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Abstract

Objective: The C-reactive protein-triglyceride-glucose index (CTI) has been proposed as a new bi-
omarker for insulin resistance and inflammation. However, the relationship between CTI and the risk
of cardiovascular diseases in the Chinese population remains unclear, aiming to explore the complex
relationship between CTI and cardiovascular diseases in the general Chinese population. Method: The
China Health and Retirement Longitudinal Study (CHARLS) involved a total of 5267 middle-aged and
elderly participants, and the primary endpoint was the occurrence of cardiovascular disease events.
CTIwas calculated using 0.412 * Ln (CRP [mg/1]) + Ln (TG [mg/dl] x FPG [mg/dl])/2. The Kaplan-Meier
curve, COX proportional hazards model and restricted cubic spline analysis were used to explore the
association between CTI and the risk of cardiovascular diseases. Result: During the follow-up period,
2,603 cases of CVD were recorded. With the increase of the quartile of CTI (Q1-Q4), the number of
cardiovascular disease events and the hazard ratio (HR) gradually increased, presenting a clear dose-
response relationship (trend test P < 0.001). Conclusion: Changes in CTI values are significantly asso-
ciated with an increased risk of CVD in individuals aged 45 and above, thereby confirming its potential
as a valuable tool for risk stratification in CVD.
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1. 51§

O LI (CVD) e A BRARAE VR A T e i i B R N, BEAEZ008 1990 JFETI[1]. fEHE, H
1990 4ELISk, CVD KB 7 —%&F, 7£ 2016 FA2IT 9400 F3[2]. WK, 22050 4, X—#F
BT A 3560 5, AN T E RS, HSFTEIT R E R G OU IR R R E )G E KPR ER[3] [4]. tEAk, T
it CVD W gk 28 N, X FER T AN HEZWBN[5] [6]. Kth, EYIFHE T f#40 CVD FE2K
BAPRIIRAT I 2R R ARG TR 2R, SIC it 57 191 701 7 S s DAJRCAR AN R0 I A PR XU, AT kS CVD (1) %
PRARAE  JE BRHCPT AR RAE 2 FEAI 1 E0 4 IR B 25 20 (10 760 26 W Ak FELE A P 8 15 AU FH PR sk B3I
RISy, O 2% EN CVD RIERIMAL G EIR[7]. H il =MRERH & FE(TYG)fE 5T 2008 4F 15 Uik
e, VRN AT EERIER B =P EY), CERR T Z M8 [9]. BT, KEMBFFLIRME 7H JIHIE
P, R TYG 8206 CVD TIAE R [10]-[12]. Bb4h, TYG FaE0th 5O I 9 1 £ 6 R 2= (1) i 3 ik
AREARE R i 0 ) 26 DIAH DG [13] [14] AEAFIE B2, 20 DR 2 XU R 35 DAl AN A BEOGE T~ FLBA TR CVD 20
E[15]. C M. HE(CRP) & —FhaERe It #ORERR, 57E CVD KRFRZEVIAHIK[16]. XA BN RSE B
HEX CVD AT E[17]. TIFEY, £ CVD B EBETG b, 7508 0k 48 5 A5 ik sk R Ak 1
Ji S W BEAT R A PPAS AT B[ 16] [18]0 BRI, T A — A S MR Iy ZRARATIAN SOAE A D TR0 o ML 57 ) T
MEEGIREERR HE . Ruan SN T C RPEN - Hl =RREEWZ P ES(CTD, Eamxit 1
JORERR S RIEY, RGN IR FE R T2 A6 FH[19]. CTI X B AT i ST o, i A\ B SR T AN
AIRE K98 R B BB TG R B T 38 KA TN [20] [21]. AWFRKRIL, CTI 538 [F 330 N\ i 17
TE/) CHD AR ERIZERE 1 CHE, CTI v] §eA Bh T oot il A ff b8 1) CHD sl [22]. REC
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SN T CTI 5 CVD RAFZ I MAI S, (BT (78 32 B R S [l A o A BN AP OG
T CTI M CVD MR Z (BRI M ANE R . Oy 1 X S S I T 2280, AT 1 b B A AR
PRI FE(CHALS) O EdE, B AEAR W i AR R CTI 5.0 SR Z R I R J 0 R, XK LT
BEAT BT IR e RS AR, RS ) 90

