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Abstract; Objective ~ To explore the association between different metabolic body weight subtypes and the risk of
cardiovascular disease (CVD) incidence in middle — aged and elderly populations. Methods The study utilized data from the
China Health and Retirement Longitudinal Study (CHARLS) , with the initial data collection phase implemented in 2011. By
the end of the cohort follow — up in 2020, The final analytical sample comprised 6 353 eligible participants. Participants were
classified into 6 and 4 metabolic subtypes respectively using combinations of body mass index, waist — to — height ratio, and
ATP - 1II criteria. Cox regression was employed to explore the association between each metabolic subtype and the incidence of
CVD. Results During a 9 — year follow —up, 1 825 individuals developed CVD. Of the total study population, 11.4% (n =
730) met the criteria for obesity, with 16.0% of these obese individuals demonstrating a metabolically healthy profile.
Compared to individuals who were of normal weight and metabolically healthy, those with metabolically healthy obesity (MHO)
exhibited an increased risk of CVD (HR =1.70, 95% CI; 1. 18 —2.46) , while the risk was even higher in individuals with
metabolically abnormal obesity (HR =2.48, 95% CI: 2.07 —2.97). Sensitivity analysis (using the four subtypes defined by
waist — to — height ratio) found consistent results. Stratification by BMI revealed that, within normal weight and overweight
populations , the risk of CVD was significantly elevated in metabolically abnormal groups compared to metabolically healthy
groups. Subgroup analyses did not identify interactions between age, gender, education level,smoking, or drinking status and

the various metabolic subtypes. Conclusion In middle — aged and elderly adults, MHO is linked to a higher risk of CVD.
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Among normal weight and overweight individuals, the risk of CVD is higher in metabolically abnormal groups than in

metabolically healthy groups. MHO is not a benign subtype, and obese individuals need to enhance their weight management

and lose weight in a reasonable manner.
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4F 2013 4F 2015 4F 2018 4FF1 2020 4FE4L52 5% 5 %K
PESCAE T AR, PEAN A IR A 7 vk C A SE R 9 i gk A
T AR
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ShRoR CVD B & =f 4, BE VI R] 53 & CVD S FAE
MFEVEE R . SR THA LA 17 708 il S & HE
PRARUE: SEELAF Y <45 % 508 A, FEZk CVD &
2 444 N FEZREHE (CH o =g . 25 B p%  BMI I e

B NS E I EEE CVD) Bk 6 742 A BEEZR AR
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1245 N, e A AW 5T L9 A 6 353 4 5T X 4
CHARLS #f 5% € 18 af b 50 K7 & B A 25 0 &
(IRB00001052 —11015) pl it .
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2.3 RS RAEESC HRE P E LR S T AR AL
S ML BMI S IF 58 8 42 50 40 oA D0 26 A 5 A1
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688 A ,MHOW.104 A .MUOW.514 A MHO:33 A .
MUO:259 A),CVD [ % 555% K 28. 7% ., H:f, MHO
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Table 1 Baseline characteristics of individuals with different weight and metabolic status

Akt MHNW MHOW MHO MUNW MUOW MUO V/F Pl
B (%) ] 1210(19.0) £1(6.8) 117(1.8) 2428(38.2) 1554(24.5) 613(9.6) - -
[ (%) ] 613(50.7)  134(31.1) 27(23.1)  1247(51.4)  668(43.0)  200(32.6) 151.364 <0.001
(% % ts) 56.6+8.3  55.0+7.7  52.846.5  59.8+8.8  57.7+8.2  56.848.0 51.514 <0.001
A (%) ] 100.851  <0.001
KR (%) ] 866(71.6)  288(66.8) 61(52.1)  1728(71.2)  927(59.7)  356(58.1)
W[ (%) ] 344(28.4)  143(33.2) 56(47.9)  700(28.8)  627(40.3)  257(41.9)

WAL n(% ) ] 69.330  <0.001
CS[ (%) ] 1120(92.6)  407(9%4.4)  110(94.0) 2089(86.0) 1428(91.9)  559(91.2)
?fg/jag/f%ﬁ/xéiﬁg’[" 90(7.4) 24(5.6) 7(6.0)  339(14.0) 126(8.1) 54(8.8)

AR (%) ] 58.789  <0.001
MR R F (%) ] 807(66.7)  275(63.8) 70(59.8)  1806(74.4) 1013(65.2)  405(66.1)

ERLLE[ (%) ] 403(33.3)  156(36.2) 47(40.2)  622(25.6)  S541(34.8)  208(33.9)

