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[Abstract]
cholesterol (RC) inflammatory index (RCII) and the risk of cardiovascular disease (CVD), as well as its predictive value for CVD.

Objective Based on the large prospective Kailuan cohort study to explore the association between remnant
Methods This study was a prospective cohort study. Participants from the Kailuan study population who participated in the 2006
physical examination were included as study subjects (n=101510). Participants were grouped according to quartiles of RCII: Q,
group (RCI1<0.925, n=21287), Q, group (0.925<RCII1<2.923, n=21280), Q, group (2.923<RCI1<9.293, n=21293), Q, group (RCII
29.293, n=21286). They were followed up every 2 years. The endpoint of the follow-up was the occurrence of CVD (including stroke
and ischemic heart disease), death, or the end of observation (December 31, 2022). A Cox proportional hazards regression model was
used to analyze the association between RCII and the risk of incident CVD. The predictive values of RC, high-sensitivity C-reactive
protein (hs-CRP), and RCII for CVD were compared using C-index, net reclassification improvement (NRI), and integrated
discrimination improvement (IDI). RC, hs-CRP, and RCII were standardized using Z-scores and their association with CVD risk was
analyzed. Results After an average follow-up of (14.21+3.77) years, among 85 146 study subjects, a total of 10 105 study subjects
developed incident CVD. After adjusting for confounding factors and grouping by RCII quartiles, compared with Q, group, the HR
(95%CI) of incident CVD in Q,-Q, groups were 1.120 (1.053-1.191), 1.206 (1.136-1.282), and 1.347 (1.268-1.430), respectively,
with P for trend <0.01. For each one standard deviation increase in RCII, the risk of incident CVD increased by 7.2%, and the HR
(95%CI) was 1.072 (1.055-1.090). ROC curve analysis showed that RCII had the highest area under the curve (AUC) value (0.568),
higher than hs-CRP (0.560) or RC (0.544), with P<0.01. The C-index, NRI, and IDI values of RCII were higher than those of RC and
hs-CRP. Conclusion The predictive value of RCII for CVD is superior to that of RC or hs-CRP, and as RCII increases, the risk of

incident CVD also increases.
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1.1 WS B x50k B IR A 5T LS
(I RIREE T M5 :  ChiCTR-TNC-11001489) 84 J7E
TFORAIE S S — T J5 1L T TR e XA T % i B BA
FITFSE, H 2006—2007 4F-BEATEE 1 UK Al ARG i
2AER A — K. IABRME: S 12006 —2007 4F 1) IF
DA FRAR KT RIS TR A o HERRARIE : (1) S
Jig 2 11 MH [& [ (high density lipoprotein cholesterol,
HDL-C). %% B 1 IR [ B (low density lipoprotein
cholesterol, LDL-C). /. flH [# ¥ (total cholesterol,
TC). hs-CRP GG ; Q)WEAAFAECVD ., 0 15
U AERE . BRYNA 85 146 BT S, Hip
B 6730544 (15 79.0%), 417841 44 (1 21.0%), it
(51.24#12.3) % . LA RCII U437 B A7 0 41 . Q 4
(RCII<0.925, n=21287). Q, #H (0.925<RClI<2.923,
n=21280). Q,41(2.923<RCII<9.293, n=21293), Q4
(RCII>0.293, n=21286). WG EIRMA | HE
PRUEFEILIE 1 AR REB/RERE T, P



686

RICEEZE 202655 H28H 251 2Esi

| 2006-20074FZ M UM FE (@ AR 7 (n=101 510) |

>

HEBR (n=16 364) :
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Fig.1 Participant inclusion and exclusion flowchart
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1.2 BORHIEE

121 —BRORMIEE  BFSE ABER N D22 RRE . —
MGk, S E KA MRS TR TE AN S B S I AR
PR BEA: SOk RS TR Y HZSE 8 h,
Pl A B3l U Bk Ol S ml T EDTA B2 485
TR T 43000 r/min 250 10 min i B2 L7 P47
AEALFE PRI, hs-CRP. TC. HDL-C F1LDL-C 3k H]
Bifg L e ik R A7 e, IF AR 46 2 = RC=TC-HDL-C-
LDL-C; RCII=RCxhs-CRP {14 RCII f{{E"),

