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Abstract: Objective To investigate the association between trigyceride glucose index — body roundness index (TyG-BRI) and
the risk of stroke in middle—aged and older adults using the CHARLS database. Methods This study conducted a longitudi-
nal study using CHARLS data from 2011 to 2020. The TyG index was calculated from baseline fasting blood glucose and
triglyceride levels. TyG —BRI was developed by integrating the TyG index with baseline waist circumference and height.
Stroke was identified through follow—up questionnaires. After imputing missing data using MICE, we analyzed the data by
stratifying TyG—BRI according to quartile levels and conducted Kaplan—Meier survival curve analysis. Meanwhile, a multi-
variable Cox proportional hazards regression model was used to assess the association between different TyG—BRI levels and
the risk of stroke. Restricted cubic spline (RCS) analysis was employed to examine the dose—response relationship between
TyG-BRI and the incidence of stroke. Finally, subgroup analyses and interaction tests were performed to explore the hetero-
geneity of the association between TyG-BRI and stroke among different populations. Results A total of 7 709 individuals
were included in the longitudinal study throughout the entire follow—up period, and 536 developed stroke. Both Cox regres-
sion and Kaplan—Meier analyses showed that higher TyG-BRI levels were associated with increased stroke risk. Using the first
quartile (Q1) as reference, the fully adjusted model (Model 3) showed significantly elevated risks for Q2 (HR=1.39, 95% CI:
1.04-1.86), Q3 (HR=1.70, 95% CI: 1.28-2.27), and Q4 (HR=1.75, 95% CI: 1.28-2.40). RCS analysis revealed a linear relation-
ship between TyG-BRI and stroke risk with an overall positive trend. Subgroup analyses did not identify any factors indepen-
dently associated with stroke. Sensitivity analyses confirmed the robustness of these findings. Conclusion TyG—-BRI shows po-
tential as a useful indicator for early detection and prevention in stroke risk management.
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Table 1 Baseline characteristic of the study participants [(xxs), n(%)]

