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Abstract: Background With the accelerated aging of China’ s population, multimorbidity has become a major health
challenge for middle — aged and older adults, placing higher demands on clinical care and health management systems. Obesity
and insulin resistance are common pathophysiological foundations for multiple chronic diseases. However, there is a lack of
large — scale prospective studies systematically evaluating the combined effects of the triglyceride — glucose (TyG) index,

traditional obesity indices, and novel obesity indices on the risk of multimorbidity. Objective To investigate the impact and
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predictive value of the TyG index combined with traditional and novel obesity indices on the risk of multimorbidity, providing a
scientific basis for early identification, risk stratification, and precision nursing interventions for chronic disease comorbidity.
Methods
to 2020, this study included 2 574 middle — aged and older participants aged 45 years or older without chronic diseases at

Based on prospective cohort data from the China Health and Retirement Longitudinal Study ( CHARLS) from 2011

baseline. Traditional and novel obesity indices were calculated, including body mass index ( BMI), waist circumference
(WC), waist — to — height ratio ( WHtR), weight — adjusted waist index ( WWI), a body shape index ( ABSI), body
roundness index ( BRT), and Chinese visceral adiposity index ( CVAI). Additionally, the TyG index and its derivatives
combined with obesity indices (e. g , TyG - WC, TyG — BRI) were calculated. Cox proportional hazards regression models
were used to analyze the associations between these indices and the risk of multimorbidity, while restricted cubic spline analysis
was employed to examine dose — response relationships. Receiver operating characteristic (ROC) curves were used to evaluate
the predictive performance of these indices. Results  The overall incidence of multimorbidity was 57. 8% . After multivariate
adjustment, all obesity indices and TyG — related indices were significantly positively associated with the risk of multimorbidity
(P <0.05). Among these, WC showed the strongest association (‘hazard ratio [ HR] =1.39, 95% confidence interval [ CI] .
1.22 -1.57), followed by BMI (HR =1.26, 95% CI: 1.10 - 1. 43). The HRs for WHiR and BRI were both 1. 35 (95% CI .
1. 18 = 1. 54) , while the HR for CVAI was 1.28 (95%CI; 1. 12 —1.45). The TyG index alone was significantly associated
with the risk of multimorbidity (HR =1.21, 95% CI.; 1.06 —1.37) , and its combination with obesity indices further enhanced
the association; TyG — WC had an HR of 1.36 (95% CI. 1.20 —1.54), TyG — BRI had an HR of 1.33 (95% CI. 1.17 -
1.52), and TyG - CVAI had an HR of 1.29 (95% CI. 1.13 = 1.46). Dose — response analysis revealed that most indices
exhibited a nonlinear positive association with multimorbidity risk (all P for nonlinearity <0.05). ROC curve analysis showed
that among traditional and novel obesity indices, WHtR and BRI had the best predictive performance ( both AUC =0.560).
Among TyG derivatives, TyG — BRI had the highest predictive performance ( AUC =0.562) , followed by TyG - WHtR ( AUC
=0.561) and TyG - WC (AUC =0.558). The DeLong test revealed that only TyG — WHIR exhibited a significantly higher
AUC compared with TyG alone (P =0.038). Conclusion

more comprehensive assessment of multimorbidity risk in middle — aged and older adults. Compared with other obesity indexes,

The combined use of the TyG index and obesity indices provides a

TyG — WHtR and TyG - BRI demonstrated superior performance in risk identification, supporting their utility as practical
screening indicators in clinical nursing assessments and community health management.
Keywords : Multimorbidity; Triglyceride — glucose index; Obesity indices; Body mass index; Waist circumference; Cohort

study
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Table 1 Baseline characteristics of the study participants

TyG 741
ALtk Bit(n=2574) Tertile 1 Tertile 2 Tertile 3
(n =858) (n =858) (n=858)

MR R (n % 1)

% 1085(42.2) 401(46.7) 356(41.5) 328(38.2)

2 1489(57.8) 457(53.3) 502(58.5) 530(61.8)
R (% ,n[ % ])

<60 1748(67.9) 571(66.6) 587(68.4) 590(68.8)