122 FHCHE RE S WA SORIE VAR AR
WS, ESEWAR 1AL B R E SR
ARS8 H AR (B 5 1 >509%) 100 ml, - 3% 220K
VAELL b o il g SO ICAR > 140 mmHg F1(5%) &7
ik [ >90 mmHg, 5 UK 44 JE <140 mmHg 1 %7 5K
<90 mmHg {HA /& L% 5 s EAE IR IR 2515 bl
PRI € XN 25 I A >7.0 mmol/L 5Y 55 i 1l B
<7.0 mmol/L {H 7 4 FR 9 52 1% 1 7 AR FH Reepfl 2515
EBILE E X K TC>6.2 mmol/L 8 HDL-C<1.0 mmol/L
B LDL-C>4.1 mmol/L B¥, TG>2.3 mmol/L 5% & I g
g S0 B IE AR IR PR R 251, IR B RO e SO T R 6B
WR=3 K, BFRFFLERTIA>30 min, A5 /Nekugid &
(estimated glomerular filtration rate, eGFR)>RK H1& M
I 95 2% 9 47 4 2~ & VE WF 9 (chronic kidney disease
epidemiology collaboration, CKD-EPI)AZUiH7,
1.2.3  BHUTFIZ S S DLSE R 2006 —2007 4F 1K
BB REA BV A, DL A VD (iR ol . 26
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ARG N FE M . BAF R & 35U 22 55 N
A [ T B R B 5 LR ) 11 R R BE B T R R A
EREBRIZ W%, 1R S HE N R,

FAA LW Il BEITARGE A B P A T

L3 fEbRHT DR R RO LLBE 5 8 4E (1000/ A
AE) 43I SR R RCILAL & A= CVD I R %, R
FH Kaplan-Meier {15 [R] 4340 A 26 sS4 114 2R
KA, LR RCR ] logrank K 565 SR Z %
Cox FC Bl RS [ 52 84 53 5] 537 RC . hs-CRP . RCIL
AN [) 73 2H 6 28 g A 1 S A KU B 959 mI A X 1]
(CDo M CHET, a2 el F5 40 (NRI) MIZE
B F 590 ke 8 R (IDT) PPAG X S8 A Wb 2 0 1 1 6 13
DR . SR FH 323K R AF 45 1R (ROC) il 4k T i AR
(AUC)#F—3F4k RC. hs-CRP. RCIIXf CVD Ky Fii]
. R Z 58 RC. hs-CRP. RCUIFIFHRHESL
WP Z B A 208 =(X-p) /0. H
XN EAREEE , W VBRI IE, o HEEREIAR
WEZE o SRHI3TT R (3R 25, S0, 78 T 23n) Rl P 5
JikE & (RCS) B — 2B AT 58 RCIT S CVD J2 HF AU
R FR o NRIESS R AR, JEA TR
30T (V)HEBRBEDT 1 4E R R A= cvD A (2)4E
B A FH 2 T 24 SRR 2 R IR 25 A ATEE s (3)HIEBR AR
A eI BORE PR B AR IUAE A9 AR 5 (4)fdH Fine-
Gray B JEATHET 58 4 XU 3BT o TR oxs 5 (25
7). AFRR (<60 % . 260 4) . WIMECA . TE). BEIR
(A o). RRIAECA . o)A T3 E 0T

1.4 SiiP2EAbEE SR FH SAS 9.4(SAS Institute, Cary,
North Carolina) I R 4.3.1(R Foundation for Statistical
Computing, Vienna, Austria) BT 0. AT
FIES TR GORR  xes 3o, 2] HEBCR
MR R T 2200, b — 2L H R FH SNK-q K5
95 (J7 2255 B) 3 Dunnett T, 35 (7 2 A 550)); ARIER
ST E TR M(Q,, Q) R, 4l HLECRH
Kruskal-Wallis £ 45 ; THECERH ] (%) #7521
BRI K8 R DeLong K46 H A AN [FIFE bR AUC
fIZE 5. P<0.0SCBUMIAGH ) S 22 A g it as 3o
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2.1 VIARCI VUS4l B — skt bR Bl RCIT
KB TR, BEFEXT 2 4ERY | TC. hs-CRP, RC
KV, WEIEBET S B, Sk, R . &
I Ag £ He ) S IR R e e L s . B 254 3 O L
151) - 3 ¥ 184 25, T LDL-C 7K 1 JU) 522 PR B2 1Y) 44
(P<0.001), HAI[F] RCIL PU S 32 (8] 25 F8 4 1) 22 57
YIA G EE L (P<0.05, #1).

