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[ Abstract ]  Objective To analyze the correlation between triglyceride glucose index (TyG) combined with different
obesity indexes and new-onset ischemic stroke (IS) in 10 years in prediabetes population in Luzhou, Sichuan through cohort
study. Methods A total of 2 551 residents who participated in the epidemiological survey in Luzhou in 2011 and were
diagnosed as having prediabetes were enrolled. According to the quartiles of baseline TyG-waist circumference (WC), TyG-
waist to height ratio (WtHR), TyG-body mass index (BMI), and TyG-waist to hip ratio (WHR), they were divided into the
1, 2™ 3" and 4" quartiles groups (Q1, Q2, Q3, and Q4 groups). The incidence of new-onset IS in each group in 10 years
was analyzed. The relationships between TyG-WC, TyG-WtHR, TyG-WHR and new-onset IS were analyzed by multivariate
logistic regression. Results Among the 2 551 prediabetes subjects enrolled in the study, 123 died of various causes during
the 10 years of non-intervention follow-up, with a mortality of 4.8%; 142 had new-onset IS, with an incidence of 5.6%; and
224 had new-onset diabetes mellitus, including 22 also had new-onset IS, accounting for 9.8%. The quartile grouping analyses
of TyG-WC and TyG-WtHR showed that the incidence of new-onset IS in prediabetes subjects over 10 years was Q4 group>
Q3 group>Q2 group>Q1 group, with significant differences (P<<0.05). The quartile grouping analysis of TyG-BMI showed
that there was no significant difference in the incidence of new-onset IS (P>0.05). The quartile grouping analysis of TyG-
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WHR showed that the incidence of new-onset IS was Q3 group>Q4 group>Q2 group>Q1 group, with significant difference

(P<<0.05). Multivariate logistic regression analysis showed that TyG-WtHR was associated with new-onset IS in prediabetes

subjects, either without adjusting any variable or after adjusting multiple factors. Conclusion TyG-WtHR is a risk factor of IS

in prediabetes individuals. Enhancing management of prediabetes patients with high TyG-WtHR may reduce the risk of IS.
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RAW LT, TN EBERY S — KR R
T IS RAE MR B SLFE R I o PR i
A T IE E RS S W PR Z 1] 8 — I s RAR
A5, TEHERAE A S 35.7% ), HOR R BRI
F X RS AR R 10 1557

R IS B T B fER N K, IR 52t
B B AHHUAE 1S S B 4 A e B T B ™
A2 B H Ik = g %5 B 45 £ (triglyceride
glucose index, TyG ) AJENPEAL B & R A8HT A9 f]
g o TyG GARFIEREERS & N E &5
BSHEIRIEETIA AR R A IS R A —E LR, HAET
AR, KIAOFEER], IR A% 7=, A
PRI A1 22 R S PRARS RS 1) 7T LAE I 10 4R
B DRI T IHBON R R SCE BT B, PRATEIX AP B
TR L B4, XEFERR R, i
U A 15 7 SRk 1S e AE 1 FE i IR R A A B T
FEARR IS 14 5 2B AR o

AT 8 3k BABBIEFE 53 BT TyG BR G AN ] HE JHE
FEFR-55 DU U P 2 DR P i S R T TR it
Ui 10 4E58 & IS G &, I Ry S0 PR Ri A0\
TR AR . BRAR IS AR FR AR HE .

1 XW&MFE

L1 ARt WHEEEERA 2011 AF2 500114
PIMHLIX 2 BRI T E A AR, R
R RENUA R e A TR B A 2B il
SR, N1 TN RS AT SR B2 BT
FROBE RO HITI AMA 2 551 Bl A ABRifE: (1) 7EvS
JH 3 X FE AR IS 8] =5 485 (2) 758 (b 2 B0pE
PRIGBIGHERE (2007 4R ) ) HOoBE IR RTIZ Wiks

W (3) AIRHEZBAYE; (4) =40 %,

HeBRbnfE: (1) Arah Al (2) AEEZHIH;
(3) BEAEMIwms Wb # s (4) amiiiRad
253 (5) BRAAT IG2E g s 35

(6) BEREA R, AR VIR BRI = WS =
BEfEHRZE B A5t (KY2019234) , Frfy Zid &
AEMEREA,

1.2 AZRAE (1) MGEHA: CRPFRMER
BYPER, AEWS, A IJCE . BEIRIA . kA i
s, A JOWE R G L, A OO G s A

(2) hkskdr. W SE, RE, EE (waist
circumference, WC) . B, Il /%, 115 BMI,

B ] 5 5 FE ('waist to height ratio, WtHR ) . [JE&
It (‘waist to hip ratio, WHR ) . (3) SZEGZE AT
Feri s B s . 1R s A I A0S (oral glucose
tolerance test, OGTT ) 2 h Ifi#% (OGTT2hPG) .

