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Abstract

Objective: To explore the association between core chronic comorbidities, their progression trajec-
tories, and metabolism-related indicators in middle-aged and elderly populations. Methods: This
study was based on the baseline data (2011) and follow-up survey data (2013, 2015, 2018, 2020)
from the China Health and Retirement Longitudinal Study (CHARLS), with a total of 8224 middle-
aged and elderly individuals aged 45 years and above enrolled. The Apriori algorithm was used to
screen core chronic diseases among comorbidities and mine comorbidity association rules, while
time series cluster analysis was applied to identify the progression trajectories of core chronic
comorbidities. Finally, a multinomial Logistic regression model was used to analyze the association
between metabolism-related indicators and core chronic comorbidities as well as their progression
trajectories, after adjusting for factors such as age, gender, educational level, marital status, smok-
ing status, drinking frequency, and social interaction frequency. Results: Six core chronic comorbid-
ities were identified via the Apriori algorithm, including arthritis or rheumatism, hypertension, di-
gestive system diseases, dyslipidemia, heart disease, and chronic lung disease. Two major comor-
bidity clusters centered on arthritis or rheumatism and hypertension were detected. Based on time
series cluster analysis, the progression trajectories of core chronic comorbidities in middle-aged
and elderly populations were classified into three categories: “low comorbidity burden group” (n =
3855; mean number of core chronic diseases at baseline: 0.59), “moderate comorbidity burden
group” (n = 3046; mean number of core chronic diseases at baseline: 1.91), and “high comorbidity
burden group” (n = 1323; mean number of core chronic diseases at baseline: 3.48). Multinomial
Logistic regression results showed that compared with the Q1 group, the TyG Q2 group (OR =1.212,
95% CI: 1.079~1.363) and BMI Q3 group (OR = 1.136, 95% CI: 1.008~1.281) were both associated
with an increased risk of arthritis or rheumatism. The Q2 and Q3 groups of all metabolic indicators
were related to an elevated risk of hypertension, among which the BMI Q3 group showed the strong-
est association (OR = 5.210, 95% CI: 4.509~6.020). Taking the “low comorbidity burden group” as
the reference, the risks of the “moderate comorbidity burden group” and “high comorbidity bur-
den group” increased with the elevation of percentiles of metabolism-related indicators. The
most significant associations were observed with BMI Q3 (moderate burden: OR = 1.736, 95% CI:
1.530~1.969; high burden: OR = 4.251, 95% CI: 3.570~5.062) and cMetS Q3 (moderate burden: OR
= 1.892, 95% CI: 1.675~2.138; high burden: OR = 3.555, 95% CI: 3.005~4.207). Conclusion: Obesity
plays a central role in the occurrence and development of comorbidities, and weight management
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is recommended as a core strategy for chronic disease prevention and control in middle-aged and
elderly populations. Heterogeneity exists in the progression trajectories of comorbidities among
middle-aged and elderly individuals, and precise interventions should be implemented based on
these heterogeneous trajectories. Metabolism-related indicators can provide an index basis for re-
fined prevention and control strategies.
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BEE N O 2R EEAWINGR, 24 AR S50 (48 [ — M [RS8 PRl A L _EA8 1
fai bR “IL 7 )R H R R FLkeE AN DS AR SR, REZ 1.8 285N 20 —Figtm
[17[2], HIWIR AR R[3]. A EEHEEAE LW, 5EREREZ TR 4], 5588 E
FARLG, AR R A I B R AR ST, RS2 T E ) RS T 545 AR5] [6].

PR BB &K A 5k R B A ARl . 2T FE R, s IR b . Hh =fg. i
JE RO B S A O AR B AR T 8, AU O MUV R PR S5 B — 12 PR I B i e B (R 2R, ik ] o ik
By EARP MU SAESENLH], JLRIRE) 2 MgV R A SRR, RIS s KR 5 ™ SR [ 7]
[10] TIAREAHOCHRFR, 405 7 S48 2(Body Mass Index, BMI). [ [#|(Waist Circumference, WC). JE4E
22 5 1EPE43 (Continuous Metabolic Syndrome Score, cMetS) [117F1H Jh =g - % 4 ¥ 5 E (triglyceride-
glucose index, TyG f540)[12], ReffHFIMERERE M IMPE. MG MRS G S, 2Eim s sy LA
R ELAEE

