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[ Abstract | Objective To investigate the association between the variability of remnant cholesterol
inflammatory index (RCII), a novel composite biomarker, and the risk of stroke, in order to provide a
theoretical basis for stroke prevention. Methods A prospective cohort study was conducted on 38 659
Kailuan individuals who took annual physical examinations in 2006, 2008, and 2010. These subjects were
erouped based on the quartiles of RCII variability, which was represented by standard deviation (SD) and
average teal variability (ARV), and were followed up every 2 years, with the occurrence of stroke (including
ischemic and hemorrhagic strokes), death, or the end of follow-up on December 31, 2022 as the endpoints.
Kaplan-Meier method was used to calculate the cumulative incidence rate of endpoint events across different
groups, and log-rank test was used to compare the difference of cumulative incidence of endpoint events in
each group. Multivariate Cox proportional hazards regression model was adopted to analyze the association
between RCII variability and risk of stroke. Results Among the 38 659 participants, a total of 2 539 strokes
occurred during a mean follow-up period of 11.22+2. 26 years. After adjusting confounding factors, when the
participants were grouped by the quartiles of RCIT-SD, the hazard ratio (HR) for stroke was 1. 034 (95%CI:
0.917~1. 167, P=0.584), 1. 146 (95%CI: 1.018~1.290, P=0.025), and 1.209 (95%CI: 1.066~1. 370,
P=0. 003), respectively in the Q2, Q3, and Q4 groups, when compared with the Q1 group (P, <0. 05). When
they were grouped by the quartiles of RCITI-ARV, the HR for stroke was 1.008 (95%CI: 0. 894~1. 136,
P=0.901), 1.109 (95%CI: 0.986~1.248, P=0.085), and 1.152 (95%CI: 1.018~1.303, P=0.025),
respectively, in the Q2, Q3, and Q4 groups, when compared with the Q1 group. Furthermore, both sensitivity
and stratified analyses yielded similar results. Conclusion RCII variability is significantly associated with
stroke, and the risk of stroke is gradually increasing with increment of the variability. Countermeasures
Relevant authorities can focus on reducing RCII variability as a central objective by establishing regular
monitoring mechanism, strengthening lifestyle interventions, and standardizing dietary, exercise, and weight
management in order to suppress the index fluctuations. The principle of stable lipid-lowering in medication
and optimization of therapeutic regimens with stable efficacy should be emphasized to prevent the risk of
additional vascular damage.
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Table 1 Baseline characteristics of the participants grouped according to the quartiles of RCII-SD [x+s,n(%), M(P,,P,,) |