>60 826(32.1) 287(33.4) 271(31.6) 268(31.2)
PR (n[ % 1)

5 1254(48.7) 481(56.1) 396(46.2) 377(43.9)

1320(51.3) 377(43.9) 462(53.8) 481(56.1)

JEAH (n[ % ])

ekt 1 682(65.3) 608(70.9) 547(63.8) 527(61.4)

o) 892(34.7) 250(29.1) 311(36.2) 331(38.6)
USRS (n[ % 1)

B 2310(89.7) 775(90.3) 768(89.5) 767(89.4)

HoAth 264(10.3) 83(9.7) 90(10.5) 91(10.6)
HEBRE([%])

TH 1141(44.4) 372(43.4) 385(44.9) 384(44.8)

I 549(21.3) 177(20.6) 183(21.4) 189(22.1)

W 594(23.1) 209(24.4) 189(22.1) 196(22.9)

&L 288(11.2) 100(11.7) 100(11.7) 88(10.3)
WA (n[ % 1)

AR 4 1553(60.3) 482(56.2) 532(62) 539(62.8)

TR A 872(33.9) 324(37.8) 282(32.9) 266(31)

AR AR 149(5.8) 52(6.1) 44(5.1) 53(6.2)
K (nl % 1)

% 947(36.8) 348(40.6) 308(35.9) 291(33.9)

B2 1 627(63.2) 510(59.4) 550(64.1) 567(66.1)
BMI(x +s,kg/m?) 22.85+2.88 22.11 +2.67 22.85+2.85 23.6+2.91
WC(x +s,cm) 82.68 +10.8 80.41 £9.51 82.74 £11.05 84.89 +11.29
WHIR (x +5) 0.52 £0.07 0.51 £0.06 0.52+0.07 0.54 £0.07
WWI(x +5) 10.94 £1.23 10.75 +1.08 10.96 +1.3 11.09 +1.29
ABSI(x +5) 0.08 +0.01 0.08 +0.01 0.08 +0.01 0.08 +0.01
BRI(x +5) 3.89 £1.32 3.54£1.14 3.92£1.32 4.21 £1.38
CVAI(x £5) 87.46 +42.77 60.33 £32.15 85.18 £37.79 116.88 +37.72
TyG(x +5) 8.57 +0.62 7.94£0.26 8.51+0.15 9.27 +0.44
TyG — BMI(x +5) 196.28 +31.31 175.68 +22.42 194.34 £24.82 218.81 +29.79
TyG - WC(x £5) 709.96 +115.22 639.02 +80.08 703.79 +95.74 787.09 +115.1
TyG — WHIR (x ) 4.49 +0.77 4.02 +£0.54 4.45 £0.65 4.99 £0.76
TyG - WWI(x +5) 93.84 +13.42 85.46 +9.2 93.25 +11.29 102.82 +13.31
TyG - ABSI(x +5) 0.7 +0.09 0.64 +0.07 0.7 +0.08 0.76 £0.09
TyG - BRI(x ) 33.53 £12.23 28.12+9.22 33.36 £11.33 39.12 £13.24
TyG — CVAI(x %) 765.68 £410.09 481.79 +259.83 725.75 £325.54 1 089.51 £379.67
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WHIR 4 fi% = 40 [A) B 5 XU 2 3% 15 A0 56 (HR 1. 35, 1.35,95% CI:1. 18 ~1.54) ,CVAI {45 &5 4175 . 7
95%CI;1.18 ~1.54) , WWI [yl RAERMH E BFIEME(HR:1.28,95% CI:1.12 ~1.45) , WL
SIEMOE(HR:1.27,95%CI:1. 11 ~1.45) ,ABSI il &: 2.

