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Association between Cardiovascular —Kidney —Metabolic syndrome and
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Abstract: Objective To investigate the relationship between Cardiovascular—Kidney—Metabolic (CKM) syndrome stages and
fall risk among middle —aged and older Chinese adults, providing evidence for early risk identification. Methods Utilising
longitudinal data from the China Health and Retirement Longitudinal Study (2015 and 2018), 7 861 participants aged 45 and
older were included after excluding those with missing baseline anthropometric, blood, or key questionnaire data. CKM
syndrome was staged according to the American Heart Association scientific statement. The outcome was self—reported falls
within the past three years assessed in 2018. Modified Poisson regression models estimated incidence rate ratios (/RR) and
95% confidence intervals (CI), adjusting for demographics, lifestyle, physical and sensory function, cognitive and mental
health, other health conditions, and the living environment. Subgroup analyses tested interactions with physical and sensory
functions. Results During 3 years follow—up, 1 438 (18.3%) participants reported at least one fall. At baseline, CKM Stage 2
was the most prevalent (5 241; 66.7%), followed by Stage 4 (1 746; 22.2%), Stage 3 (472; 6.0%), and Stage 1 (402; 5.1%).
Compared with Stage 1, CKM Stage 3 was associated with a 32% increased risk of falls (IRR=1.32, 95% CI: 1.03-1.69). No
significant interactions were observed between CKM stages and grip strength, balance, hearing, and visual function (P for
interaction >0.05). Conclusion CKM syndrome staging is positively associated with fall risk in middle—aged and older adults.
CKM Stage 3 may represent a critical window for fall prevention interventions.
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P HEBRbRIE : (1)K S 2018 4RRf DTS Bk BI(5
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Table 1 Definition criteria for CKM syndrome staging based on CHARLS data

CKM 434 X LWhRME
0 1. CKM TeARE XU P2 CEr AR 20T )i 2 BMT <23 kg/m?; BBl <80/90 em (7 / %) ; SBP<< 130 I DBP <80 mm Hg, ELARIZ W ML |
S 22 SHCKD MO ARMHEEEZ ;TG <135 mg/dl; 53 IZ LM < 100 mg/dl Fll HbA le<<5.7% , HASWIRERIG A FIREREZ ;
' PR ) FAZEAAE ;6GFR =60 ml/(min+1.73m?); 10 4F CVD XU <20% ; Tllfi & CVD
301 AR AEAE R / HI‘JHTC JERIAE AT /AL 5 R RAE I 5 B B I Z0T ] B S - SBP<<130 mm Hg . DBP<<80 mm Hg, H A2 Kt
P SRR T T RERE AT, JoH: = R AR 2 s TG < 135 mg/dl; 28 M5 LHE < 126 me/dl \HbA 1e<<6.5%, HATSWlE IRz A T2 ;
b A CIHAUES [N ZE ok CKD TAREE AL ; 6GFR =60 ml/(min+ 1.73m?) ; 10 4F CVD KU <20%; JClfi K CVD
2 W AR AP IR R 2 sl h 3 AT — « 5 H I =R IALAE 5 /55 10U s BB PR s AR A 4E s & CKD:eGFR 30 ~ 59 ml/(min-1.73m*)
5 CKD & CKD Z [ s 2 T 16 CKD : eGFR =30 ml/(min-1.73m?); 10 4 CVD KUK <20%: il K CVD
POV, o WA BB R E CKD:eGFR<30 ml/(min- 1.73m?); 10 4F CVD XU =209% Hif AT —
jzki;;in; o “‘mi’gig P KR N AR BERATIN 5 =8 035 5 L BRI A [ o 5 5 CKD
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Table 2 Baseline characteristics of middle—aged and older adults stratified by fall status [(n(%)]