SVHREEE . Hh=HE . S AR I IHE EE (high
density lipoprotein-cholesterol, HDL-C ) . 1§ % Ji
HEHAHEEE (low density lipoprotein-cholesterol,

LDL-C ) 7K~V MBEIN & R i a i AL B i, i
NEFEBR H 3 T N W R B BT A T A DN

1.3 EipiA& T 2016 4EHEAT 5 EREVS; 5 4RR
Vi ZbE s, BiEE A S5 LA IS
NN SEA RSN 5 22 IR BE U7 b R A T [ A5 8 A
( NS 5 N Z SRR R . BRI
) L R (RS, AE, wWe, B

M) SR A (Rl =S Mo . OGTT 2 h
PG, GUH[EEE, H =i HDL-C, LDL-C /KF ).,
Xf T RO 55 S AN BE A T IR BE D7 (1 6 SR kA T
TR . X TR TR AR R, ) T
PR T A P AET AR RAR R VN TS k3
Yrid AT . AR X SAE T R RIS SR T
&R RIAT KFE, WFAER VI, 2021 4R HFIR
ST AREGE I NREFEAT 10 4EBET, 10 4EREDTIN 2
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RENG R AN R SV BE T, G a5 T A
JFRZE L2 M T TSy 42 ] O W T 32 i
PP FRAE R . FET (R B T A&, AT
XTGP IE L ST B

1.4 A% HE  TyG=Imn[100X Hil=FE (mgL) X
ZSIE I (mg/L) /2] ' BMI={ATE (kg) / B
(m) % WHR=WC (cm) /& (cm) ; WtHR=
WC(em) /HE(em); TyG-WC=TyGXWC(cm );
TG-WHR=TyG X WtHR; TyG-BMI=TyG X BMI;
TyG-WHR=TyGX WHR, ¥ A [ A X5 r s
FIFELE TyG-WC ., TyG-WtHR ., TyG-BMI, TyG-WHR
HEATIO MBSO, 73 Q1. Q2. Q3. Q4 4.
1.5 %it3as® K SPSS 26.0 #7511
GtTe RIER TR R DL x5 ROR, WA
] FL AR ST FEAR ¢ K505 AR IEZS A T T 5
B L CF %L, Lusrfig ) 3=om, ™
] AR ARG 56 o RO LABIESORIT 434K
FOR, A HERH ¢ K5; SF9000R LBk AR
KT . K H 22 2 logistic [ IH #EAT 5200 K £ 43
Mro Kpg/KiE (a) 24 0.05,

2 &% B

2.1 AR 2 551 BINEPRIE R MAT 5 857 {4
(33.6%) . 1694 4] (66.4% ) . FE T 1% Fifi
ViZ5 SRR, HAMIRFEIET 45 ], LT8R N
1.8%; Hi & IS 41 i, IS KAFN 1.6%. ATtk
Rl 17 255 10 AR, RIS FR R R BETS 123 i, SET-
RN 4.8%; HrAIS 142 B, 1S LAEFRN 5.6%. Hr
KAEIRIA 224 1) (8.8% ) , Horp 22 Bl & 1S, K
R BEIR IR A 9.8%
22 A4 10 FHAIS Holkdr I TyG-WC,
TyG-WtHR U/ 505320, DRI 30 ARE 10 4F
& IS IR AR Q4 4H>Q3 4H>Q2 4 >Ql 4,
ERAGHFE X (P<0.05) . M TyG-BMI I
ST, BRI T EE 10 4F87 & 1S i &4
REFTLIFE Y (P>0.05) , $#%ME TyG-WHR
VUL B, BRI ETIHHE 10 45558 & IS 1k
AR Q3 H>Q4 H>Q2 4H>Q1 4, EHAS I
FE Y (P<0.05) . W1,