2.2 A RCIZKFAY CVD BREUE R R L
{7 Bt B[] (15,92 4F ) B[], 310 108 51 & 4= CVvD =
1, A9 B B R 8.35/ T NAF(95%CI 8.19~8.52) . H:
3761 i) A A i Il 0 IERS L 7199 B & A AR
Q,—Q, 4l 4 7l & = CcvD 1856 il (8.7%). 2320 i
(10.9%) ., 2706 11](12.7%) . 3223 91(15.1%), KRR
39 5.92(95%CI 5.65~6.19)/ T A 4FE . 7.54(95%CI
7.24~7.85)/T NAFE | 9.02(95%CI 8.69~9.37)/ T N4
11.20(95%CI 10.79~11.56)/ T- N 4F . A~ [A] RCII 4 1]
CVD., I P 0 S B A v i B AR R 25 /e 39
ot # B (P, <001, [E2),

2.3 RCII5 CVD By Cox bR [FIERE R4 43
MLARC, hs-CRP, RCII U5 %0k A A8 i, >R H
Cox Hu A1 XURS: 1 AR 78 437 H: 5 VD A= XU 1 O
#, SRER: 5QAlE, Q. Q. QAlImEm
RC. hs-CRP. RCHIJH[HENN CVD (&A= R . KIE
X ERE, URCI AL R, Q—QAKAE
CVD ) HRE 535124 1.120(95%CI 1.053~1.191) . 1.206
(95%CI 1.136~1.282) Fl 1.347(95%CI 1.268~1.430), P
# RCI VU4 B i FH 5, CVD & A= XU Bt 384 Jin
(P <0.05),  FLAR X L () D4 4357 43 2 HR (B ¥ &
RC il hs-CRP; RCII &3 Il —~4Rifi2%, CVD A
A XU 3891 7,296 (HR=1.072, 95%CI 1.055~1.090), fij
RC BRHE I —ANFRifE2ZE, CVD 1Y & A XUBS: B8 i 5.29
(HR=1.052, 95%CI 1.033~1.072), hs-CRP %34 /i—4
PrifEZE, CVD HYRA KGN 5.2%(HR=1.052, 95%CI
1.035~1.069)(#2). MAL, RH Cox LA AU a1 )45
FIMHERC . hs-CRP . RCIT X ifi 4.0 i g A1 2 e
KA, g5z, Bi%E RC, hs-CRP, RCIIZKF
BT, BRI O U RN A e S A KU 2436
H. RCIT X} 45 Jay = 4 19 15000 4 {2 F RC 3K hs-CRP
(1. 2). RCSHIZ A HTiE R, RCIS CVD, i
PR . A SRS (P 134<0.08; P uyy<0.08,
3),

2.4 RCHMYIGHFUME # RC. hs-CRP, RCII 4}
I GEREFERS o BT CVD 3G B e . K
RC A ERRBEAY , C 5%k h 0.7068 3 I % 0.7075 ;
¥ hs-CRP I A LRI R, CHEX0 N %) 0.7082; ¥
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RCITMMAFERIARL, CHEHUIN A 0.7084 . DIFLAlAR
RS2, RC B TR NRUEHE 5 £ 0.1170, hs-
CRP A # NRIE 42551 0.1793, RCII Al K NRIE 2 5
#]0.1961, HIDI¥>0, F/RERNIEME, HAHLL
Tl %) RC 5 hs-CRP, RCII X} CVD f¥ & 4= ELA
TN (£ 3) . BLAh, N T 2 IEE RC .,
hs-CRP 1 RCIT X} CVD [ T A {E, ROC Hh & 53 #7
R R, RCIATHIZ T THIFL(AUC)H 0.57, hs-CRP
5 0.56, RC N 0.54, RCITE3 M EWAREY H AUC
fHfm, 2Z5A %1% X (P<0.05), /R RCILX]
CVD & Az XU 114 T A7y i A 458 FLAth B — F A B 4
(FHE 1), A, R Z 3805 RC. hs-CRP. RCII
EATPREALAL ], RC-Z 774K, hs-CRP-Z /34X, RCII-
Z 5 8% CVD 1 HRAE 433l M 1.057(95%CI 1.037~
1.077).  1.054(95%CI 1.030~1.071). 1.072(95%CI
1.055~1.090), RCITFAJF B H fe i 1) A 9 XU o