R2 LGRS b M 0 s XU, B DRI 2

Table 2 Associations between classical and novel obesity indices and the risk of multimorbidity

Model 1 Model 2 Model 3
HR(95% CI) HR(95% CI) HR(95% CI)

BMI

Tertile 1 1. 00 ( Reference ) 1. 00 ( Reference) 1. 00 ( Reference)

Tertile 2 1.05(0.93 ~1.19) 1.08(0.95 ~1.23) 1.09(0.96 ~1.24)

Tertile 3 1.21(1.06 ~1.37) 1.23(1.08 ~1.40) 1.26(1.10 ~1.43)
wcC

Tertile 1 1. 00 ( Reference) 1. 00 ( Reference) 1. 00 ( Reference)

Tertile 2 1.17(1.03 ~1.33) 1.18(1.04 ~1.35) 1.19(1.05 ~1.35)

Tertile 3 1.37(1.21 ~1.55) 1.37(1.21 ~1.56) 1.39(1.22 ~1.57)
WHtR

Tertile 1 1. 00 ( Reference) 1. 00 ( Reference) 1. 00 ( Reference)

Tertile 2 1.10(0.96 ~1.25) 1.11(0.97 ~1.26) 1.11(0.97 ~1.26)

Tertile 3 1.38(1.22 ~1.56) 1.35(1.19 ~1.54) 1.35(1.18 ~1.54)
WWI

Tertile 1 1.00( Reference) 1. 00 ( Reference) 1.00( Reference)

Tertile 2 1.06(0.94 ~1.21) 1.05(0.93 ~1.20) 1.04(0.92~1.19)

Tertile 3 1.35(1.19~1.53) 1.29(1.13 ~1.47) 1.27(1.11 ~1.45)
ABSI

Tertile 1 1. 00 ( Reference) 1. 00 ( Reference) 1.00( Reference)

Tertile 2 1.20(1.06 ~1.36) 1.19(1.05 ~1.35) 1.18(1.04 ~1.34)

Tertile 3 1.31(1.16 ~1.49) 1.26(1.11 ~1.43) 1.24(1.09 ~1.42)
BRI

Tertile 1 1. 00 ( Reference) 1. 00 ( Reference) 1. 00 ( Reference )

Tertile 2 1.10(0.96 ~1.25) 1.11(0.97 ~1.26) 1.11(0.97 ~1.26)

Tertile 3 1.38(1.22 ~1.56) 1.35(1.19 ~1.54) 1.35(1.18 ~1.54)
CVAI

Tertile 1 1. 00 ( Reference) 1. 00 ( Reference) 1. 00 ( Reference)

Tertile 2 1.11(0.97 ~1.26) 1.09(0.96 ~1.24) 1.09(0.96 ~1.24)

Tertile 3 1.32(1.17 ~1.49) 1.28(1.12 ~1.45) 1.28(1.12 ~1.45)

1 : Model 1 ; TG4 #8725 & ; Model 2 ; TR BFFE AT Gk 1), 4E 8 () s Model 3 JHE RIS R LR 4RI () JE AT 4, BSWHAR 00 , B0 R, W, Tk

o

2.3 TyG R HEFEREAT £ 38 A7 5 1% M Jm 2 R & R R
19Xk I TE TyG S HNERERTAEFR A i 43 A v, 15528 3
IR RN TyG Fa 8 = — o0 4 5 1% 1 S0 & 0
DAL 5 5 TE AR (HR 2 1.21,95% C1:1.06 ~1.37)
TyG — BMI 5 8 4 9% 255 KU &2 b 3% 1E 48 ¢ (HR:
1.23,95% CI:1.08 ~1.40) ,TyG - WC ¥ & =541 518
P e KU 52 12 35 1EAH G (HR : 1.36,95% CI: 1. 20
~1.54) , 7 4 15 A= 46 br b QB 58 B . TYG -
WHIR [ 55 e 20 5 0% s g IXURS: I8 2 TEAH O (HR
1.32,95% CI:1.16 ~1.50) , TyG — WWI [ 5 &5 4l 75
FIH B2 IEAR S (HR:1.28,95% CI:1. 12 ~1.46) ,
TyG — ABSI %) fi i 41 52 1E A 5 (HR: 1.30,95% CI .
1.14 ~1.47), TyG — BRI (155 i 4 A A o 0 2%