A 2 NSO 78 2 2L TREWT I 250, AR DT 2 4E NS i 0 B I O, B I sl e
AT (R AH SR FE b, LB Z AR A SCHR AR (W1 cMets. TyG FR%055) 5 HR PR I ORI 78 . DR,
AT FC B AR T IR AZ 0 18 S I3k R P 5 ACHIA DCHR AR QR vl sE h 2 N8RS vE TR 5+
TR S Lk 4

2. 75k
2.1. HWRBFESHRETR

AHIF 5 T o [5 4 B 5 5% % 38 751 25 (China Health and Retirement Longitudinal Study, CHARLS) 2011
TEREZR AT ) 2013, 2015, 2018, 2020 B A A G . CHARLS 2 b K5 5 PUR G AT
FE K 3R 5k 4 2 d KT H 53 Bh R RS 2 RN R BABURE 7, BAE RRUEE R E 45 5 J UL BN
MR BE S NHOREHE, 2 BT IR LR 504 . CHARLS W7 LRI AL RUR 2 B AR B 5
SHHE, S 5#FWEE T RERES.

ZIN 2011 4 17,705 RIELRES 54, EHR 2011 FIRLFERERNT 45 5 Ko B ek
MZ5EE, RALPIN 8224 KW S 5% . Ho G BEHAMTE 2011 B4 N DS 5E Bk,
PA K 2013, 2015, 2018+ 2020 PYANBE D7 I8 K HH 180 AH 0 BE U7 Bt AN e =10 .
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2.2. TRIEH

DL CHARLS #4 FE 2011 SEERAVE NI LR EE, AN R R, M. SCIRRREE . SR TR
SRRV A . AR . HREX 2011 AEEEZR )45 DL &2 20131 2015, 2018, 2020 fFIEER i) & HH B 7T
X R E AR AR 0 E B EEAY 14 FMBIEN EE R SR ISR S SR R
S RE S R L 1S R R e A AR . OB . R B . B ROm B RGN IR
SOREFRTT T )8 ICAZARIRPIR . R R BRI . B

2.3. Gt A*

FF 2011 HEIL R EHE, FIH Apriori FiERB &4 NBEILR b EEZ OB 2. Apriori
SRR R BRSO, TE IR I SCRRERE, 4298 TR R U AR OGN, AT
A [ R L A7 AR 36 5 SC IR, T SR AME GUIRAT I8 2= 0T 0 TG Il HRAS 95 (] DG TR ) J= PR o SRIDERI )
AR SR BAG R 5IRTHE =DHRAR AT VRN [13]. SCRREFROR A 5 B fES 55 Bl g L [F B
MZ; BEERREAET A PBUT, RS B RAHME; A HE A X B HELFEMEEE,
B A IS B IR S B ISR . 48T = 1, A5 BB $#27
[E > 1, FRHFZIAMGAEIEF RS, $2THE <1, “FARLENIAI DI, S B A B (35 1 N0 ) o A= 1)
SREE, TR SONAE RN T A R A T RE SR A5 [ 14] [15]

BT 2011 SR HHE K 2013 2015, 2018, 2020 SEREVIEHE, FIFHB T I RIS, RG]
W U8 A JEINGZE . PREE 2011 AFHELRHE 7o B2 /0 3 MR SIS 5B MR R G . T 5EAE &R
s Apriori BT IE AL AR AY I BCE, SR T IR E AR LS G 5 R 7 R 77 2 R RAE AT AL B, DA
TR IR PP A R v S a3 T AT St . SRR M R A 4 IX SRR AR, DARR it s fhy = 29032 [ A
B, CABME RO, AR TR E (k= 2~6) AT T3 73 W o FFE5-E T2 0 5~ 1) 56 6 5 55 79 T 4
DA i B SRR HL

FIFHZ 733 Logistic [BIASMT, RIS &ARUFEARN T 1% 0 1855 B H R BN S2 0 o 439 DAL
W ORI AR oy AR B, DMARIAROCHE bR A% O R R, JRIRREERE . PR SCRREE . WSk
Bl WRJERIL . RAEE | FEAAER A R 2, #2593 2K Logistic BIAMEAL . i# it {1 %5 Lk (Odds Ratio, OR)
JeH 95%H 15 [X [8] (Confidence Interval, CT) 1Al SRR .