F1 RESABRAHEAR 10 £HERMERERWE £ RS

Tab 1 Comparison of new-onset ischemic stroke incidence of prediabetes patients in 10 years in different groups

% (n/N)

Index QI group Q2 group Q3 group Q4 group x value P value
TyG-WC 3.3 (21/637) 5.2 (33/638) 6.7 (43/638) 7.1 (45/638) 10.786 0.013
TyG-WtHR 3.3(21/638) 4.7 (30/638) 6.6 (42/638) 7.7 (49/637) 13.919 0.003
TyG-BMI 4.2 (27/637) 5.3 (34/639) 6.8 (43/637) 6.0 (38/638) 4.093 0.252
TyG-WHR 3.4 (22/638) 5.5 (35/638) 7.5 (48/637) 5.8 (37/638) 10.217 0.017

Q1 to Q4 groups correspond to the 1™ to 4™ quartile groups in turn. TyG-WC in the TyG-WC Q1, Q2, Q3 and Q4 groups
was <667.433 2, 667.433 3 to 736.491 7, 736.491 8 to 805.109 4, and >805.109 4, respectively. TyG-WtHR in the TyG-WtHR QI,
Q2, Q3 and Q4 groups was <4.229 6, 4.229 7 to 4.680 8, 4.680 9 to 5.150 1, and >5.150 1, respectively. TyG-BMI in the TyG-BMI
Q1, Q2, Q3 and Q4 groups was <189.525 1, 189.525 2 to 211.645 5, 211.645 6 to 234.045 4, and >234.045 4, respectively. TyG-WHR
in the TyG-WHR QI1, Q2, Q3 and Q4 groups was <7.226 1, 7.226 2 to 7.765 4, 7.765 5 to 8.318 1, and >8.318 1, respectively. TyG:
Triglyceride glucose index; WC: Waist circumference; WtHR: Waist to height ratio; BMI: Body mass index; WHR: Waist to hip ratio.

2.3 BERIATTHIARE 10 F-47 & IS 49 % em B &
231 HAISEHHAEIS ABWILE A X 10 4E
Bk IS BE AR IS ARFIEAT IR, 4R BoR, 4R
% WC,WtHR ., Wik, &F9kE . BELIZ s A .
TyG-WC. TyG-WtHR. TyG-WHR. & IfilJ T 5 &
BRI AT AT 2 A2 1S BIREm R 2 . WLk 2,

232 % H % logistic Bl JA 041 DUERH A IS H
AR (JE=1, =0) , TyG-WC. TyG-WtHR,
TyG-WHR U 53 . 50 43 20 R A A8 £, 43 00 i 47
logistic [AH 7347, Z5R LK 3,

FER AT E AT (A1) , D
TyG-WC U 5357 £ 53 20 43 B, Q4 4185 PR o i 19
NTE & A2 1S 1 JRURS: 2 Q1 4 18 2.226 %5 (95% CI
1.310~3.782, P=0.003) , Q3 %4 1S My XK 2
Q1 211 2.1201%( 95% CI 1.243~3.615, P=0.006 ),
L TyG-WtHR PV 505410 Hr, Q4 ZHE R s il
B NBE R A TS RO XU 2 Q1 470 2.448 15 (95% CI
1.451~4.133, P=0.001) , Q3 41 %& 4= IS 19 X &
QL1 4 19 2.070 £5 (95% CI 1.212~3.538, P=
0.008) . LI TyG-WHR Y43 505413 #r, Q4 41
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Tab 2 Comparison of baseline data among prediabetes individuals with different outcomes

IS A AU & Q1 2H 1) 2.282 175( 95% CI 1.361~3.827,
P=0.002) .