TEAE(HR:1.33,95% CI:1.17 ~1.52) ,TyG — CVAI
4 B e 25 XU e 3 LE AR G (HR :1.29,95% CI:1.13
~1.46), W33,
2.4 HHAF B e SR AR TyG B 2 JE BEAT £ 45 AR
L5 MmERERRIEGF = - R %k % BRI
SETTRESRAT T N ARG e b (AR EE 4R 55 ) |
B HUE R bR I LG A VRIS R 2 AT S
A BHURIE PR A N E R D5 5500 518 1 e &
s XURG: =2 [A) X A7 7 i 2 R AR 2P T Il 5 i — S B %
% (all P for nonlinearity <0. 05, P for overall <0.05)
WA ~2,
TyG 850512 1A S 40 XU 22 [8) 7 7E . 3%
HFIE — ROV R o WU RE TyG 8 20 F i R4k
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Table 3  Association between TyG and its obesity derivatives with the risk of multimorbidity

Model 2
HR(95% CI)

Model 3
HR(95% CI)

Model 1
HR(95% CI)

TyG

Tertile 1 1.00( Reference)

Tertile 2 1.10(0.97 ~1.25)

Tertile 3 1.21(1.07 ~1.37)
TyG - BMI

Tertile 1 1.00( Reference)

Tertile 2 1.05(0.92~1.19)

Tertile 3 1.21(1.07 ~1.37)
TyG - WC

Tertile 1 1. 00 ( Reference)

Tertile 2 1.11(0.98 ~1.26)

Tertile 3 1.36(1.20 ~1.54)
TyG — WHtR

Tertile 1 1. 00 ( Reference)

Tertile 2 1.11(0.98 ~1.26)

Tertile 3 1.35(1.19 ~1.53)
TyGWWI

Tertile 1 1. 00 ( Reference)

Tertile 2 1.06(0.94 ~1.21)

Tertile 3 1.34(1.19~1.52)
TyGABSI

Tertile 1 1.00( Reference)

Tertile 2 1.09(0.96 ~1.24)

Tertile 3 1.36(1.20 ~1.54)
TyGBRI

Tertile 1 1. 00 ( Reference)

Tertile 2 1.11(0.97 ~1.26)

Tertile 3 1.37(1.21 ~1.55)
TyGCVAI

Tertile 1 1. 00( Reference )

Tertile 2 1.11(0.97 ~1.26)

Tertile 3 1.35(1.19 ~1.53)

1. 00 ( Reference)
1.09(0.96 ~1.24)
1.20(1.06 ~1.36)

1. 00 ( Reference)
1.06(0.93 ~1.21)
1.22(1.08 ~1.39)

1. 00 ( Reference)
1.11(0.98 ~1.27)
1.36(1.20 ~1.54)

1. 00 ( Reference )
1.12(0.98 ~1.27)
1.33(1.17 ~1.52)

1. 00 ( Reference)
1.05(0.93 ~1.20)
1.30(1.14 ~1.48)

1. 00 ( Reference)
1.08(0.95 ~1.23)
1.31(1.16 ~1.49)

1. 00 ( Reference)
1.12(0.98 ~1.27)
1.35(1.18 ~1.53)

1. 00 ( Reference)
1.09(0.96 ~1.24)
1.30(1.15~1.48)

1.00( Reference)
1.10(0.97 -1.25)
1.21(1.06 ~1.37)

1. 00 ( Reference)
1.07(0.94 ~1.22)
1.23(1.08 ~1.40)

1. 00 ( Reference)
1.11(0.98 ~1.26)
1.36(1.20 ~1.54)

1. 00 ( Reference)
1.11(0.97 ~1.26)
1.32(1.16 ~1.50)

1.00( Reference)
1.04(0.91 ~1.18)
1.28(1.12 ~1.46)

1.00( Reference)
1.06(0.93 ~1.21)
1.30(1.14 ~1.47)

1. 00 ( Reference)
1.11(0.97 ~1.26)
1.33(1.17 ~1.52)

1. 00 ( Reference)
1.08(0.95~1.23)
1.29(1.13 ~1.46)