AWFFAEH R4.4.3 BAHENG T TRBIT M. W h 2 HOES A B BRSO, LA & s
WU EORER, AR B DI 4 )RR SET IR 44, 4118 LR Kruskal-Wallis H A%
B (SRR ) R J7 K6 (0 2820 8) 7 W 25 AL B AE AN RN B2 2L 1] F) 25 ¢

3. 458
3.1. 18 BHIER R A% L8Rk

AT 8224 LIS 5%, Hrh 5661 NIERLREF /D BH —FMEW, BRWEN 68.84%,
o E N 3168 N, FHEN 38.52%. W& 1, 1o

Table 1. Chronic disease prevalence and comorbidity

= 1. BMRERRILRER

. , FHEBRAIEL n (%)
S AR Hﬂ%fﬁj‘kﬂ& %ﬁ%%‘%ﬁt
n (%) n (%) 15 2 Fh >3 Fp
KT A BRI 2927 (35.6) 2035 (24.7) 892 (10.8) 954 (11.6) 1081 (13.1)
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BES
o I 97 2013 (24.5) 1513 (18.4) 500 (6.1) 602 (7.3) 911 (11.1)
W R G 1954 (23.8) 1449 (17.6) 505 (6.1) 634 (1.7) 815 (9.9)
8 P M 0 R 808 (9.8) 670 (8.1) 138 (1.7) 207 (2.5) 463 (5.6)
O IS 943 (11.5) 848 (10.3) 95(1.2) 223 (2.7) 625 (7.6)
il =R o 766 (9.3) 668 (8.1) 98 (1.2) 170 (2.1) 498 (6.1)
=g 534 (6.5) 462 (5.6) 72 (0.9) 151 (1.8) 311 (3.8)
B PRI B LB T = 468 (5.7) 403 (4.9) 65 (0.8) 98 (1.2) 305 (3.7)
JHF ik 35 326 (4.0) 281 (3.4) 45 (0.5) 82 (1.0) 199 (2.4)
el 287 (3.5) 261 (3.2) 26 (0.3) 67 (0.8) 194 (2.4)
A 162 (2.0) 148 (1.8) 14 (0.2) 36 (0.4) 112 (1.4)
15 B SR #0 106 (1.3) 85 (1.0) 21 (0.3) 22 (0.3) 63 (0.8)
TEIZAH PN 89 (1.1) 83 (1.0) 6(0.1) 23 (0.3) 60 (0.7)
Jer i S PR 75 (0.9) 59 (0.7) 16 (0.2) 17 (0.2) 42 (0.5)
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Figure 1. 2011 baseline prevalence of chronic diseases

E 1.2011 FEZIEERFERE

KM Apriori FIE T BAZHAZ OB PR SCRFE 0.2 TR RS A, 5 DU/ SCREEE 0.01
B/NEIEIE 0.5 123 2~3 TSmO, i v B /MR THE 1.2 SROROERIARRENLYE, Fe2& ik R R
A TR B SRS N 2% RS SEAE T BOW VR R o8, AR 1, 4% 2. JLIRGBIH 6 Az L1890,
SRR R RO . S LR WA RGEBR . MRS QIR BRI . 1R 2~3 TisROCHK
FUU o3 B SR 295 & FF & A CCREE > 0.01. BISE > 0.5, #=2FHE > 1L2)MSRBRN, W& 2.
FERT 15 BB SRR AP T ZERILRARRE, 1T R BRI SEREA  L dE e . Horr, 2%
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R KGRI 55 T A RGP X ) SR IR CCRF L 0.2867), THAL R GT< s F & i R OGTTT  sl XG FY)
Ty 68.63%, KT R BRI B IR R GBI HIREF N 50.60%, a5 2% BUAIRM 5 AL R
G SLAE S TP A N T O ) R A . A, =i A v R RS A R G A A O
TR R BRI IR 0N 72.37%, 32T 0N 1.28, 52 711 28 BRI 5 5 ey I A AL R U IR S5 3647

Table 2. Top 15 comorbidity association rules by support (including dyads and triads)
2. ZEFFERT 15 WRXEAN(EE_TM=T®RAEeE)

