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Abstract ; Objective ~ To investigate the association between lifestyle and the incidence and development trajectory of
cardiometabolic multimorbidity. Methods Based on the China Health and Retirement Longitudinal Study ( CHARLS) from
2011 to 2020, a total of 8 202 individuals aged 45 years and older were included. A Multi — state Markov model (MSM) was
applied to analyze the effects of lifestyle on the trajectories of cardiometabolic multimorbidity. Results The disease progression
trajectories mainly involved transitions from health to first cardiometabolic diseases ( FCMD ), health to cardiometabolic
multimorbidity (CMM ) and FCMD to CMM. During the follow — up period, 2 962 participants developed FCMD, 687
participants developed CMM, and 699 participants died. The results indicated that transitioning from health to FCMD, being
overweight or obese, having longer nighttime sleep duration, and lacking a habit of daytime naps were positively associated with
FCMD, which were 1.40(95% CI; 1.30 - 1.52) times, 1.16(95% CI. 1.02 - 1.32) times, and 1.21(95% CI; 1.06 -
1.39) times higher than those of healthy lifestyle people, respectively. During the transition from health to CMM, being
overweight or obese was positively associated with the increased incidence of CMM ( HR =1.42,95% CI. 1.06 —1.90).
Transitioning from FCMD to CMM, only overweight or obesity was observed as a risk factor (HR =1.44,95% CI. 1.17 -
1.78). Conclusion  Lifestyle may increase the risk of cardiometabolic diseases and multimorbidity, emphasizing the
importance of lifestyle interventions in health management practices.

Keywords: Middle — aged and older adults; Cardiometabolic multimorbidity ; Multi — state Markov model ; Lifestyle
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Fig.2 Disease state transition in study subjects
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Table 1 Characteristics of study participants at baseline(n =8 202)

AR Bk (n=8202) 3E CMM (n =7 515) CMM (n =687) X/ Z P{Y
AR (%) (%) 28.651 <0.001*
45 ~50 1942(23.7) 1.836(24.4) 106(15.4)
>50 ~ <60 2 835(34.6) 2579(34.3) 256(37.3)
=60 3 425(41.8) 3100(41.3) 325(47.3)
PER,n(% ) 1.330 0.248
5 4023(49.0) 3701(49.2) 322(46.9)
s 4179(51.0) 3 814(50.8) 365(53.1)
Bl ,n(% ) 2.329 0.118
f R 2352(28.7) 5013(66.7) 438(63.8)
ERR 2751(33.5) 2502(33.3) 249(36.2)
HE KT n(%) 0.861 0.355
INE R 5849(71.3) 5348(71.2) 501(72.9)
e R DL 2352(28.7) 2 166(28.8) 186(27.1)
WSWAARSE , n (% ) <0.001 0.951
&h 7217(88.0) 6 613(88.0) 604(87.9)
B e RIS 985(12.0) 902(12.0) 83(12.1)
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(#:3%)
A S (n =8 202) 4E CMM (n =7 515) CMM (n =687) X/ Z P
AR, n(% ) 1.417 0.225
2T 1011(12.3) 916(12.2) 95(13.8)
E[SaT| 7 191(87.7) 6 599(87.8) 592(86.2)
HEBZREEL  n (%) 3.427 0.062
MRr ! 1586(19.3) 1472(19.6) 114(16.6)
e R 6616(80.7) 6 043(80.4) 573(83.4)
SEATREL 0 (%) 2.871 0.085
RS 3 154(38.5) 2911(38.7) 243(35.4)
AT TR 5048(61.5) 4.604(61.3) 444(64.6)
PM, s 5 & (pug/m’ ) ,M(IQR) 43.3(31.3) 43.0(30.5) 48.3(33.5) -4.874 < 0.001"
1o Il R 72.890 <0.001%
X 2913(35.5) 2566(34.1) 347(50.5)
5 5289(64.5) 4.949(65.9) 340(49.5)
NG 55 3.550 0.055
T 5938(72.4) 5419(72.1) 519(75.5)
H 2264(27.6) 2096(27.9) 168(24.5)
1EF n(% ) 76.734 <0.001*
EH 4.074(49.7) 3 820(50.8) 254(37.0)
s 618(7.5) 587(7.8) 31(4.5)
o 3510(42.8) 3108(41.4) 402(58.5)
RSB n (% ) 0.001 0.932
NveL) 5574(68.0) 5108(68.0) 466(67.8)
v eli] 2 628(32.0) 2 407(32.0) 221(32.2)
AR ,n (% ) 1.452 0.220
N 5471(66.7) 4998(66.5) 473(68.9)
W2 A 2731(33.3) 2517(33.5) 214(31.1)
PEIAIBENR (h) ,n(% ) 1.249 0.523
<6 4207(51.3) 3717(49.5) 351(51.1)
6~ <8 3410(41.6) 3 138(41.8) 272(39.6)
=8 4068(49.6) 660(8.8) 64(9.3)
H AR, n (% ) 0.380 0.480
H 7 634(93.1) 6999(93.1) 635(92.4)
X 568(6.9) 516(6.9) 52(7.6)
1 IIESNED 0 (%) 0.324 0.540
H 3206(39.1) 2930(39.0) 276(40.2)
I 4.996(60.9) 4585(61.0) 411(59.8)
REIRL ,n (%) 2.772 0.088
3%/H 6929(84.5) 6 333(84.3) 596(86.8)
E3%/H 1273(15.5) 1182(15.7) 91(13.2)