1 : Model 1 ; TG % 75 & ; Model 2 ; TR BFFE AT G2k 3], AR 9 () s Model 3 JHE RIS X R AER AR H (%), Jo AT b, BSURAR 00 , 208 R, WA , TR

o

Hahn, HOZOCHER M ta 3, R3] 1 & R4
PEE#H (P for nonlinearity <0.001) , TyG 54t E+S
Brdi G A AT AR 5 -5 18 P i g 2 s XU 22 ] X 77
FEA0 2 0 AR 2Pk E 1) ) & - [ 6 &R (all Pofor
nonlinearity < 0. 05, P for overall <0. 05) , £ XU fi 2%
BEFE AR E Y T o S DL SRR R A TE R AR (B B 4%
G S Ceut — off ) J& , XU b TH i B8 580 3%

2.5 Hgdedt BIE MG AT TYG B2 e AT £ 35 47
I 3 R P 6 TR B ) FEAL G55 B A
FEREFE R f, WHER 55 BRI 7 ) 5% 7 A0 T30 24 R
HAUC ¥4 0.560, WC 5 CVAL Byl g J1 ik =z,
AUC {H¥24 0.556, BMI H1 WWI 1 Tl 54 e #2301,
AUC {E43520 0. 547 F1 0. 548, ABSI A Fii il & 7 4H
Xf Ak, AUC {54 0.533, Delong £ 36455 .o, 4%

AERETE AR5 BMI #H H, AUC 2R ¥ Lgil %2 X,
UL 3,

1 TyG S A E T brh, TyG — BRI Y Tl 24 6k
HefE, AUC {4 0. 562, Z3 845 50k 0. 110, X i (1) R
R 5 0 S Wl 42.6% F68.4% 5, TyG —
WHiR % B H f5, AUC {6k 0.561, 2y % 45 %0
0. 102, REUE SHES B4 3R 51. 5% F1 58. 7% ; TyG
- WC ) AUC {4 0.558, TyG — CVAI Jy 0.557,
TyG - WWI 5 TyG — BMI f AUC {4351 0. 554 Fi
0.553, TyG — ABSI #l TyG #5504 S (1) 1500 BE 7 AH XF
5555, AUC {4351k 0. 547 F10. 541, DeLong 46 35 4%
HLER L TyG - WHIR [ AUC B85 F TyG 7%
FR(P =0.038) , HoxfiiAdte b5 TyG M 2 %70
Gl E N, k4,
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Fig.1 Dose — response relationships between classical and novel obesity indices and multimorbidity risk
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Table 4 Comparison of predictive performance for the risk of multimorbidity among classical and novel obesity indices, and TyG and its

obesity derivatives

Hbr WL AGIN ABUE (%) RS (%) P

FBE R R fhs
BMI 24.078 0.079 34.7 73.3 -
WC 84.450 0.099 47.5 62.4 0.336
WHtR 0.536 0. 106 44.5 66.1 0.135
WWI 11.471 0.089 31.0 78.0 0.986
ABSI 0.080 0.067 71.3 35.4 0.340
BRI 4.055 0. 106 44.5 66. 1 0.135
CVAI 87.258 0.100 53.6 56.4 0.403

TG BSURRERT A fh
TyG 8.484 0.080 54.9 53.1 -
TyG - BMI 205.524 0.085 39.2 69.3 0.244
TyG - WC 717.687 0.094 49.0 60.5 0.073
TyG - WHIR 4.505 0.102 51.5 58.7 0.038
TyG - WWI 95.384 0.095 47.8 61.7 0.126
TyG — ABSI 0.733 0.091 36.6 72.5 0.514
TyG - BRI 35.818 0.110 42.6 68.4 0.083
TyG - CVAI 860.947 0.098 41.9 67.9 0.083

VE < DeLong Ky3: P (12754 H i 5 00 2 JRALCHESERATRIEBEIS B DL BMI ) B0, TyG T SUIRE AT 6B T5G B 0) g AUC 225 Lo i

G, =T FIRPINERR A BIVE R B LR 2 R
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Fig.2 Dose — response relationships between TyG and its obesity derivatives and multimorbidity risk
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Fig.3 ROC curves of classical and novel obesity indices, and TyG and its obesity derivatives for predicting multimorbidity risk
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