Factors Total (n=38 659) Q1 (n=9 664) Q2 (n=9 665) Q3 (n=9 665) Q4 (n=9 665) P value
RCIT-SD/(mmol/L.) 3.9(1.5~10.0) 0.8(0.5~1.1) 2.5(2.0~3.1) 6.0(4.9~7.6)  20.3(13.5~35.7)  <0.001
Agelyears 53.2+11.8 51.5+11.8 52.6x11.6 53.3+11.6 55.6x11.7 <0. 001
Male 29 318(75.8) 7205(74.6) 7466(77.2) 7425(76.8) 7222(74.7) <0. 001
Total cholesterol/(mmol/L) 5.11.1 4.8+0.9 5.120.9 5.2+1.0 5.3%1.3 <0. 001
gﬁg”li‘;::;g(hr;’[‘r’ﬁ;’ﬁ‘;l“ 2.620.8 2.6+0.7 2.7+0.7 2.7+0.8 2.541.0 <0.001
fﬁfﬁ_iﬁ:{fi%ﬁﬁ;ﬁ‘)"‘“ 1.5(1.2-1.8) 1.6(1.3~1.9) 1.5(1.3-1.8) 1.4(1.2-1.8)  1.4(1.2-1.7)  <0.001
Remnant cholesterol/(mmol/L) 0.7(0.4~1.3) 0.5(0.3~0.8) 0.7(0.4~1.1) 0.7(0.4~1.3) 1.1(0.5~2.0) <0. 001
Remnant cholesterol/(mg/dL) ~ 26.7(15.1~49.1)  18.6(12.0~30.9) 25.9(15.5~43.3) 28.6(16.2~48.7) 42.9(20.5~77.3)  <0.001
hs-CRP/(mg/L) 1.3(0.7~2.9) 0.7(0.4~1.2) 1.2(0.7~2. 1) 1.8(0.9~3.3) 2.9(1.2~5.9) <0. 001
hs-CRP/(mg/dL) 0.1(0. 1~0.3) 0.1(0.0~0.1) 0.1(0.1~0.2) 0.2(0.1~0.3) 0.3(0. 1~0. 6) <0. 001
eGFR/ [mL/(min+1. 73 m*) ] 91.0+19. 4 92.2+19. 4 91.5+19.9 91.2+18.7 89.2+19.3 <0. 001
Current smoker 13216(34.2) 3077(31.8) 3367(34.8) 3545(36.7) 3227(33.4) <0. 001
Current drinker 13 864(35.9) 3417(35.4) 3646(37.7) 3678(38.1) 3123(32.3) <0. 001
Physical activity 5620(14.5) 1394(14.4) 1372(14.2) 1450(15.0) 1404(14.5) 0. 442
Snorer 15 750(40.7) 3608(37.3) 4078(42.2) 4334(44.8) 3730(38.6) <0. 001
BMI/ (kg/m®) <0. 001
Normal/underweight (<24 ) 15515(40. 1) 4997(51.7) 3913(40.5) 3441(35.6) 3164(32.7)

Overweight (24~<28) 16 145(41. 8) 3680(38.1) 4101(42.4) 4223(43.7) 4141(42.8)

Obese (=28) 6999(18.1) 987(10.2) 1651(17.1) 2001(20.7) 2360(24.4)

Hypertension 17 763(45.9) 3623(37.5) 4450(46.0) 4621(47.8) 5069(52.4) <0. 001
Diabetes 4307(11.1) 626(6.5) 923(9.5) 1177(12.2) 1581(16.4) <0. 001
Hyperlipemia 13294(34. 4) 2007(20.8) 3094(32.0) 3840(39.7) 4353(45.0) <0. 001
Antihypertensive drugs 7227(18.7) 1242(12.9) 1694(17.5) 1975(20. 4) 2316(24.0) <0. 001
Hypoglycemic drugs 2327(6.0) 363(3.8) 482(5.0) 628(6.5) 854(8.8) <0. 001
Lipid-lowering drugs 879(2.3) 131(1.4) 198(2.0) 210(2.2) 340(3.5) <0. 001
RCIL,, 3.7(1.4~9.4) 1.5(0.7~2.6) 3.9(1.6~6.1) 6.2(1.9~12.3)  12.1(3.4~32.6)  <0.001
RCILy 4.8(1.9~11.7) 1.7(0.9~2.8) 4.3(2.2~6.5) 9.5(3.8~14.3)  16.7(6.0~32.4)  <0.001
RCILy, 2.9(0.9~9.6) 1.1(0. 4~2.3) 2.4(0.8~5.4) 4.3(1.3~11.5)  20.9(4.1~52.1)  <0.001
RCI-ARV 4.8(1.8~12.7) 1.0(0. 6~1.4) 3.0(2.3~4.0) 7.7(5.7~10.2)  25.8(17.5~44.2)  <0.001

RCII: Remnant cholesterol inflammatory index; SD: Standard deviation; hs-CRP: High-sensitivity C-reactive protein; eGFR: Estimated

glomerular filtration rate; ARV : Average real variability
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A: RCII-SD cumulative incidence rate curve for new-onset stroke; B: RCII-ARV cumulative incidence rate curve for new-onset

stroke. RCII: Remnant cholesterol inflammatory index; SD: Standard deviation; ARV : Average real variability
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Figure 1 Cumulative incidence of new-onset stroke in different variabilities of RCII
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Table2 Association between RCII variability and risk of stroke in the participants by Cox proportional hazards regression analysis