2. 5%
2.1. W

WEFE R T SR BRI H - Charls, X2 —TRFEEH), T ARERUATIETERASIWT T, KA T —H
LB E BRI T PORAE R B T E 28 N 150 NEH 17,708 B2 5%, DIHRFEA AR A
AIEEE . HRAEERELAECE 1 BT 2011 T, AR RERBENA S 55 NEAER,
BEJSTE 2013 45, 2015 4%, 2018 4-F1 2020 FiEAT 1 VURBE S 15 2L A . A W7t it i HAR A i {5 5
U A SRR R 3EAT T TE4E A 2H(23] .

2.2. ARAO

TEARWEFH, RALSIAEZT 17,708 %25 55 S INEL R . L RTUE SUWHRRRE, ¥ 12,441 £
S 5EHBRIE T 20 FERAEIMN EZJZ AW T 5 1 (wave ) CTI HE# (n=6072); FeLdmiiE &
H(n=213); FER/NT 45 B EERBIRE (M = 351); 1 wavel Z i L4 5O U B0 # BB B2k (n
=5657); SERMBEVIERF (n=148), &, 5267 X5 5B EMMTHRE S 1), CHARLS #f 71 4%
HERR R S B 5 W EEAT, RIS AL KN & &R 5 2 I HEHE(IRB 00001052-11015). FTf 2l E
E2 5 CHARLS WAt ardaieft v Bt R . AT ie Bn ST w7 W e Mt 74 15 (STROBE)

H G REAT
CHARLS 2Lk 5%

(n=17708)
HB25% (n=12441):
1) CTI #%K (n=6072 )
2) EBHEERE (o= 213)
3) <45 DHEREIEHR (n=351)
4)  1E wavel Z Bl O B O B BR BREHRE R K (n=5657)
5) ZIRABEVIBR (n=148)

v
BAANNSEH
(n=5267)
H— A BoHMA || BE=Wahra g Ui ip s ivs:n
(n=1317) (n=1317) (n=1317) (n=1316)

Figure 1. Flow chart of the study population
B 1. R ARRIZE

2.3.CTIHE

CTI 483l LL R AR 3RS : CTI=0.412 x Ln (CRP [mg/L]) + Ln (TG [mg/ d1] x FPG [mg/dI])/2. [19]
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CRP: C-MNiEH; FPG: ZMEMPE: TG: H=[E.
2.4. CVD EH4a0IEME

WHFERISERE CVD SR AR, I BT ARHEL Al CVD FF:  “BRAR TS RGOS
W A D IER AR T DBUR . R ) s B AR O 2 7 B AR EE AR RS
By e 7 R ) O B R KUK S 5 OE OB RE CVD. CVD 2l HHE SO TER
VTR H AR S CVD SEARRIVIR H I 8] 2 S5l 15 98 GOM B 1D S AN A S 17 7™ 4% 1) o B
P A, DURA DR AR (0 mT S PEAT HE R 1 -

25, thZBEHIT

AR (N HELHAE 2 B U7 ) A FH Z5 A AL R S AP s s . B R e 1) 2R E, B
Fhitb o NORFIECGER . MER. EAERLIX . SRR . BOE LR A0 7 A R (ARG IRBL), Ak
DB (A B AR HUBMLY), 75 S OB PR i I S 55 9 ) P S 6 2 A A 4 R (ML 21 88 /K1 N4 B [WBC
SMAEFEEETC]. Hh =BE[TG]. =% AR & A AHE B [HDL-c]. K% A5 & A AH[E BE[LDL-c]\ IfiiE UL
JRER[UA]. =i C B2 F [hsCRP)).