Variable ISN=142 Non-IS N=2 409 Statistic P value

Gender, 1 (%) £ =0.647 0.421
Male 45 (31.7) 812 (33.7)
Female 97 (68.3) 1597 (66.3)

Age/year, M (O, Op) 64 (58,71) 60 (53, 67) Z=—5.485 <<0.001
Height/cm, M (Q,, Oy) 155.05 (150.98, 161.28) 156.50 (152.00, 162.10) Z=1.665 0.096
Weight/kg, M (Q,, O.) 59.50 (53.48, 65.10) 59.50 (53.50, 66.00) Z=0.224 0.823
BMI/(kg*em ), M (Q,, Q) 24.24 (22.49,26.25) 24.15(22.08, 26.30) Z=—0415 0.678
WC/em, M (Q,, Op) 86.05 (81.00, 92.10) 84.00 (78.00, 90.00) Z=—2.831 0.005
Hip circumference/cm, M (Q,, Oy) 96.05 (91.00, 100.00) 95.00 (90.00, 100.00) Z=—1.825 0.068
WtHR, M (Q,, Op) 0.55(0.51, 0.59) 0.53 (0.49, 0.57) Z=—3.281 0.001
WHR, M (Q,, Op) 0.90 (0.85, 0.94) 0.89 (0.85, 0.93) Z=—1.824 0.068
SBP/mmHg, M (Q,, Oy) 140.50 (127.75, 150.25) 127.00 (115.00, 142.00) Z=—6.220 <<0.001
DBP/mmHg, M (Q,, Oy) 80.0 (74.0, 92.0) 78.0 (70.0, 86.0) Z=-—3.220 0.001
Pulse rate/min”"', M (O, Q) 79.5(73.0, 88.0) 80.0 (73.0, 88.0) Z=0.430 0.966
TC/(mmol<L "), x*s 4.63+1.06 459+ 1.11 t=—0.472 0.637
Triglyceride/(mmol*L "), M (Q,, Q) 1.47 (1.05,2.11) 1.36 (0.96, 1.98) Z=—1.836 0.066
HDL-C/(mmol*L™"), M (Q,, Q) 1.20(0.98, 1.42) 1.19(0.99, 1.41) Z=—0.021 0.983
LDL-C/(mmol*L™"), M (Q,, Q) 2.47 (2.07,3.04) 2.55(2.03,3.13) Z2=0.426 0.670
FPG/(mmol-L™ "), M (Q,, Q) 5.60 (5.27, 6.00) 5.53(5.20, 5.95) Z=—1.341 0.180
OGTT 2 h PG/(mmol-L™"), M (Q;, Q) 8.92 (8.30, 9.90) 8.81(8.15,9.72) Z=—1.545 0.122
HbA1c/%, M (Q,, Op) 6.10 (5.80, 6.30) 6.00 (5.70, 6.20) Z=-—2312 0.021
TyG-WC, M (Q,, Ov) 760.13 (705.51, 829.61) 735.56 (665.59, 803.58) Z=—3.061 0.002
TyG-WtHR, M (O,, Oy) 4.85(4.44,5.37) 4.61 (4.22,5.14) Z=-—3.343 0.001
TyG-BMI, M (Q,, Q) 213.99 (195.10, 236.29) 211.33 (189.26, 233.84) Z=—1.131 0.258
TyG-WHR, M (Q,, Op) 7.93 (7.49, 8.37) 7.76 (7.20, 8.32) Z=—2482 0.013
Hypertension, n (%) 43 (30.3) 434 (18.0) £ =12.303 <0.001
Myocardial infarction, 7 (%) 0 11 (0.5) £ =0.647 0.421
Coronary heart disease, 7 (%) 9(6.3) 85 (3.5) £ =2.995 0.840
Smoking, n (%) 20 (14.1) 315(13.1) 7 =0.148 0.700
Drinking tea, n (%) 66 (46.5) 1201 (49.9) £ =0.493 0.483
Drinking, n (%) 40 (28.2) 658 (27.3) 2 =0.007 0.932

1 mmHg=0.133 kPa. IS: Ischemic stroke; BMI: Body mass index; WC: Waist circumference; WtHR: Waist to height ratio;
WHR: Waist to hip ratio; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; TC: Total cholesterol; HDL-C: High density
lipoprotein-cholesterol; LDL-C: Low density lipoprotein-cholesterol; FPG: Fasting plasma glucose; OGTT 2 h PG: Oral glucose

tolerance test 2 h plasma glucose; HbAlc: Glycosylated hemoglobin; TyG: Triglyceride glucose index; M (Q,, Op): Median (lower

quartile, upper quartile).