FEERRHE JEYN ' KAE] (n=6 423) A8 (n=1 438) Pakic] Pii
CKM ZEA RS 29.487 <0.001
14 402 (5.1) 337 (5.2) 65 (4.5)
2 5241 (66.7) 4356 (67.8) 885 (61.5)
31 472 (6.0) 361 (5.6) 111 (7.7)
414 1746 (22.2) 1369 (21.3) 377 (26.2)
51 50.915 <0.001
s 4443 (56.5) 3509 (54.6) 934 (65.0)
U2 3418 (43.5) 2914 (45.4) 504 (35.0)
RIS (%) 34.111 <0.001
45~ 59 4157 (52.9) 3483 (54.2) 674 (46.9)
60 ~ 74 3321 (42.2) 2657 (41.4) 664 (46.2)
=75 383 (4.9) 283 (4.4) 100 (7.0)
TSRS 37.579 <0.001
s s R = 7 065 (89.9) 5836 (90.9) 1229 (85.5)
M 796 (10.1) 587 (9.1) 209 (14.5)
THERE 32273 <0.001
XH 1 648 (21.0) 1268 (19.7) 380 (26.4)
/N 5247 (66.7) 4345 (67.6) 902 (62.7)
LR 966 (12.3) 810 (12.6) 156 (10.8)
e} 11.693 0.009
AU =1 5108 (65.0) 4152 (64.6) 956 (66.5)
BRI <1 I 732 (9.3) 586 (9.1) 146 (10.2)
N 2013 (25.6) 1681 (26.2) 332 (23.1)
[N 8 (0.1) 4(0.1) 4(0.3)
AN=REFTI] 0.234 0.628
= 7106 (90.4) 5811 (90.5) 1295 (90.1)
i 755 (9.6) 612 (9.5) 143 (9.9)
M1 T1RE 28.742 <0.001
W 4325 (55.0) 3 444 (53.6) 881 (61.3)
ey 3456 (44.0) 2915 (45.4) 541 (37.6)
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FLLRFFE ISPN ¢ RIEEFF] (n=6 423) s (n=1 438) C1E Py
ok 80 (1.0) 64 (1.0) 16 (1.1)

Wr i i6e 11.198 0.004
L 4652 (59.2) 3747 (58.3) 905 (62.9)
By 3132 (39.8) 2615 (40.7) 517 (36.0)
B AE 77 (1.0) 61 (0.9) 16 (1.1)

JE A b X 3.261 0.196
st 2160 (27.5) 1790 (27.9) 370 (25.7)
AHt 5544 (70.5) 4509 (70.2) 1035 (72.0)
BRAE 157 (2.0) 124 (1.9) 33 (2.3)

TeRE R 0.012 0.913
fE4E 6513 (82.9) 5323 (82.9) 1 190 (82.8)
NELE 1348 (17.1) 1100 (17.1) 248 (17.2)

P71 23.525 <0.001
EH 6710 (85.4) 5538 (86.2) 1172 (81.5)
fiKr 775 (9.9) 586 (9.1) 189 (13.1)
IAE 376 (4.8) 299 (4.7) 77 (5.4)

e 27.197 <0.001
L8 1205 (15.3) 927 (14.4) 278 (19.3)
B 6216 (79.1) 5151 (80.2) 1065 (74.1)
AR 440 (5.6) 345 (5.4) 95 (6.6)

INFI LT 21.182 <0.001
Bz 4148 (52.8) 3320 (51.7) 828 (57.6)
By 3521 (44.8) 2 954 (46.0) 567 (39.4)
oAl 192 (2.4) 149 (2.3) 43 (3.0)

SN 103.326 <0.001
w 5120 (65.1) 4349 (67.7) 771 (53.6)
Pt 2190 (27.9) 1651 (25.7) 539 (37.5)
Bl 551 (7.0) 423 (6.6) 128 (8.9)

25 48.315 <0.001
i 6610 (84.1) 5488 (85.4) 1122 (78.0)
b= 1251 (15.9) 935 (14.6) 316 (22.0)

BTN 51.056 <0.001
¥ 5663 (72.0) 4737 (73.8) 926 (64.4)
H 2198 (28.0) 1686 (26.2) 512 (35.6)

22 CKM &S5 P FAB X R 1E
KRR A R, 5 CKM 1 1P 24EM 1, CKM
3 ST 4 3955 AR XURS: T s AH DG o X6 BT A PR B e R
Ja., S5hF CKM 1 iS55 M, CKM 3 125
AR RS TR 3295 AL T CKM 4 1192 5 38 Bk
IR T 8 16% , (AA K BN e 24 i 2 VK L&
3.4,