Wk [ n (% ) ] 441(36.4) 79(18.3) 14(12.0)  871(35.9)  393(25.3)  106(17.3) 173.555 <0.001

B n(%) ] 49(35.5)  116(26.9) 20(24.8)  903(37.2)  510(32.8)  154(25.1) 48.681  <0.001

= (mmol/ L, x + 5) 5.342.6 6.4+3.4 7.1£3.5 7.0£5.9 8.8+7.0  10.8+9.7 87.189  <0.001

25 I AR (mmol /L, x + 5) 5.1£0.5 5.140.4 5.240.4 6.3+2.0 6.6+2.3 6.7+2.1 153.507 <0.001

W4T (mmg,x +5) 112.4+9.5  114.7+8.8  115.2£9.4 132.3520.9 135.6£20.4 139.7£20.3 364.129  <0.00I

SF3K I (mmig, x £5) 66.8+8.2  69.6+7.9  70.7+7.2  76.2+11.8  79.6+11.9  82.2+11.7 275.871 <0.001

(Emff&%i)g IEE 30408 2.840.7 2.5+0.6 3.0£0.9 2.6+0.7 2.450.7 103.316 <0.001

L% % i o PR g 6.6+1.7 6.7+1.7 6.5+1.9 6.742.0 6.6+2.1 10.510 <0.001

(mmol/L,x +5)

W PHR 6 AT W R LR Fds . - S AHEAT FL s MENW . £ 3 1F % /K 5 1F % ; MHOW . X4t IF % 48 35 ; MHO ; {838 1F % N JE ;

MUNW : AR5 3 7K T I 5 s MUOW : AR5 5 6 B o s MUO - AR 52 M

3.2 BMI R#tFw4as KiftkSE CVD 69 X a%

MR 2 s, ZHER MG, SREIEFAML, EH
2H &M CVD By R FH e (HR =1.30, 95% CI; 1.18 ~
1.45) B RE4LEY CVD XS5 25 (HR =1.85, 95% CI
161 ~2.11) , 54 s IE W AR L, RS
MUBE A 58 ANBER A= CVD By RS ¥ T . Hovd,
ML 20 43 5% AN B & 4 CVD /) KUK B &5 (HR =

1.45,95%CI; 1.32 ~1.60) , AHF TR E % 24,1
WIS H AL CVD & RS T 5 (HR = 1. 48, 95% CI
1.31~1.66)

3.3 A BMI EAPRMIKAL CVD 9 X8 N5k
3 fioR, $i BML 4550 25 4 2 N 2 Rk 45 - R,
FEMCER IE 5 F s R, AR R W 419 CVD &%
AU 5 TR IE # 4L, PIZAY HR {H(95% CI) 43
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Table 2 Analysis of the association between BMI, metabolic abnormality components, metabolic status, and the risk of developing CVD

By PRI 1 A 2
BMI
1EH 1.00(ref) 1.00
R 1.25(1.13 ~1.39) 1.30(1.18 ~1.45)
Jiutiia 1.71(1.50 ~1.95) 1.85(1.61 ~2.11)
R w5
J 1.00 1.00
1fiLHs =130/85 mmHg B2 W7y 5 1 1.64(1.50 ~1.80) 1.45(1.32 ~1.60)

Z3ME B =5. 6 mmol/L 5532 W N 2 RIMEIR R
Hih=fE=1.70 mmol/L

1.20(1.09 ~1.31)
2.64(0.66 ~10.58)

1.13(1.03 ~1.24)
2.24(0.56 ~8.95)

B e R IS R I B < 1. 04 mmol/L 41 < 1.30 mmol/L 1.01(0.62 ~1.65) 1.13(0.68 ~1.87)
fRHEPIRAS

EH 1.00 1.00

it 1.63(1.45~1.82) 1.48(1.31 ~1.66)

T BT RS R 2 SRR, AR, 2 EE KT WS, DX, WA, TR AR BE AR AR 1 I [

PR 1.43 (1.23 ~1.66) F11.25(1.01 ~1.55) ,
3.4 6ERMAEEAL CVD £ 8 W4
N, Z R Z )G, DL MHNW 25 4 %f B,

Ny PN

CVD B4 MU 249 2 2 19 . Hevp, MHO 419 CVD

R34 BMIZEG| P AUSPRES S CVD #YSCHK

Table 3 Analysis of the association between metabolic status and CVD risk across BMI categories

S MUK & MHNW /) 1.70 % (95% CI. 1.18 ~
2.46) ,MUO 1) CVD % XU 15 T A 25 531 o f5c A
B3, 2. 48 1%5(95%CI: 2.07 ~2.97) ,

Ak S g AR A% HR(95% CI) JA#E HR(95% CI)
REIEH

R E R 227/1 210 1. 00 ( ref) 1.00( ref)