Incidence HR (95% CI)
Factors Event/Total
density Model 1 Model 2 Model 3 Model 4
RCII-SD
Q1 495/9 664 4.49 Ref. Ref. Ref. Ref.
Q2 579/9 665 5.29 1.135(1. 007~1. 280) 1.037(0.919~1.170)  1.034(0.917~1. 167) 1.037(0.919~1. 171)
Q3 668/9 665 6.17 1.299(1. 157~1. 460) 1.153(1. 025~1.298) 1. 146(1.018~1.290) 1.156(1. 027~1.301)
Q4 797/9 665 7.53 1.470(1.313~1. 645) 1.241(1. 105~1.394)  1.209(1.066~1.370)  1.258(1.105~1.431)
vend <0. 0001 <0. 0001 0. 0008 0. 0001
Per SD increase 1.094(1.059~1.130)  1.056(1.021~1.093)  1.043(1.000~1.087)  1.081(1.028~1.136)
RCII-ARV
Q1 510/9 664 4.63 Ref. Ref. Ref. Ref.
Q2 576/9 665 5.26 1.097(0. 974~1. 236) 1.011(0.897~1.139)  1.008(0. 894~1. 136) 1.011(0. 897~1. 140)
Q3 667/9 665 6.16 1.263(1. 125~1.417)  1.119(0. 995~1. 258) 1.109(0. 986~1. 248) 1.119(0. 995~1. 259)
Q4 786/9 665 7.42 1.396(1.249~1.562) 1.189(1.060~1.334)  1.152(1.018~1.303)  1.192(1.049~1.354)
vend <0. 0001 0. 0006 0. 0083 0.0021
Per SD increase 1.089(1.055~1.125)  1.055(1.020~1.091)  1.041(1.001~1.083)  1.062(1.018~1. 108)

Model 1 was adjusted for age and sex; Model 2 was adjusted for variables in model 1 and smoking, alcohol consumption, body mass index, physical activity,

diabetes, hypertension, hyperlipemia, eGFR, snoring, antihypertensive, lipid-lowering and glucose-lowering drugs; Model 3 was adjusted for variables in

model 2 and RCII in 2010; Model 4 was adjusted for variables in model 2 and RCII in 2006. RCII: Remnant cholesterol inflammatory index; SD: Standard

deviation; ARV: Average real variability; eGFR: Estimated glomerular filtration rate; Ref: Reference; HR: Hazard ratio; CI: Confidence interval. The

incidence density is per 1 000 person-years.
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Table 3 Associations between RCII variability and risk of ischemic stroke in the participants by Cox proportional hazards

regression analysis

HR (95% CI)

Factors Event/Total ncidence
density Model 1 Model 2 Model 3 Model 4
RCII-SD
01 453/9 664 4.10 Ref. Ref. Ref. Ref.
02 519/9 665 4.73 1.111(0.980~1.260)  1.005(0.886~1.141)  1.002(0.883~1.138)  1.006(0. 886~1. 142)
Q3 611/9 665 5.63 1.299(1. 150~1.467) 1. 136(1.004~1.285)  1.126(0.994~1.275) 1. 138(1.006~1.289)
Q4 730/9 665 6. 88 1.472(1.309~1.656)  1.221(1.081~1.378)  1.177(1.032~1.342)  1.240(1.083~1.419)
P <0. 0001 0. 0001 0. 0036 0. 0004
Per SD increase 1.094(1.057~1.132)  1.053(1.016~1.092)  1.033(0.989~1.079)  1.076(1.021~1. 134)
RCI-ARV
01 461/9 664 4.17 Ref. Ref. Ref. Ref.
02 525/9 665 4.79 1.106(0.976~1.254)  1.011(0.892~1.147)  1.007(0. 888~1.142)  1.011(0.892~1.147)
Q3 607/9 665 5.60 1.272(1.127~1.435) 1. 111(0.982~1.257)  1.099(0.971~1.244)  1.112(0. 983~1.258)
04 720/9 665 6.78 1.417(1.260~1.594)  1.187(1.052~1.339)  1.139(1.001~1.297)  1.192(1.043~1.362)
<0. 0001 0.0013 0. 0205 0. 0036

trend

.091(1.055~1.129)

Per SD increase

.054(1.018~1.092) 1.