AF i it 0141 Q3 41 04 41 P
n 7709 1928 1927 1927
() 59.16 +9.40 59.16 +9.45 58.66 +9.26 58.88 +9.42 59.92 +9.45 <0.001
51
Tk 4 047(52.50) 610(31.64) 905(46.96) 1 106(57.39) 1 426(74.00) <0.001
FE 3 662(47.50) 1 318(68.36) 1022(53.04) 821(42.61) 501(26.00)
HHKF 0.006
LY 6 961(90.30) 1 739(90.20) 1 722(89.36) 1722(89.36) 1778(92.27)
LY 748(9.70) 189(9.80) 205(10.64) 205(10.64) 149(7.73)
U] <0.001
& 4 659(60.44) 824(42.74) 1077(55.89) 1 258(65.28) 1500(77.84)
2= 3 050(39.56) 1 104(57.26) 850(44.11) 669(34.72) 427(22.16)
R <0.001
i 5091(66.04) 1 085(56.28) 1 192(61.86) 1331(69.07) 1 483(76.96)
= 2 618(33.96) 843(43.72) 735(38.14) 596(30.93) 444(23.04)
e I HE <0.001
w 6 118(79.36) 1 734(89.94) 1 646(85.42) 1 490(77.32) 1 248(64.76)
= 1 591(20.64) 194(10.06) 281(14.58) 437(22.68) 679(35.24)
BHIRIE <0.001
Fa 7 357(95.43) 1 895(98.29) 1 878(97.46) 1 826(94.76) 1758(91.23)
2= 352(4.57) 33(1.71) 49(2.54) 101(5.24) 169(8.77)
2 <0.001
1w 7 173(93.05) 1 848(95.85) 1811(93.98) 1773(92.01) 1 741(90.35)
& 536(6.95) 80(4.15) 116(6.02) 154(7.99) 186(9.65)
BRI 4.19£1.33 2.68 +0.43 3.62+£0.32 451 +0.42 5.95 +0.90 <0.001
TG 8.66 + 0.66 8.28 + 0.50 8.53 +0.53 8.74 +0.57 9.11 +0.70 <0.001
W45 & (mm Hg) 129.95 +21.23 124.36 + 19.86 127.11 £ 19.86 131.17 £21.12 137.16 +21.83 <0.001
FF5KE (mm Hg) 75.54 +12.08 72.64 + 11.66 74.12 + 11.90 76.39 + 11.83 79.00 + 11.96 <0.001
BMI(kg/m?) 23.33+3.73 20.01 +2.15 22.12+£238 24.11 +2.46 27.09 + 3.47 <0.001
AN T4 (10°/L) 6.28 +2.24 6.12+1.91 6.25+3.07 6.24 +1.83 6.51+1.88 <0.001
MCV(fL) 90.69 + 8.58 91.36 +9.35 90.99 +9.01 90.52 + 8.27 89.88 + 7.49 <0.001
I/ (10°71) 211.51 £72.87 208.03 + 73.31 213.08 + 72.07 209.19 + 71.66 21575 +74.21 0.003
R 2 (mg/dD") 15.77 + 4.59 16.24 + 4.64 15.84 + 4.88 15.61 +4.43 15.40 + 4.37 <0.001
IHE (mmol/L) 6.09 £2.01 5.63+1.31 5.87 + 1.66 6.11 +1.88 6.74 £2.72 <0.001
WLEF(mg/dD) 0.78 £0.24 0.80+0.18 0.79 £0.23 0.78 £ 0.33 0.76 £ 0.19 <0.001
e JIE [ 5 (mg/ ) 193.59 = 38.00 183.52 +35.59 191.06 + 35.94 196.01 + 37.39 203.76 +40.04 <0.001
H il =7k (mmol/L) 1.42 £ 1.05 0.97 +0.54 1.21 £0.68 1.47 £0.90 2.05+1.49 <0.001
HDL(mmol/L) 1.34 £ 0.40 1.52 £0.41 1.41 £0.39 1.29 £0.36 1.16 £0.33 <0.001
LDL(mmol/L) 3.03+£091 2.84 £0.82 3.02+0.83 3.13+0.90 3.13+1.03 <0.001
CRP(mg/L) 2.67 £7.50 2.56 + 8.60 2.60 +8.29 2.67+752 2.83 +5.09 0.699
HbA1c(%) 5.25 +0.80 5.10 £ 0.56 5.16 +0.68 5.26 £0.79 5.50 +1.03 <0.001
SRR (mg/dI) 446 125 439+1.20 438+122 448 +1.30 457+1.26 <0.001
MLET 2 A (g/dl) 1436 +2.23 1429 +2.15 1434 +2.20 1434 +2.29 14.47 +2.28 0.084

FE RZEEN 1mg/d1=0.357mmol/L; JIUFF A 1mg/d1=88.40umol/L; A NFEELY 1mg/dl=0.025 9mmol/L; A 1me/d1=0.059 Smmol/L.
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XU B8 A 15% (HR=1.15,95% CI:1.03 ~1.27), ¥
TyG-BRI # P44 (i 5080 53, 5 Q1 4iAH H, Q4 4L 7E#
Y 3 v g A i A v B AU 3 75% (HR =1.75,95%
CI:1.28 ~2.40) ., Fil— 14k TyG-BRI X fiizs i &
Az AU R TN Ak i , 25 i B R PR ROC 2k, 4521
7R TyG-BRI S B2 3.5.7 F1 9 4F By i 2= &
AR AUC 4359104 0.621.0.653.0.679.0.761, 55T
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Figure 1 Comparison of stroke case number and cumulative incidence across TyG-BRI groups
Fz 2 TyG-BRI 5% Cox MY
Table2 Association between TyG-BRI and stroke in the Cox regression
TyG_BRI model 1 model2 model3
HR(95%CI) PAH HR(95%CI) PH HR(95%CI) PAE
Q1 1.00 (Reference) — 1.00 (Reference) — 1.00 (Reference) —
02 1.46 (1.10 ~ 1.95) 0.009 1.51 (1.13 ~ 2.01) 0.005 1.39(1.04 ~ 1.86) 0.025
03 1.97 (1.50 ~ 2.59) <0.001 1.99 (1.51 ~ 2.63) <0.001 1.70 (1.28 ~ 2.27) 0.003
Q4 2.39(1.84 ~3.11) <0.001 2.31(1.74 ~ 3.07) <0.001 1.75 (1.28 ~ 2.40) 0.004
RN L AREZ 1320122~ 1.42) <0.001 127 (1.17 ~ 1.39) <0.001 1.15 (1.03 ~ 1.27) 0.009

1 cmodel I AR VA AF Fimodel2 J%E T JREEAERE Kok R /KT AR AT 5 10U OB PRI s model3 7E model2 JERH RS T Y48 1K . (403 T

BMCV /ISR B UL L H M =88 \HDL \LDL . HbAlc JRR .