FEPEEAEIR G (B 2) |, DL TyG-WC U4
BT M, Q4 AUNEPRIA AT & A2 1S 1Y KUK
JE Q1 4 AY 1.989 % (95% CI 1.167~3.392, P=
0.012) , Q3 41 %/ 1S MY KB J& Q1 411 1.927 5
(95% CI1.127~3.297, P=0.017) . LA TyG-WtHR
VYoo 2 AT, Q4 AHUAE PR wiT 0N & 1S
P XUBSE A2 Q1 ZH 11 2.076 15 (95% CI'1.224~3.524,
P=0.007) , Q3 4% 1S XS Q1 £ 1.881 %

(95% CI 1.098~3.225, P=0.021) , LI TyG-WHR
VU E o 20 AT, Q3 AL PR i I & 1S

B RUBSE 2 Q1 41 2.053 4% (95% CI 1.220~3.455,
P=0.007) .

EdE— % WC, WHHR, Wi, #F5K)%
WEAL M 2L A, S R L e (AL 3) | TyG-
WHR 554 O R K & A= TS XU A7 70 A DG,
Q4 UM IRIR I AT A5 1S ARG Q1 4179 2.538
¥ (95% CI 1.060~6.077, P=0.037) , Q3 #H % /=18
B RURSE 2 Q1 4L 1Y 2.160 % (95% CI1.049~4.447,
P=0.037) , TyG-WC. TyG-WHR ¥ 5} i Jis5 i
NBEIS B RAERFS TG (¥ P>0.05) .
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Tab 3 Multivariate logistic regression analysis of TyG combined with different obesity indexes on risk of ischemic

stroke in prediabetes population in 10 years

Group TyG-WC TyG-WtHR TyG-WHR
OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Model 1

Ql 1 1 1

Q2 1.600 (0.915, 2.797) 0.099 1.450 (0.821, 2.560) 0.201 1.625 (0.942, 2.803) 0.081

Q3 2.120 (1.243, 3.615) 0.006 2.070 (1.212, 3.538) 0.008 2.282 (1.361, 3.827) 0.002

Q4 2.226 (1.310, 3.782) 0.003 2.448 (1.451, 4.133) 0.001 1.724 (1.005, 2.957) 0.048
Model 2

Ql 1 1 1

Q2 1.485 (0.847, 2.603) 0.168 1.366 (0.772, 2.419) 0.284 1.509 (0.873, 2.610) 0.141

Q3 1.927 (1.127, 3.297) 0.017 1.881 (1.098, 3.225) 0.021 2.053 (1.220, 3.455) 0.007

Q4 1.989 (1.167, 3.392) 0.012 2.076 (1.224, 3.524) 0.007 1.542 (0.895, 2.654) 0.118
Model 3

Q1 1 1 1

Q2 1.550 (0.818, 2.939) 0.179 1.564 (0.803, 3.047) 0.189 1.381(0.772, 2.472) 0.277

Q3 2.021(0.977, 4.181) 0.058 2.160 (1.049, 4.447) 0.037 1.708 (0.948, 3.076) 0.075

Q4 2.237(0.902, 5.547) 0.082 2.538 (1.060, 6.077) 0.037 1.199 (0.624, 2.301) 0.586

Model 1 represents the model without adjusting any variables; Model 2 represents the model adjusted for age only;

Model 3 represents the model further adjusted for WC, WtHR, systolic blood pressure, diastolic blood pressure, glycosylated

hemoglobin, and history of hypertension. Q1 to Q4 groups correspond to the 1* to 4™ quartile groups in turn. TyG-WC in the
TyG-WC QI, Q2, Q3 and Q4 groups was <667.433 2, 667.433 3 to 736.491 7, 736.491 8 to 805.109 4, and >805.109 4,
respectively. TyG-WtHR in the TyG-WtHR Q1, Q2, Q3 and Q4 groups was <4.229 6, 4.229 7 to 4.680 8, 4.680 9 to 5.150 1,
and >5.150 1, respectively. TyG-WHR in the TyG-WHR Q1, Q2, Q3 and Q4 groups was <7.226 1, 7.226 2 to 7.765 4,
7.765 5 to 8.318 1, and >8.318 1, respectively. TyG: Triglyceride glucose index; WC: Waist circumference; WtHR: Waist to height
ratio;, WHR: Waist to hip ratio; OR: Odds ratio; 95% CI: 95% confidence interval.
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