2.5 UM O OARIESE RRa e, 4B A
RC. hs-CRP. RCII N F7E &, CVD WA R HITH
TSI M . A IEA MR RS, 45 R R RCILX
CVD 1Y i A (B T 570 Y9 RC 5% hs-CRP; L 4F,
{8 FH] Fine-Gray BRI HEA TR T~ 5 4 KU 40 #7522 45
R 3)

2.6 RCII5 VD BAENRE 5325001 0l LU IR
(<60 % . 260 %), HEI(H . &), miECHE . J).
BRI (. J8) . RIBRIEE (. JC)ikAT 43 )2 40 #r
WM P B G, RCI-S4ERY . ik 7715
A HAER (P, <0.05), HIEAER<60% . Bk,
e M . AEREIRAG . 3F = BE ILAE Hh Y DG I B A
(FfF24).

3 W it

ABFSEHET I URBA S 5E & 8, RCIXF CVD Y
TR B DG T 800 £ hs-CRP 8% RC.,  Bifi %5 RCII Y 184
Jin, CD & A RS B 2 39, RCITYj CVD 16
RN . WERID RS B I . BERE . SR
IAE A FE IR

RCJEFE & & HIh = FR IR & A IR EE RS,
58 23 MRS AR AP 2% 32 i 8 1 O s v i) 2%
JI 26 P PR A IR s BER S R R FLEE ok, 5
LDL-CAHLL, RCHPURIEA, A8 HIEA BNk AN BT
AR T LDL-C, A58 NTESh ks, # F
0 L W B TR AR A, PN K AR B T RE R A,
LI AE PN R B B A0 A, TR i A T R R
FEN R, PRUERER TR AR, 51 & J0E SO St
I 2% B s Ny, oE— A AR O AR BE e 0 8 R
Hs-CRP & — P RIEFREY), %5 F R F8hreeO i 4
JRURS: T e iy Je B, AR 5% 2R FH RC 5 hs-CRP 11
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%2 RC.hs-CRP.RCII 5 CVD &= 1) Cox Hu il KUK [ AR 5 A
Tab.2 Cox proportional hazards regression analysis of the associations between RC, hs-CRP, RCII and the risk of CVD incidence

A RIRNEL SBNEL BIRERE (/T NAE) HRO%CD
H5iAL 1 TR 2
RC
Q, 2123/21274 6.95 1(3%) 1(3%)
Q, 2408/21 307 7.94 1.102(1.039~1.168) 1.053(0.993~1.117)
Q, 2574/21 314 8.50 1.172(1.106~1.241) 1.117(1.054~1.185)
Q, 3000/21 251 10.06 1.357(1.283~1.435) 1.196(1.128~1.270)
P <0.0001 <0.0001
BERETIN A hRIE 2 1.103(1.085~1.122) 1.052(1.033~1.072)
hs-CRP
Q, 1803/20 008 6.09 1(Z%) 1(Z%)
Q, 2417/22 286 7.50 1.155(1.086~1.227) 1.085(1.020~1.153)
Q 2753/21476 9.10 1.343(1.266~1.426) 1.176(1.106~1.249)
Q, 3132/21376 10.84 1.508(1.422~1.599) 1.287(1.211~1.366)
P <0.0001 <0.0001
BRI 1A ifE2E 1.065(1.050~1.081) 1.052(1.035~1.069)
RCII
Q, 1856/21287 5.92 1(Z%) 1(Z%)
Q 2320/21280 7.54 1.188(1.117~1.263) 1.120(1.053~1.191)
Q, 2706/21293 9.02 1.377(1.298~1.461) 1.206(1.136~1.282)
Q, 3223/21286 11.20 1.595(1.505~1.690) 1.347(1.268~1.430)
P <0.0001 <0.0001
BN 1A bRfE 22 1.098(1.081~1.115) 1.072(1.055~1.090)