2.6. BX

LR E SCRFFE AR AREZ —: (1) W4 > 140 mmHg; (2) #Fk/E >90 mmHg; (3) EA2
Wi BRI E SR (4) IRABUEILEZ Y. BRI € SO DG LT hriEz —: (1) ZE b
(FPG)> 126 mg/dL; (2) FHLIMLLE A (HbA 1¢)>6.5%; (3) F/ECSHIAE T 258, (4) FI/skEEA 2l
() 1 FRAR A B PR [24] 0 ILAS 57833 TG > 150 mg/dL. TC > 240 mg/dL. HDL-C <40 mg/dL. LDL-C >
160 mg/dL 41145 FH B AR 25 4 sk 2= A= v2 W i) Rt o5 0 I AR 5 5 1 7

2.7. Gt

N T R R B S A w8 P BE T AR (MICE)#E47 2 B Adi kb . X T 3848 2570 A (1 2 &
g, SRUSFHEMRHEREIR . (EH 77 Z 0BT (ANOVAYEAS IR 22 7 o X T A& IR 7046 1 52
AN, RAMRE T AR BRI 4485, 4 Kruskal-Wallis #5634 7 20 18] 25 5o i A H$00R 9
Eeithid oy 2648 &, FEMEH BRI AT S E0R . iRAE CTI MU, K-S 584 A4, U5
REBCE— AL 4L(Q1) < 7.1 7.11 < DS R ss — MU 41(Q2) < 7.58; 7.58 < DU 58 = DU 43 fir
4(Q3)<8.14; VUM HIHss— A 41(Q4)>8.14. ib¥F CTI A AELAT B BHTITEAS, LIRS i
fe 1% . K Kaplan-Meier HH 28 R E0RRAS 360 0 £l C0 ML 55 9509 1R R 2R 26 i FH COX [BIARE RS 5T CTI 5
RARIREREZ IR R TR T ZAAFERIBE DME T A7 2 m o dr: B8 1 R, B
B2 AR AR BMI R OO T R IE s R 3 ARIEME S, . BMIL X SRFT R MRS
W RN MEREL. AU, MoNACH R, obE . UUEF. SEREEE. Hoh = ER. RS R IR A A
CIRMEMA. PHLIMaOEA . RIR. AAtb 7. mMasEE. PR c. REAEMER. Bl =8kH%
PEARE B IR S DLAAMZ IR . eAh, JEREAT T 58 4 U B 1 BRI 1 = IR 2R (RCS) 73 A, AFRER CTI
L ML 5995 R 2 TB] PRI P - IR R o BEATSEALI0 M7, DAV CTI XohoCa ifn B9 & AR 2R 1) i
BEAFRNOGZH T AR, KSR RS, GIEFR<65 B H1>65 2). Hil(BtE %«
). BEIRIRGE 5 7). BMI(BMI 232811 R <24 f1>24 kg/m?), FILAR ELAS 364656 e =2 B AE F i B3
PEo BT GEit 2 M A T R A (A 4.2.2)F1 Mplus B4 (iRAS 8.3)i3E47 . A XU P B /N T 0.05 B
Giit2E i .
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3.1. ABHISME

XU FUELHE 7ok B CHARLS [ 5267 %4253 . 52 E P FHER N 56 £6 %, Hrt 2683 (50.9%)
Nttt B4, 5 CTI A B AR AR EL, CTI DU e m i 32 ik, B g 3
B DRI () R R o X T BRI E A Se e =R, CTI A= tEBE A I . BMI. A400. k.
SREFE R, Hyh =, C RMNEH. LML ED . JREE. 40t MLl Hh = Ne w2 i e 4L
AKFIT . AHECZ R, CTI %8s DY oA £ 5 v 8 55 A 2 1 L [ B AP AE % . BT BB AN D 4
THEEFIIE PRAFAE W22 1.