R 688/2 428 1.60(1.38 ~1.86) 1.43(1.23 ~1.66)
HE

ARG H 104/431 1.00 ref) 1.00( ref)

R 514/1 554 1.41(1.14 ~1.74) 1.25(1.01 ~1.55)
Jistiia

ARHE 33/117 1.00( ref) 1.00( ref)

RS 55 259/613 1.67(1.16 ~2.39) 1.45(1.00 ~2.10)

TE 2, ANV A VAR PR 0] AT, BRI, S2 0 K IR, T AR R A A 1 I [

&4 6 RMPHATE WAL CVD i KHK

Table 4 Analysis of the association between 6 BMI — metabolic status and CVD risk

A Joi BB B A HR (95% CI) IR HR (95% CI)
MHNW 227/1 210 1.00( ref) 1.00(ref)

MHOW 1047431 1.33(1.06 ~1.68) 1.38(1.09 ~1.74)
MHO 33/117 1.53(1.06 ~2.20) 1.70(1.18 ~2.46)
MUNW 688/2 428 1.60(1.38 ~1.86) 1.43(1.23 ~1.66)
MUOW 514/1 554 1.87(1.60 ~2.18) 1.75(1.49 ~2.05)
MUO 259/613 2.56(2.14 ~3.06) 2.48(2.07 ~2.97)

TE 2, ANTREE A VAR ), AR WS, DX, S2 0RO IR BRI AR L NR 2 1 REL [T . MEINW « £ 1E 4 (A0SR 1E % ; MHOW . ARG IE
L ; MHO - AU IE 5 AL s MUNW A5 8 R B IE s MUOW AU 5 4 ¥ 5 MUO - AQH S AL

3.5 masH WS Fw, EARFRER AER 2
HE KW RO RS IR AT b, AT
MHNW ,MUO 1 CVD %95 KU T 55 5 & A& 3L LA |
R G AT 2 RIS AR

3.6 HBMESH WNFK6 BN, ZHRREE, LA

WHE R AR g xof B, HoAth 3 20 CVD B & s KUK
Byl =3, Horp ACHE IR AR LR CVD &%
AU 2 AR 1 H AR A B Y 1,35 4% (95% CI: 1.07 ~
1.69) R 57 I BB FEZL Y CVD 2 9 KU 7 T A3
H IR R B, R 1,90 £5(95% CI ; 1.56 ~2.32)
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Table 5 Subgroup analysis of the association between various subtypes and CVD risk
A MHNW MHOW MHO MUNW MUOW MUO Py
el 0.106
B 1.00(ref) 2.03(1.41~2.92) 1.99(0.96~4.09) 1.45(1.17~1.82) 1.93(1.52~2.45) 3.16(2.36~4.21)
otk 1.00 1.10(0.81 ~1.50) 1.55(1.00~2.38) 1.40(1.14~1.72) 1.63(1.32~2.01) 2.17(1.72~2.74)
ERAED) 0.607
45 ~60 1.00 1.44(1.07 ~1.94) 1.75(1.15~2.66) 1.46(1.18~1.81) 1.80(1.44 ~2.24) 2.74(2.15~3.48)
=60 1.00 1.24(0.85~1.81) 1.35(0.59~3.10) 1.46(1.18~1.81) 1.71(1.36~2.15) 2.14(1.63 ~2.80)
AR 0.214
¥ R LT 1.00 1.14(0.85 ~1.53) 1.44(0.88 ~2.35) 1.36(1.14~1.62) 1.72(1.43~2.07) 2.31(1.86 ~2.86)
[SL S 1.00 1.94(1.32~2.86) 2.28(1.29~4.03) 1.61(1.20~2.16) 1.84(1.37 ~2.48) 2.95(2.12~4.10)
i A 0.614
& 1.00 1.72(1.06 ~2.79) 1.35(0.42~4.29) 1.34(1.04~1.74) 1.86(1.40~2.47) 2.75(1.90~3.99)
e 1.00 1.33(1.01 ~1.74) 1.77(1.19~2.62) 1.48(1.23~1.78) 1.72(1.42~2.08) 2.45(1.98 ~3.03)
L] 0.700
V= 1.00 1.54(1.00 ~2.37) 1.14(0.46~2.83) 1.40(1.07 ~1.81) 1.89(1.43~2.49) 2.77(1.97~3.89)
% 1.00 1.33(1.00 ~1.75) 1.89(1.26 ~2.84) 1.45(1.21 ~1.75) 1.71(1.41 ~2.07) 2.42(1.95~3.00)