2.4 TyG-BRI 5 fm& b 2 a4 3k Kbk st m b7 It
TR AR 2T U e/ N s D0 Bl S R ot EE DL, 2

B3 A A E RCS M4k, K5 TyG — BRI HN4<
PR RS AAEAE MR . R R, & 2k
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MR ARG E RN B3 (P for nonlinear=0.053 ),
MR HE I TyG-BRI 7K 5 i 26w XU =22 7] 5

IEAAZR (P for overall<0.05), LI 3.

SR E

2.6 HEMSHT ABFGER UG P VB T
JEME AT o TR RO AR £ A A A v XL
RS TSRS, AT PFor AT 104 DERCCREHME 0.2),
VERC 5 A A b 529 A AERG A< 2 2 085 A, PR
FELRFRAE IR B (SMD<<0.1) . [ UEHL S Cox 43
Mrii R, 5 TyG-BRI Q1 ZHAHH , Q4 275 KU B 2%
THE (HR=1.76,95% CI: 1.18 ~ 2.61,P=0.005) .

AHF5T T CHARLS 308 JE 2011—2020 4E 1)

5
& o
[
T imem RE -
1 : 3year  Syear , Tyear Oyear $8BHVIIES 3.5.7 A1 9 4F;A i TyG-BRI; B 4 BRI; C A TyG.
B 2 TyG-BRI. BRI Al TyG TN & i = i i AR ROC ik
Figure 2 Time—dependent ROC curves of TyG-BRI, BRI, and TyG for predicting new—onset stroke
Nonlinear=0.053
20k p for overall < 0.0001
= 1.5F
]
5
@A = = = = = = o = oo S S _
=
TyG-BRI = 34.56
05F (HR=1)
3 it
0.0F
2“5 50 7‘5
TyG-BRI

B 3 TyG-BRI SiZerf 2z [l AR LM 430t

Figure 3 Nonlinear associations of TyG—BRI with stroke incidence

2.5 TyG-BRI 5 fx & ¥ Z A ¢ LA 54  TEAIH
BMI A BRI i ML W R AR 46 IV 26 73 B 43 )2
W, SRR TyG-BRI 5 A o XURS: (1438 EAE )
TG it2gE X (P for interaction>0.05 ) o P4 51V 2H F 528
HAVERFESG T2 L (P for interaction<<0.05) ,{HZ:
Bonferroni Z EAINALIESS , A HAEH MG FE X
WA R (FEIE P for interaction=0.19) ., ULK] 4,

W ZEFEEPER HR(95%CI) PR
s 0032 >——— 1.00(0981.01) 07
B —_—— 1.02 (1.00-1.04)

BMI<24 0.088 -_— 1.02(1.00-1.03) 0.021
BMI=24 P 101(099102) 0444
FREH 0641 —— 1.01(1.00-1.02)

HREM 0.99 (0.96-1.03)

FRME o677 —_— 101(1001.03) o002
FRME _— 1.00 (0.98-1.02) 0936
R 0.150 —_— 1.00(0.99-1.02) 0568
[T} ¥ 1.02 (1.00-1.04)