Table 1. Patient demographics and baseline characteristics

® 1. BEAOGIHTFERFELHHE

I i T A1

CTI M58
FHE [ALL] Q1 Q2 Q3 Q4 p
N =5267 N=1317 N=1317 N=1317 N=1316
PE 0.394
2683 (50.9%) 656 (49.8%) 658 (50.0%) 695 (52.8%) 674 (51.2%)
5 2584 (49.1%) 661 (50.2%) 659 (50.0%) 622 (47.2%) 642 (48.8%)
I - 0.018
i 4822 (91.6%)  1232(93.5%) 1203 (91.3%) 1199 (91.0%) 1188 (90.3%)
2 445 (8.45%) 85 (6.45%) 114 (8.66%) 118 (8.96%) 128 (9.73%)
TR 0.172
% 5207 (98.9%) 1309 (99.4%) 1298 (98.6%) 1302 (98.9%) 1298 (98.6%)
2 60 (1.14%) 8 (0.61%) 19 (1.44%) 15 (1.14%) 18 (1.37%)
R - 0.217
i 5197 (98.7%) 1293 (98.2%) 1303 (98.9%) 1298 (98.6%) 1303 (99.0%)
2 70 (1.33%) 24 (1.82%) 14 (1.06%) 19 (1.44%) 13 (0.99%)
KATR 0.663
7 3586 (68.1%) 915 (69.5%) 892 (67.7%) 891 (67.7%) 888 (67.5%)
2 1681 (31.9%) 402 (30.5%) 425(32.3%) 426 (32.3%) 428 (32.5%)
i 5 - <0.001
i 5003 (95.0%) 1284 (97.5%) 1261 (95.7%) 1245 (94.5%) 1213 (92.2%)
2 264 (5.01%) 33 (2.51%) 56 (4.25%) 72 (5.47%) 103 (7.83%)
JH P95 « 0.075
7 5103 (96.9%) 1269 (96.4%) 1290 (97.9%) 1274 (96.7%) 1270 (96.5%)
2 164 (3.11%) 48 (3.64%) 27 (2.05%) 43 (3.26%) 46 (3.50%)
B T - 0.713
i 5017 (95.3%)  1252(95.1%) 1261 (95.7%) 1256 (95.4%) 1248 (94.8%)
2 250 (4.75%) 65 (4.94%) 56 (4.25%) 61 (4.63%) 68 (5.17%)
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b 5

B <0.001

o 4071 (77.3%) 965 (73.3%) 1014 (77.0%) 1041 (79.0%) 1051 (79.9%)

o 1196 (22.7%) 352 (26.7%) 303 (23.0%) 276 (21.0%) 265 (20.1%)
W2 I 975 « <0.001

i 5076 (96.4%) 1280 (97.2%) 1278 (97.0%)  1275(96.8%) 1243 (94.5%)