036(0.993~1.080)  1.062(1.016~1.110)

Model 1 was adjusted for age and sex; Model 2 was adjusted for variables in model 1 and smoking, alcohol consumption, body mass index, physical

activity, diabetes, hypertension, hyperlipemia, eGFR, snoring, antihypertensive, lipid-lowering and glucose-lowering drugs; Model 3 was adjusted for

variables in model 2 and RCII in 2010; Model 4 was adjusted for variables in model 2 and RCII in 2006. RCII: Remnant cholesterol inflammatory index;

SD: Standard deviation; ARV : Average real variability; eGFR: Estimated glomerular filtration rate; Ref: Reference; HR: Hazard ratio; Cl: Confidence

interval. The incidence density is per 1 000 person-years
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Table 4 Associations between RCII variability and risk of hemorrhagic stroke in the participants by Cox
proportional hazards regression analysis
Incidence HR (95% CI)
Factors Event/Total
density Model 1 Model 2 Model 3 Model 4

RCII-SD

Q1 56/9 664 0.50 Ref. Ref. Ref. Ref.

Q2 73/9 665 0. 65 1.262(0.891~1.788)  1.240(0.873~1.760) 1.249(0. 880~1. 774) 1.242(0. 875~1. 764)

Q3 81/9 665 0.73 1.375(0.978~1.933)  1.385(0. 980~1.958) 1.416(1. 000~2. 005) 1.395(0. 986~1.974)

Q4 92/9 665 0.85 1.466(1.050~2.047)  1.451(1.030~2.044) 1.577(1.091~2.279) 1.520(1. 039~2.226)

P 0. 0237 0. 0292 0.0120 0. 0234

Per SD increase 1.081(0.982~1.190)  1.074(0.974~1. 184) 1. 112(0. 996~1. 242) 1. 131(0. 986~1.297)
RCII-ARV

Q1 64/9 664 0.57 Ref. Ref. Ref. Ref.

Q2 66/9 665 0.59 0.998(0.707~1.407)  0.985(0.697~1.392) 0.991(0. 701~1. 401) 0.986(0. 698~1.394)

Q3 82/9 665 0.74 1.222(0. 881~1.695)  1.222(0. 877~1.704) 1.244(0. 890~1. 738) 1.227(0. 879~1.713)

Q4 90/9 665 0. 83 1.246(0.903~1.720)  1.227(0. 882~1.708) 1.304(0.916~1. 857) 1.257(0. 870~1. 816)

P, 0. 0957 0.1191 0.0712 0.1197

trend

1. 064(0. 966~1. 172)

Per SD increase

1. 056(0. 957~1. 165)

1.082(0.971~1.206)

1.072(0. 948~1.212)

Model 1 was adjusted for age and sex; Model 2 was adjusted for variables in model 1 and smoking, alcohol consumption, body mass index, physical

activity, diabetes, hypertension, hyperlipemia, eGFR, snoring, antihypertensive, lipid-lowering and glucose-lowering drugs; Model 3 was adjusted for

variables in model 2 and RCII in 2010; Model 4 was adjusted for variables in model 2 and RCII in 2006. RCII: Remnant cholesterol inflammatory index;

SD: Standard deviation; ARV : Average real variability; eGFR: Estimated glomerular filtration rate; Ref: Reference; HR: Hazard ratio; Cl: Confidence

interval. The incidence density is per 1 000 person-years
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Table 5 Sensitivity analysis for the association between RCII variability and risk of stroke

HR (95% CI)