BT JEIR X BEEE Ba% RAE  HH
LRGN IR AR BRI 0.2867 0.6863 0.4178 1.2111 2358

KT 9 BRI L R G 0.2867 0.5060 0.5666 12111 2358

I JE e ML 9 0.2282 0.6983 0.3268 1.3848 1877

Lo SR e LR 0.1981 0.6754 0.2933 1.3393 1629

153 P I 8 9 B R P BRI I 0.1618 0.6987 0.2316 1.2330 1331

Lo I Wk RGEI 0.1590 0.5423 0.2933 1.2980 1308
LS, ARG IR 2 BRI 0.1522 0.7237 0.2104 1.2772 1252
e SR, 5T R BRI AL R G 0.1522 0.5055 0.3012 1.2098 1252
Lo I I g 0.1479 0.5041 0.2933 1.5424 1216
MRERH, I975 2 BRI SN 0.1435 0.7139 0.2010 1.4157 1180
R SR 98 SR T ERINER 0.1401 0.7178 0.1952 1.4234 1152
OISR, RS 2 BRI i L 97 0.1280 0.6816 0.1879 1.3516 1053
P it S A AL RGR 0.1251 0.5402 0.2316 1.2929 1029

TS E AR P g R 0.1212 0.6212 0.1952 1.9005 997
LR, RGN IRAT A AR 0.1196 0.7523 0.1590 1.3277 984

e R N B AT AL A el

3.2. #BlBmINE

H R B 18] 2 270 SR SRR ) v 2 N A% 1 R BN AS I o S o 35053 DU R~ 35 8 B8 5 52 1 fe
CERRHL, AR 20 RO RBE R IREL k=2 W i=(0.45), HAHLL TR =02, =/ 2K R0
Z R, N EANE I R R, H k= 3 BRI R 0 H52(0.37). Bk, ARBFFR AL
¥ k=3 1R R
SRR, FEE NI OB M R R I AN [F 0 S AR G, L 3. SRR =R SRR
IZF class 1 (n = 3855). class 2 (n = 3046)F class 3 (n = 1323), fRHIHHIEHR(BMI. WC. cMets. TyG &
B WS PR AR WS A ORI WS ARAR I R B R A AL ) ) A A 2 A St
2R (P <0.05), (ALAHIFRTLEEZEFP=0.680), WK 3. %3, Hr, class 1 P18
HAE 2011 FIEL AN AL T HBARKF(0.46), FEBAFEYT AN IGAHERFEERAOK, 2IFRES, 4
NIRRT A class 2 HAZ S MEREEAE 2011 FIELL P E R Ab TR SEKE(1.31), fERENRE
Vi IR AEHFAE 1~3 2 I0], 230 BT, arday “IImrp 48” A class 3 HAZ ORI B ALE 2011
ERER A I A T8 K -(2.75), EBEANBEDT N Z OIS TR AR M6 4>2 B, HEI EFHES, mih
“IopE i 4.
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Figure 2. Elbow rule and contour coefficient method
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Figure 3. Core comorbidity development trajectory (2011~2020)
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Table 3. Basic characteristics of different trajectory groups

3. FRIMIEEERIHE

o B Class n (%) P
(n=8224) Class 1 (n=3855)  Class 2 (n = 3046) Class 3 (n = 1323)
RIS
cMets (—0.3051,90.79) (—0,2;,)50.60) (—o.g iz,%.s4) (—0.895,41.16) <0.001
BMI (20.92 13 ,'22(;.88) (20.6232,'6235.00) (20.9273,'4216.00) (22.5?,'9217.70) <0.001
we (77.983,'693.00) (77.(?3,'3(()).00) (78.(?3,@%.20) (81.55?,.29(;.00) <0.001
y6 (8.2%,63.06) (8.186.,52?.95) (8.2%,695.10) (8.3%,798.25) <0.001
R 58.0 (52.0, 65.0) 57.0 (50.0, 63.0) 59.0 (53.0, 66.0) 60.0 (55.0, 66.0) <0.001
PR
5 3794 (46.1) 1953 (50.7) 1330 (43.7) 511 (38.6) <0.001
% 4430 (53.9) 1902 (49.3) 1716 (56.3) 812 (61.4)
elip3ES
NV 5527 (67.2) 2418 (62.7) 2118 (69.5) 991 (74.9) <0.001
fH <1& 640 (7.8) 337 (8.7) 214 (7.0) 89 (6.7)
B >1K 2057 (25.0) 1100 (28.5) 714 (23.4) 243 (18.4)
SR ES
N 5043 (61.3) 2255 (58.5) 1932 (63.4) 856 (64.7) <0.001
W 3181 (38.7) 1600 (41.5) 1114 (36.6) 467 (35.3)
BILER
I 5362 (65.2) 2994 (77.7) 1818 (59.7) 550 (41.6) <0.001
f 2862 (34.8) 861 (22.3) 1228 (40.3) 773 (58.4)
a3
T 4136 (50.3) 1966 (51.0) 1523 (50.0) 647 (48.9) 0.680
SN 1800 (21.9) 818 (21.2) 677 (22.2) 305 (23.1)
34 942 (11.5) 439 (11.4) 341 (11.2) 162 (12.2)
R 1346 (16.4) 632 (16.4) 505 (16.6) 209 (15.8)
IEURAR L
TSR] 7306 (88.8) 3458 (89.7) 2702 (88.7) 1146 (86.6) 0.009
HAh 918 (11.2) 397 (10.3) 344 (11.3) 177 (13.4)
HEEE
XH 2296 (27.9) 1040 (27.0) 884 (29.0) 371 (28.1) <0.001
/N LA 3430 (41.7) 1532 (39.7) 1295 (42.5) 603 (45.6)
BIrh & A E 2498 (30.4) 1283 (33.3) 867 (28.5) 348 (26.3)
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3.3. RHERS IS HEX M