PR 1A IE AR IS FIPE T 5 A5 2 FEAR R 1 9 Ak B alE— 2B A IE W . BRI . PREESS A, RERR . S . BEIRI . S R IAUAE |
eGFR, fTBF. FRIEZY . MMy . FRNS2E (760 HT hs-CRP UM AL fr AR IEAS AT % RC; FEZMHT RC IUBEA | 4 1E A8 40 75 hs-CRP)
eGFR S/ Nk b 2, RCIL SR ASNH B A AEFEEL; RC.ARARNHERSE; hs-CRP: EHLCIMNV M ; CVD. LI A5

A 185 RCIL, 1 X CVD & Az XU Y 254 30
.

AWFFERIL, RCILK CVD RYFMAHEL T i)
hs-CRP 8, RC, TEEEARAL 1735 /il A RC. hs-CRP,
RCII, CH§%(. NRI¥JEH B K, IDIF>0, R
RV IESGE s R 2 - BT AR B, 25
% B RCI X CVD 14 F0 A {6 55 T Rl Y RC 5% hs-
CRP. W4k, ROC £k #r & Bl RCI HA f i 11
AUCTH (P<0.05), SEEAAFFE 45 A0, Chen %
X} 9898 242 5 # Bl 7 47 5 A IHL H Y RC e ffie
() A RS IN 1.7 485, %883 1 hs-CRP RB(E A TP 1) &
ARSI L4R5 T4 R 9 RCILRE M A< 1 & A K
B0 1.9 F% L AE SR SR AR Y ) BEah L 43 i A
RC. hs-CRP., RCIIJG, CHE%(. NRUKKIEM, #
B RCILAE A7 M IO A i & 2E o Yu SR 2
g5, AR ROC #2453 M1 RC I RCIL X 25
TR 3 H R AN R D) RBSS =) (2 Rankin 32 % 1T
Gy>2 40 T T A, 55K, RCILY AUCHE M
0.641(95%CI 0.595~0.688), RC [J AUC {H N 0.519

(95%CI1 0.475~0.564), #4271 RCII i 26 v i 3> H
JEAN RS R MR & . AR — 2581 T RCIT
X CVD B H A (AR i OB 2 ) A T
Brfl, Z55R00T B RC M hs-CRP, HE0
15645 AT B G I VD B & AR KU, R TR G
CVD S AR AL T B

AN, AR LI, BEARCIAf CVD, ##t
PR O BE . A H B & A XU 0 591 38 1.3 £
LA, 1.34%. 1N RCI A EZAR 415y, RCEH
UESE 500 M A S A G, — 0k [ & [ i BAF Y
BB, FERERIE A, s i RC AT i PO R
WG . AR A XU B 2896 1229 R fE— T3
R BENULALIFFEUESS , TR RC 54 B EE 220
S AR RS R, hs-CRP J&—Ff RAEFR Y,
J& CVD 1Y EE ALK IR, Chevli EP R, #
151 19 hs-CRP 1] fifi CVD (1) A& A= IRUBS: 34 i 1.23 7% . ik
Ab, W AT 25997 ML E] CVD R ARt 2 1
Bl hs-CRP [ REAREY, H TR Y75 Wl BRARE & M
CVD [ & A B, AW 50k — F B A R B,
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Fig.3 Associations of RCII with the risk of CVD and its subtypes using restricted cubic spline regression models (model 2)

P <0083 Pyuyyn<0.05. LI2RF R I RCIL R Z: P PF0 HR ;366 28 G 05 62 DB 407U HIR (5740 959 B 151
BI(CD); EOHRAFRSHHE. BOREIEAR . M. B, Jol RESEC REBER. MR, B . IR IAE . 55Nk
IR FTHE. BRIEZS . BEREZS . FEIRZS. RCILARARMABEAIEARE: CvD. LIS Pms