Factors » Per SD increase
Q1 Q2 Q3 Q4

RCIL-SD
Sensitivity analysis 1(n=38 395)  Ref. (0.9;4?T§183) (1.05%1??310) (1.0;53?9388) 0- 0007 (0.955?19086)
Sensitivity analysis 2(n=37450)  Ref. (0.8;4?1}144) (0.9;81?7272) (1.0ii1?%346) 00026 (0.9;5?%7073)
Sensitivity analysis 3(n=37152)  Ref (0.9%6??§186) (1.0%61?7296) <1.0;é%?é392) 0- 0008 (1.055??}097)
Sensitivity analysis 4(n=38 659)  Ref. «xJ%ﬁ%m7) <Lokff2m» (LO&£T27M <0-0001 (LO&S?OW)

RCIL-ARV
Sensitivity analysis 1(n=38 395)  Ref. (0.9éb?§§151) (1.oéb£%?272) (1.0%&112329) 00043 (1.oéi?1?oss)
Sensitvity analysis 2037 450)  Rel. (0 e ) (o ogaiias)  (LooieLaso)  “O1 (g ogsit o7
Semstviy analysis 3r=37 12) Rel. (0 01060y (o ogserase)  (Lozoelzn O (1 oset 090)
Sensitivity analysis 4(n=38 659)  Ref. 1. 008 . 109 1. 152 0. 0083 1. 041

(0. 894~1.136)

(0.986~1.248)

(1.018~1.303)

(1.001~1.083)

Sensitivity analysis 1: Exclude individuals with new-onset cases within first 1 years of follow-up; Sensitivity analysis 2: Exclude individuals who

experienced myocardial infarction or atrial fibrillation or cancer history; Sensitivity analysis 3: Exclude individuals who had ever used lipid-lowering

medications. Sensitivity analysis 4: Competing risk regression to address mortality related confounding. Model was adjusted for age, sex, smoking,

alcohol consumption, body mass index, physical activity, diabetes, hypertension, hyperlipemia, eGFR, snoring, antihypertensive, lipid-lowering and

glucose-lowering drugs, and RCII in 2010. RCII: Remnant cholesterol inflammatory index; SD: Standard deviation; ARV: Average real variability;

eGFR: Estimated glomerular filtration rate ; Ref: Reference; HR: Hazard ratio; CI: Confidence interval

#*6 RCIMERMESZERIKREBENSESHT

Table 6 Stratified analysis for the associations between RCII variability and risk of stroke

HR (95% CI)

Factors . eraction vend Per SD increase
Q1 Q2 Q3 Q4

RCII-SD
Age<60 0.41 Ref. 1.109(0. 950~1.294) 1. 156(0.989~1.351)  1.385(1. 173~1.636) 0. 000 2 1.067(1.007~1. 131)
Age=60 Ref.  0.955(0.786~1.161) 1. 188(0.988~1.429)  1.140(0.941~1.381) 0.0455 1. 053(0. 994~1. 116)
Female 0.07 Ref. 1.106(0. 780~1.568)  1.319(0.941~1.850)  1.564(1.115~2.195) 0.003 6 1. 053(0. 954~1. 162)
Male Ref. 1.023(0.899~1.163)  1.121(0.987~1.273) 1. 151(1.005~1.319) 0.0176 1. 040(0. 994~1. 089)
RCII-ARV
Age<60 0.13 Ref. 1.035(0. 887~1.208) 1. 157(0.993~1.348)  1.339(1. 138~1.576) 0. 000 2 1.068(1.014~1. 126)
Age=060 Ref.  0.996(0.823~1.204) 1.106(0.919~1.330)  1.079(0. 893~1. 303) 0.2800 1. 046(0. 988~1. 107)
Female 0.02 Ref. 1.300(0.921~1.835)  1.111(0.783~1.576)  1.775(1.271~2.478) 0.0013 1. 063(0. 965~1. 170)
Male Ref.  0.969(0.853~1.102) 1.111(0.980~1.259)  1.060(0.927~1.212) 0.1355 1. 038(0. 994~1. 084)
Model was adjusted for age, sex, smoking, alcohol consumption, body mass index, physical activity, diabetes, hypertension, hyperlipemia, eGFR,

snoring, antihypertensive, lipid-lowering and glucose-lowering drugs, and RCII in 2010. RCII: Remnant cholesterol inflammatory index; SD: Standard

deviation; ARV : Average real variability ; eGFR : Estimated glomerular filtration rate; Ref: Reference; HR: Hazard ratio; CI: Confidence interval