B ] 0299 —_— 1.00 (0.99-1.02)

il 1.02 (1.00-1.04) 0053

PE—— e
0.97 0.98 0.99 1.00 1.01 1.02 1.03 1.04 1.05
HR

4 TyG-BRI 53 A ik b 2 18] ) 20 73 B S S B AR

Figure 4 Subgroup analysis and interaction effect evaluation of the

0.95 0.96

association between TyG-BRI and risk of new—onset stroke

i BdE, 95T TyG-BRI $5 805 rh [H v &4 A
AT R R U Z T e R o A5 2R 3R, TyG-BRI 7K
-5 A XU 2 R A OG . AER R 2R AR T
o7 2 S AT EUBME 3 T L ORI R A it
TyG F8EUAER =3 SESER) IR A8 hR, 7
ZIE o, S s ko AR Ak DL S Z2 Fhors i 79
g, A | P RIS Co | FAE AR ST IR0, [
A T 5 B Ty G 8 B9tk 55 5 i 26 vh Z2 304 ) B 11
PREE Ry B UTAR O , A 45 I A= A7 R B AR A R BE T
R R ARG A A R KB, TR AT DAE 4 B R
i SN, ek 553 1 Ay 2R ORI Y IR G P B, DT
S Bh kR FERE AL K B BT B, R AT A B
IR W] RSt A fbis s, FEUE RM B> T ok R
R R o B Rk X I/ N ARG B SR A A
SN, AR IR SE A PI3 - K A2  SHE A
B ENAEIE , AT AR S0 ke S e, R AL AT
eSS TN R A R T
TyG FEEUS BMIM RS A LG 2 B il
FRRTAC I 95 A7 58 v 0 0 i . AR AT 2Bt
58 R I TyG (AUC:0.545) 7 I &% GE AL T 166 & 48
Fr TyG— FE] TyG-BMI (AUC {84354 0.536.0.528)
U, B b AR 25 S R IR R T BEAE T, 78 BMI R
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B AFAE S PE, IS TyG H8 BOH g a0
NG I (O TR BE 7 o BRI 2 24 Aif— s A A
HIEAR, TETINARNR R AN BRI 4V 43ty T
FHEEF BMI FIE A B B A R4 . AW &,
TyG-BRI 7 BE 7 BB B P, S0 2L B8 2 0 5 , an b
Vi 9 4F AUC ik 0.761, i [R5k 1] TyG #1 BRI
) AUC A 0.703.0.657. LI 55 %I, BRI 5 ZFf
PP 11 & AE X DIRE G, AL A R O I A5 92
o FIT 285 B Jfn g 2520221 PN Ok i oy 4 AR S 0T 1 4R Y
T, A1 4 20 B PR - 7K ST 45 35, g 0 PR3 0 2 ) 46 P
2, A A R . AR 9T R A TyG-BRI PU43
PLBGHAT Cox A 734, 25 3 R TR B[R] R 2%
A Je FEARWAEA Tk, {H TyG-BRI T3 i A<
K AU B IR ST FE R N 2 (P<<0.05) o [ AR R0 2
AL 3 1 Q4 55 Q3 BN AHXIHET-, nTRES kA
FORB A EEAR G, A% LDL Al fe S350 55 15 & 1
SRR R . RCS A 045 55329, TyG-BRI
5 17 e AU 2 Tl AR L o6 RN B 3, M =22 [
MHA L IEA G . Wang SECIAGAF 5T 45 S R FESE
TyG-BRI FLCofii 1 457 KU A AE Ll OCHK, X — & 81
SARMFFR G RANG ;. SR10, FIT I R — T
TyG-BRI A EL A AU I S, 1T AS B 5 D0 B Ay 13X
— R, A R KU PEAS SR AL T S #  2%
i

AWFFIHAAE T BARFEA I AR B A RN
BEACTRME , AR 2R 2 TR v 2 AR A b BT A
SRAEFPE S S ME . HR, O T m 8 o
B, RS DRI TR 9 S 3 AT e e — 3 TR R SR DG &R
ABAFE— R R, EEAHE LA i H—,
SRR bR e — A5 X 43 iR 2 r ) ELAAR I R (et
PR AR PR A ), XELLA BT TyG-BRI 5 A
[F) IV 250 i 7 v JRUBS: ) I 25 5 o L AR i ok
V5 [UBE AL, B2 AR AT 0B i fay wE LA 58 43k b
FIREXTZE SR e A S, H = R 2 A AR
PR B AE AT AR, e LA R PR AT BRI A
H FTE AR A R 2 (BT AT BB A7 7 38t T e b AH SR 2y

Zg IRk, A TyG-BRI 53 E i B4R A%
XU ST ARG, SR HE BMI IE & {EA7-AE P PR
JHE A B T R TR U ) RO s fE B
RIS AT RAEAELT 2 phs
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