver disease risk
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Figure 3. Subgroup analyses of the associations between insulin resistance surrogate indexes and liver disease risk
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Figure 4. Receiver operating characteristic curves of insulin resistance surrogate
indexes for predicting liver disease risk
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