E PR SRS WS, 3t DX, S2 R K WA, R A2 IR A O MEL R s, MIEINW . A3 1 % PR 3 1E 3 s MHOW . /X i 1E % 8 5 ; MHO . fR
FIE LR s MUNW ARG 5 (R T IE s MUOW - AR 528 i 7 s MUO AR5 AL

F6 JEm L - MRS S CVD KAz KU (4 SCI A 43 H

Table 6 Analysis of the association between waist to height ratio metabolic status and CVD risk

75 S Sk RifE% HR (95% CI) JE%#E HR (95% CI)
AR IE H R 109/650 1. 00 ( ref) 1. 00( ref)

ARG IE T 78R e 255/1 108 1.42(1.14 ~1.78) 1.35(1.07 ~1.69)
A R A 262/1 069 1.55(1.24 ~1.93) 1.47(1.17 ~1.83)
AR5 I R 1 199/3 526 2.22(1.82 ~2.70) 1.90(1.56 ~2.32)

T2, AN A TR RS AR I, 3 DX, B2 0TI K WO, TS R % B M 6 AL

4 i £

AW 5T K B AR N BE MHO B 290 R R
1. 8% ,FENEfEARE T 5 R 16.0% . 5 MUO A#FAH
e, MHO ABERAFI R, 2ot Bl s . DL MHNW
NEERXF B MHO A B CVD &9 KBS A Fr 1 F+,
MUO A HF 4 2 9 XU D B Sy B 2 B0RR: 43 T i
VAV KPR EE SO 2SN | N B8 N O =
IR AR AR RAS 5 45 AR B 2 (R fF AR 2E
fEH.

HTiT, MHO 5 CVD & JAURS: 22 [8] () 5 R 1 R 18
W45, AiERPS MHNW A4 L, MHO A Hf
SN CVD /Y 0 KU A B ST 45 18 45 it 4%
— 3, X ATAES AR P T 9 I 2 S RO i
1o, SRR 2R G S5 R AT RE R A K, AT
TF 9 22 WA 1L A5 PN 22 F B I A RS (B 2 - il
EEIRER — T 2R G0 L R N S R 28 AR ad B %
) SSBECENRE, HtSit—PolRALER
BETH R e S8 O Z B IR D RE R AL ) S0
(i A U T o 5 — I B AL BRI 5T R,
T 3 ~ 9% {2 49% B4 N FF S B Bk i Ry [
RNERLTC B B, T IAAEE CVD 1 8 0 JXURR: , A I vk 2

(il R CR BT MR, B BFSE e s, MHO
(9 CVD XU AT Thes " SRS R — BT fig
F=5 MHO (i Wibs A R AT OC, A3 T 9 32 BH R ff 2
[f— ABE, REUR A A9 MHO 2 Wbz i th 2 S 8 2
A TR0 ) AR IE 0 R 2 BRI TR S
AR (A0 0 ~ 1, <2 83 <3) 1 )0k 4 . it ]
ATP — TR 2 AR, & 38 T AR 2 W90 UE 5L iz bR ifE 2
AR A, B e i XU G S E A2
FRIFSE T A3z e

AW s S A 3G i CVD & XKL
I, [ PN A8 — T IF 9t & B, FE R RIDAE B OB & 4
CVD 1 XU 43 il S AR o 1E # A BERY 2. 35 5 f11 5. 73
572 X — R Bl s s MHO I 4F fd BER &, W
MHO A\ 37 38 28 T 568 B8 e R ol 58 oK B R Dl i A o
PAFEAR CVD [ XU .

W5 R, #HEET MHO, MUO ABffY CVD &A=
KU IR BT S ARG B 45 R — B, SR,
HAWIY B, 5 MHO #7 £, MUO ABERY CVD XU
AR BT ARG — AN ah R B HE AR
WEH AR A RS R B CVD KU 5
[R)BE , — 301 K 7Y BAF1 AF 5%t 36 B 5 MHNW 21 4 Lt ,
MUNW 41 %t CVD [ X34 T 68% ', ¥ 7E 1Y
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JE R AT g 5 MUNW A A 58 RE A 2 7K -2
XD SRR E AT IE AR MRS, AT
B 135 XSS 7 v

AMRBEIE T LA T 5, X A
AR b E KRG 28 M4, B e EACER T, OF
W 2 ~ 3 AR T — IR BT, A B 5T T 5 B A AR 4 il
1E 2013 4F 2015 4% 2018 4= F0 2020 4F gt 47 4 ¥R Bl
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