2.3 CKM Z2&AE5 405 b 2 A sk B 09 L2 R
ZAER AT CKM 4305 h 24848 ) ~F-irie g1

JIDIREFNN T Dy RE Z (M) 3R & I e 3 09 s HAE (P
for interaction>0.05). L& 1.
3 W i

Bl =4, 18.3% 1 th & A N kA & /b — IRk
8], 2015 4 CKM 2 10 4 WIABESTT Y 88.9%, 5
CKM 1 HiAH L, CKM 3 I 2 4F A 7E = A4F P A3 R
B TH T 32% . CKM 43355 v 2 41 A 8 XU 1Y DG I
TER ) CPAEFRE T AL AT ) D RE T IRIANAFAESC B
YEH.

R 3 CKM ZE ik )5 o AR A BRAE] KU e AT i H A 7

Table 3  Association between CKM syndrome stages and fall risk in middle—aged and older adults: crude model

CKM ZiE R4 B PRz Z 1 P IRR (95% CI)
14 1.00 (Ref.)

2 1] 0.04 0.11 0.405 0.685 1.04 (0.85 ~ 1.29)
34 0.37 0.13 2.948 0.003 1.45 (1.13 ~ 1.87)
414 0.29 0.12 2.496 0.013 1.34 (1.06 ~ 1.68)
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Table 4 Association between CKM syndrome stages and fall risk in middle—aged and older adults: adjusted model

CKM ZEAfE5r B brifEiR 718 PiE IRR (95% CI)
14 1.00 (Ref.)

2 i 0.06 0.11 0.600 0.549 1.07 (0.86 ~ 1.31)
3 # 0.28 0.13 2.195 0.028 1.32(1.03 ~ 1.69)
43 0.15 0.11 1.331 0.183 1.16 (0.93 ~ 1.45)
378 T4l IRR (95% Ch

1)1 (P-interaction = 0.963)
HRIER

CKM 118 (Z5) 1.00 (Ref)
CKM 24 1.08 (0.86~1.36) _——
CKM3Jt) 1.36 (1.02~1.80) _—
CKM 411 1.18 (0.93~1.50) —_—
BIMET
CKM 18] (BR) 1.00 (Ref)
CKM 214 095 (0.49~182)
CKM 303 112 (0.56~221)
CKM 4] 1.03 (0.53~2.00)
Fffifie Sy (P-interaction =0.225)
Ve hhiz
CKM 18] (BH) 1.00 (Ref)
CKM 2 1.53 (0.81~2.88)
CKM 34 2.31 (1.18~4.50)
CKM 43 183 (0.97~3.45)
F-ffirfie J kT
CKM 1] () 1.00 (Ref.)
CKM 21 1.00 (0.80 ~1.25) —
CKM 311 1.16 (0.87 ~1.55) M. U,
CKM 4303 1.06 (0.83~135) —_—
W13 (P-interaction = 0.599)
ez
CKM 11 (B#) 1.00 (Ref)
CKM 2] 094 (0.73~1.23) ——
CKM 34 1.14 (0.83~1.57) T OR—
CKM 4] 105 (0.79~139) _—
et
CKM 18] () 1.00 (Ref.)
CKM 218 1.27 (0.86 ~1.85)
CKM 31t 164 (106 ~2.52) —_—
CKM 4] 1.33 (0.90~1.97)
Wi /13)ifie (P-interaction = 0.625)
Wi Jrkiezs
CKM 18] () 1.00 (Ref)
CKM 2343 107 (0.80~1.43) —_—
CKM 3103 1.22 (0.87~1.72) S| - S
CKM 41 1.14 (0.84~1.54) —_—
Wi Jrety
CKM 11 (BR) 1.00 (Ref.)
CKM 2303 106 (0.75~1.48) _
CKM 3143 152 (1.01~-2.29)
CKM 4] 120 (0.83~1.72)

10 200
Incidence rate ratio

Bl 1 CKM ZEa b5 v A AR IXURS: ST 4 3 A
Figure 1 Subgroup analysis of the association between CKM

syndrome stages and risk of falls in middle—aged and older adults
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