2 191 (3.63%) 37 (2.81%) 39 (2.96%) 42 (3.19%) 73 (5.55%)
JiE ] 82.0 [76.0; 89.0] 79.0 [74.0; 84.2] 80.2 [75.0; 87.2] 83.2[77.0; 90.0] 86.8 [79.6; 93.0] <0.001
BMI 22.4[20.3;24.7] 21.6[19.8;23.6] 22.1[20.2;24.1] 22.8 [20.6; 25.2] 23.5 [21.2;25.9] <0.001
SEN]; ) 5.90 [4.90; 7.10] 5.50 [4.60; 6.50] 5.72 [4.76; 6.80] 6.00 [5.00; 7.20] 6.50 [5.40; 7.80] <0.001
L MMIAARL 91.2[86.5;95.5] 91.8 [86.0; 96.0] 91.4[86.9; 95.5] 91.4 [86.8; 95.6] 90.3 [86.0; 95.0] 0.014
1 /MR 206 [161;252] 203 [161;247] 205 [161;251] 204 [160;254] 211[164;259] 0.069
JRER 15.1[12.5;182] 15.3[12.8;18.7] 15.1[12.6; 18.4] 15.2[12.4; 18.0] 14.8 [12.3;17.8] 0.001
A 101 [93.4; 110] 949 [88.4; 102] 99.2[92.5;107] 102[95.0; 110] 109 [100; 127] <0.001
JULTF 0.75 [0.64; 0.87] 0.73 [0.63; 0.85] 0.73 [0.63; 0.86] 0.76 [0.66; 0.87] 0.76 [0.64; 0.88] <0.001
e JE ] 187 [164;212] 179 [159;201] 187 [164;208] 190 [167;213] 196 [169;225] <0.001
Hih =g 97.3[71.7;142] 63.7[53.1;77.0] 90.3 [73.5;108] 115[90.3; 144] 179 [129;246] 0.000
EEEAGEAEE  50.6 [41.0; 60.7] 59.1[50.3; 68.8] 53.0 [45.6; 62.6] 48.7 [40.6; 57.6] 40.6 [34.0; 49.9] <0.001
R EAsE A EEEE 113 [91.6;135] 108 [89.3;126] 116[94.3; 136] 117 [96.3;139] 112 [87.3;139] <0.001
C RMEHA 0.89 [0.50; 1.85] 0.45[0.32; 0.68] 0.74[0.48; 1.16] 1.18 [0.68;2.18] 2.25[1.17; 5.09] 0.000
BREAK I 2T 25 5.10 [4.90; 5.40] 5.00 [4.80; 5.30] 5.10 [4.80; 5.30] 5.10 [4.90; 5.40] 5.20 [4.90; 5.60] <0.001
JRIR 4.19[3.50; 5.01] 3.95[3.32;4.68] 4.10[3.44; 4.93] 4.26 [3.57; 5.06] 4.52 [3.72; 5.35] <0.001
AR E 41.2[37.5;45.0] 40.8[37.0;44.7] 41.1[37.2;45.0] 41.4 [37.8;44.9] 41.9 [38.1; 45.4] <0.001
JiiEAREAE 14.1[12.9; 15.4] 13.9[12.7;15.2] 14.1[12.9; 15.5] 14.2[13.0; 15.5] 14.3 [13.0; 15.6] <0.001
& EY® 0.95[0.84; 1.08] 0.94 [0.84; 1.06] 0.95 [0.85; 1.08] 0.97 [0.85; 1.09] 0.94 [0.81; 1.08] <0.001
ERY 56.0 [50.0; 62.0] 55.0 [49.0; 61.0] 56.0 [49.0; 63.0] 57.0 [51.0; 63.0] 56.0 [50.0; 62.0] <0.001
&7 - 0.041

% 2332 (44.3%) 607 (46.1%) 594 (45.1%) 592 (45.0%) 539 (41.0%)

o 2935 (55.7%) 710 (53.9%) 723 (54.9%)  725(55.0%) 777 (59.0%)
ol =FEemi A pEE S 8.51 [8.16; 8.92] 8.02[7.82;8.21] 8.41[8.21;8.59] 8.71 [8.45; 8.93] 9.23 [8.88; 9.65]  0.000
PRI - <0.001

% 4706 (89.3%) 1280 (97.2%)  1242(94.3%) 1184 (89.9%) 1000 (76.0%)

2 561 (10.7%) 37 (2.81%) 75 (5.69%) 133 (10.1%) 316 (24.0%)
WRCHA - 0.242

PLAE 1613 (31.5%) 423 (32.9%) 407 (31.8%) 399 (31.1%) 384 (30.2%)

gz 356 (6.96%) 72 (5.60%) 85 (6.64%) 97 (7.57%) 102 (8.03%)