IR 128 %o 045 N BEHE Ik R 23 5 52 = T CRP/HDL-C MU AT { CVD . A5 Hb i 2 A8 XU 43+ 1l 44
e, BEEA BRI WS R iz e . i 319 1 37%; — T Bl fk o #F A L 2 % AF 5
Wang Z550% ] CHARLS ¥4k 122 0 & B1, %5755 B4 hs- (MESA) & ¥, 5 RC Hlhs-CRP XK1 AH L., RC J
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Tab.3 Incremental predictive value of RCII for CVD over traditional prediction models

Y CHEEUMTHEL(95%CT) NRI 3 (95%CI) IDI {3 (95%CT)
FLAREAY 0.7068(0.7023~0.7114) 1(Z%) 1(Z%)
FARIA+RC 0.7075(0.7029~0.7120) 0.1170(0.0963~0.1377) 0.0002(0~0.0003)
FEAHIAY +hs-CRP 0.7082(0.7037~0.7128) 0.1793(0.1587~0.1998) 0.0003(0.0002~0.0005)
HARKIRILRCIT 0.7084(0.7039~0.7129) 0.1961(0.1756~0.2166) 0.0003(0.0002~0.0005)

FERMBRIARE . AFWS . MR O . PR . ARTEAER. REEE . S . BEIRG . RIBRIAE . eGER. FTRF. PRIEZY . (AL
[ENEZ5 ., eGFR. HE B /IRt R RC.HRANAMEE; hs-CRP. B C RNV ET; RCIL FRANMEBERAEFEEL; CVD. LM% ; NRL ¥4

TR IR EE; IDL 2545 A e 5L

hs-CRP A = 25 ] 5 20y Jok ot A e L ek R ) 22 A KL
SN 143 5P G, AR —FEAR, O R
&l ARAL CVD AR RUR .

AWFFELE R W5, RCILS CVD [ 56 £ 7E4F I
<60 Z H e E I, AT RES B MR L e G A
FEMZIR . RIS AS BTG S RAE G, HAe R i
WU 2R TR B AR L P R A ), — i [
18 g HIT S PEOTSE (CKB) A& B, 5w 1) A R P O
352 8 AT e 0 O JUE S 114 i A KU R AT 139, HL
AR . AERE PRI B A = BRI AR E R
BRR O AT TGN, BRI EARAL
il ARG, (AR A TR RIS . Filan,
Zhang “ECU L B, FEAE R LR . AEMERR SR . LDL-C
<70 mg/ml I ANFET, 855 1Y RC AT 5 iR 30 ik e
(& AE B TR s Yu SR B, RCILZEAE M iR
T T A v P B R R TR AN (B 5 5 Chen 25093
F CHARLS #4 E MW &3, 7EdEmim s . b
PR% . LDL-C<100 mg/ml i AHE T, 4% /) RCIL 5
B A R AE XS A G . nTRE S R . R
I . rea B LA ) AR ol 452 25 3R T, R 55
T RCIL 525 Jiy S 1) IR B A OG- AR 53 g )
FHZ5 WA A B8 BB X5 Aol FH 2590 1 1ot 1) e e
T W, 2L R TT 259 B Ff 245 %) RCIL-
CVD KRR, Jf7E CvD B h A4 Ak
RN, DR e TR

5 Lk, ARWEGER T B R B R B,
RCII 5 CVD W1 AHOC, B RCIZKF-HFHH, CVD
) 2% A RS ARG = 38, . RCIUXF CVD (T3 (B
T Bl RC 5k hs-CRP. IEAD, A 5838 i HEBR AR
KR ARHE, HEATHURE AT S )20, e
TEIRA TR, SR, ARWFRAI A AE — L Ry R -
(1)K M RC 238 1t A AR kY, iR B
WU, WTRESA SBREE R A~ R (2)R
EXHR A R IEAT T 746 A, (A4 ] BEAETEIE
RIRHN R, T ZIA TR B A — 2505
BRI ICEL s (3) SR HERISY , JCIIE S -

il o EFXT LRI, ARRAGAFFE AT LA AR A
BT (1) R I A0 AR 45 BB 7 vE ) RC i
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