IR L P B AR e TR AR A TR
REAT 5L, D2 R 22 1 2R 4., 51 e SR S I B 5 I 9%

W B2 I% L AT 14— 25 41 20 30 Ik ok RE B Ak BE B 1 T
J2 R L R R VT IR i B ik
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Table 7 Cox proportional regression analysis of mean RCII and risk of stroke and its subtypes
Factors Event/Total Incidence HR (95% CI)
density Model 1 Model 2 Model 3 Model 4
Stroke
Q1 462/9 664 4.17 Ref. Ref. Ref. Ref.
Q2 575/9 665 5.25 1.166(1.031~1.318) 1. 063(0. 939~1. 203) 1.061(0. 937~1. 200) 1. 064(0. 940~1. 204)
Q3 691/9 665 6.40 1.372(1.219~1. 544) 1. 182(1. 047~1.335) 1. 175(1. 040~1. 327) 1. 186(1. 050~1.339)
Q4 811/9 665 7.69 1.568(1.397~1.759) 1.263(1. 119~1. 425) 1.228(1.076~1.402) 1.284(1. 121~1.472)
e <0.001 <0.001 <0.001 <0.001
Per SD increase 1. 118(1. 082~1. 154) 1.063(1.027~1.101) 1. 056(1. 006~1. 109) 1. 117(1. 055~1. 183)
Ischemic Stroke
Q1 411/9 664 3.70 Ref. Ref. Ref. Ref.
Q2 522/9 665 4.75 1.190(1. 046~1. 355) 1.075(0. 944~1.225) 1.072(0. 941~1.222) 1.076(0. 945~1.227)
Q3 637/9 665 5.86 1.423(1.257~1.612) 1.206(1.061~1.370) 1.195(1.051~1. 359) 1.209(1. 064~1.375)
Q4 743/9 665 7.03 1.618(1.433~1. 827) 1.276(1. 124~1. 450) 1.227(1.068~1.411) 1.302(1. 128~1.502)
Py <0.001 <0.001 0.001 <0.001
Per SD increase 1.124(1.087~1. 162) 1.065(1.028~1. 104) 1. 051(0. 999~1. 106) 1. 126(1. 061~1. 194)
Hemorrhagic Stroke
Q1 60/9 664 0.53 Ref. Ref. Ref. Ref.
Q2 575/9 665 0.67 1.162(0. 827~1. 632) 1. 154(0. 819~1. 626) 1. 164(0. 826~1. 641) 1.157(0. 821~1. 631)
Q3 73/9 665 0. 66 1.094(0. 777~1. 540) 1. 100(0. 775~1. 564) 1.127(0. 792~1. 606) 1.111(0. 781~1. 580)
Q4 94/9 665 0. 87 1.360(0. 982~1. 884) 1.326(0. 942~1. 868) 1. 464(1.004~2. 134) 1.405(0. 962~2. 074)
P 0.092 0. 140 0.075 0.138

trend

1. 044(0. 943~1.157)

Per SD increase

1.

028(0.925~1. 142) 1.077(0. 931~1. 245) 1. 032(0. 860~1. 240)

Model 1 was adjusted for age and sex; Model 2 was adjusted for variables in model 1 and smoking, alcohol consumption, body mass index, physical

activity, diabetes, hypertension, hyperlipemia, eGFR, snoring, antihypertensive, lipid-lowering and glucose-lowering drugs; Model 3 was adjusted for

variables in model 2 and RCII in 2010; Model 4 was adjusted for variables in model 2 and RCIT in 2006. RCII: Remnant cholesterol inflammatory index;

SD: Standard deviation; ARV: Average real variability; eGFR: Estimated glomerular filtration rate; Ref: Reference; HR: Hazard ratio; Cl: Confidence

interval. The incidence density is per 1 000 person-years
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