MR 3148 (61.5%) 790 (61.5%) 788 (61.6%)  785(61.3%) 785 (61.8%)
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MR« 0.386
o 3395 (64.5%) 829 (62.9%) 844 (64.1%)  871(66.1%) 851 (64.7%)
o 1872 (35.5%) 488 (37.1%) 473 (35.9%) 446 (33.9%) 465 (35.3%)
CTI 7.58 [7.11;8.13] 6.81 [6.58; 6.96] 7.34[7.22;7.46] 7.82[7.69; 7.97] 8.60 [8.33;8.97] 0.000
L. <0.001
& 2664 (50.6%) 786 (59.7%) 676 (51.3%) 648 (49.2%) 554 (42.1%)
& 2603 (49.4%) 531 (40.3%) 641 (48.7%) 669 (50.8%) 762 (57.9%)
VERIRVCAE <0.001
2 1286 (24.4%) 268 (20.3%) 299 (22.7%) 331 (25.1%) 388 (29.5%)
3 979 (18.6%) 206 (15.6%) 247 (18.8%)  239(18.1%) 287 (21.8%)
4 537 (10.2%) 111 (8.43%) 128 (9.72%) 157 (11.9%) 141 (10.7%)
5 2465 (46.8%) 732 (55.6%) 643 (48.8%) 590 (44.8%) 500 (38.0%)

3.2.CTI 5ioMEFRRAE Z BRI X H

CTl=+ Quartile 1=+ Quartile 2=+ Quartile 3=+ Quartile 4

1.00+
Log-rank
0.751
p < 0.0001
= ‘
S +
5 |
(O]
o -
%’50'____---"""""""""""_T ------------- R Rt -
>
1S I
>
O 1
0.251 | i E
0.001 ! !

3
Follow up time (vave)

Figure 2. Kaplan-Meier curve analysis describes the cumulative incidence of cardiovascular
diseases in the quartiles of the CTI index

2. Kaplan-Meier B 3R T CTI 58I a0 DM ERRRR L E R

1EF-351 9 AEIBEVTIAIE], 2603 (49.4%) %2 5#H &0 T H RO M B . A QL B Q4, L IMLE BN
RAERIZEEN, Q1 A 531 (40.3%)%1, Q2 J 641 (48.7%)1, Q3 A 669 (50.8%)%1, Q4 H 762 (57.9%)
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i, Kaplan-Meier 447 {1 283 B SRR R M ZR AT 27, A Q1 2 Q4 2H, O L5005 S A i M 36 A,
W B Gi it 2 8 35 25 B O B 56 P < 0.0001) (141 2). KA COX ELAI XU a1 IR Y B 78 CTI 500 ML 5
PIR B2 IR R BE CTI Ui (Ql1—Q4) s, O MU A H(531—762) FRUK: b (HR)IZ
R, REUIER R - NS RGEATBIEIE P < 0.001). 7E IR A8 S (Y 3), CTI 418
T 1 ANEAE, O I R U B I 41 (HR = 1.41, 95% CI=1.17~1.70, P < 0.001) (¥ 2). Bt4b, RCS 73H7
R T CTI 5 S 5% b R F4 R AR Z MR EL MR R 3). CTI = 6.813 B, HR =
1.5~2.0, R CTIAE A O M B R 2 2 i 2 s o CTI<7: HR B CTI F & 2ete k(o i
i BT 216K ). CTI7~9: HR PRIEZEF, REZEBER (OO M R Ii#E EF). CTI>9: HR T4
BUINMER S . X EeSE R, CTI W REA SO T O L5 s KU 20 2 B3R bR o 33— DR R B, B
FR CTI AT 55 1O MU 03 R AR A 56

3.3. WEHSHT

N TR PR CTL 5O AR ARG R, #H47 T WA . K 4 &R ER, EERTHF
CTI VY347 #(Q1~Q4) ) HR ¥ ik ilads, Hmr#H(Q4) M =i (HR = 1.6~1.7), FH CTI 5.0
B S TEA G . (EfERRE, G WA, ZLHAEMK PEIY>0.05, BEHFE. . BERR
52 BMI [ CTI ARG LA B0 1 R 998 2 (A1 AR DG A B B R S R P, SR B R 3 52 CTI 5.0 S
AR 9% 2277 0] BB EE

Table 2. Relationship between CTI and the incidence of cardiovascular diseases
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Figure 3. Association of CTI index and risk of cardiovascular diseases
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Figure 4. Subgroup and interaction analysis of the correlation between CTI and cardiovascular disease risk
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