7 : CMM, cardiometabolic multimorbidity, .C> il 45 1 Cigf 4 395 ; M . median , "3 %5 ; IQR : interquartile range , P/ 3¢ [A] i ;a P <0. 001,
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1.39) , 7 (Al BRHR ] > 8h J2 7% (Al FEAR A /E] 6 ~ 8h
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FCMD 2 8] &2 AR, R 3, HHEEM 53
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Table 2 Associations between lifestyle factors and different transition stages

. {@tFE—FCMD {gfE—CMM fHEFR—3ET
i HR(95% CI) P HR(95% CI) P HR(95% CI) P14
i

1EH 1.00(ref. ) 1.00(ref. ) 1.00(ref. )

ik E 0.90(0.77, 1.06)  0.206 0.71(0.37, 1.37)  0.310 1.97(1.58,2.45) <0.001

AT I 1.40(1.30,1.52) <0.001 1.42(1.06,1.90)  0.017 0.80(0.65,0.97) 0.027
WA

~ 1.00(ref. ) 1.00(ref. ) 1.00(ref. )

2 1.04(0.94, 1.15)  0.446 0.92(0.65, 1.32)  0.665 0.99(0.82, 1.20) 0.913
B B

= 1.00(ref. ) 1.00(ref. ) 1.00(ref. )

B 0.97(0.89, 1.06)  0.534 0.96(0.69, 1.33)  0.817 1.17(0.97, 1.41) 0.107
REAHHL

IEH =8 1.00(ref. ) 1.00(ref. ) 1.00(ref. )

=4 0.91(0.82,1.01)  0.075 0.89(0.59, 1.33)  0.564 1.24(1.01, 1.52) 0.037
I

g 1.00(ref. ) 1.00(ref. ) 1.00(ref. )

¥ 1.01(0.94,1.09)  0.813 1.07(0.81, 1.40)  0.643 1.18(0.99, 1.40) 0.063
F (] B A

H 1.00(ref. ) 1.00(ref. ) 1.00(ref. )

X 1.21(1.06, 1.39)  0.005 0.69(0.38, 1.27)  0.235 1.42(1.08,1.87) 0.013
W [A]HEAR (h)

6~ <8 1.00(ref. ) 1.00(ref. ) 1.00(ref. )

<6 1.05(0.97, 1.13)  0.224 1.12(0.85, 1.48)  0.419 0.94(0.79, 1.12) 0.493

=8 1.16(1.02,1.32)  0.023 1.06(0.64, 1.74)  0.831 1.01(0.76, 1.35) 0.930
. FCMD—CMM FCMD—3ET-
i HR(95% CI) P HR(95% CI) PAE
Al

EH# 1.00(ref. ) 1.00(ref. )

Py NG 0.94(0.59, 1.48)  0.784 1.54(0.89,2.66)  0.125

e T BT 1.44(1.17,1.78)  0.001 0.91(0.60,1.40)  0.676
WA T

= 1.00(ref. ) 1.00(ref. )

B 1.00(0.78, 1.28)  0.991 1.39(0.89,2.19)  0.150
PRI L

N 1.00(ref. ) 1.00(ref. )

A 1.15(0.91, 1.44)  0.243 1.04(0.68,1.59)  0.870
WEEL

EH =8 1.00(ref. ) 1.00(ref. )

=4 1.10(0.84,1.45)  0.482 1.19(0.74, 1.90)  0.477
IRRESINERV

H 1.00(ref. ) 1.00(ref. )

¥ 0.93(0.77, 1.12)  0.419 1.35(0.91,2.00)  0.133
H 1) A AR

H 1.00(ref. ) 1.00(ref. )

T 1.01(0.73, 1.40)  0.960 0.95(0.52, 1.76)  0.877
7 1] BERR (h)

6~ <8 1.00(ref. ) 1.00(ref. )

<6 1.04(0.86, 1.27)  0.683 1.27(0.84,1.93)  0.263

=8 0.96(0.69, 1.34)  0.829 1.58(0.89,2.79)  0.118

T : HR harzard ratio, X[ bt ; CI, confidence interval , & {5 X [i] ; FCMD , first cardiometabolic disease, 7 % /0> Ifil & A i P %< 45 ; CMM , cardiometabolic
multimorbidity, O A AR . ik P <0.05,
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Fig.3 Associations of lifestyle factors with the incidence of FCMD and CMM
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