KH 2 532K Logistic [FIVAZ T, BRI AR AR XS P KAZ 018005 (5515 28 BRI « ey 1L ) A e 3t
T R R R R o AR AR B 55 B Y B AR A G FR A5 (cMets TyG F820)F1H W AR AH S HR FR(BMI 1
WC), FraMREHE R Z =00 5008 Q1. Q2. Q3 . Frfg AL T4ER . T, TOBHR.
WA . A TCHEH . WS ARARIL S BB R RS IR AR R R

FE T R BRI T, AR I TyG 8% Q2 4(OR=1.212,95% CI: 1.079~1.363, P < 0.001)5 BMI Q3
H(OR = 1.136, 95% CI: 1.008~1.281, P < 0.001) ) A& i W i 2 5y TS84, 1] cMets 5 WC %70 AR M
PR EmilEd, SRR Q2 M Q3 4L NAHLIL T% A H A BN, KLl
BMI Q3 £H SS B 38 B ¢ 75 (OR = 5.210, 95% CI: 4.509~6.020, P < 0.001), XA Mets Q3 41(OR =4.710,95%
CI: 4.096~5.417, P <0.001); HJmrh i fis tidirh, METSHH, KA B4R 2 IR R Fr K-
FhmmiFm s, Hd DL BMI Q3 4RI B f = (B 1 7140 OR = 1,736, 95% CI: 1.530~1.969; 3k
Jhm 14 OR = 4251, 95% CI: 3.570~5.062), HX N Mets Q3 AL 40 OR = 1.892, 95% CI:
1.675~2.138; i m 6 OR =3.555, 95% CI: 3.005~4.207), W4 4.

Table 4. Logistic analysis results of metabolic-related indicators and development trajectories of core chronic diseases and
comorbidities

4. RFEXIEIRS B R R LR A RINIE Logistic THTEER

S e R . DA S AL AR

i R I /S

TE S kil P it

OR(95%CI) P OR@©5%CI) P OR®5%CI) P OR©O5%CI) P1i

Mets

Q1 Reference - Reference - Reference - Reference -
0.935 1.857 1.190 1.406

Q2 0832-1.050) 00 (1e02~2.153) 001 (g ose-1340) 000 (1 179-1676) <0001
0.959 4710 1.892 3.555

QB 08531078 0 (4006-5417) 0001 (16752138) 0001 (3005-4207) <0001

TyG

Q1 Reference ~ Reference ~ Reference ~ Reference -
1212 1.457 1.346 1.610

Q2 qo79-1363) 0T 12731668y 00T (11951 s10) <0001 (1 358-1.909) <0001
1.104 2374 1.641 2562

QB 0081-1243 0 00s32705) 00T (4541853 0001 (54683007 <000

BMI

Q1 Reference ~ Reference ~ Reference ~ Reference -
1.002 2.031 1.228 1.531

Q2 0890~1.128) 905 (17512355 0001 (g g00-1384) 0001 (529701 835 <0001
1.136 5210 1.736 4251

B oos~1281) 0001 450060000 00T (1530-1.069) 001 (3570-5.062) <0001

wC

Q1 Reference ~ Reference ~ Reference ~ Reference -
0.955 1.817 1219 1.433

Q@ 0849-1.073) 0 asm2i0ny 00T ogzaizrny <909 (1200-1712) <0001
1.028 4.153 1.684 3.599

B 0o15-1.156) 0B 362047649 0T (1490-1903) 001 (30434258) <0001
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WL Apriori %, AWFFILN HASFRZ OSSO REURGEE . R ARG
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Table A1l. Comparison of baseline characteristics between included and excluded study participants
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