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BWE:BHH AR SHESEEEE RN S5 54 (NHANES) BB m AT 5T . T EnT IEE B\ ST 58, REiRT
A T R R3S B (WWD) 5.0 1485 955 (CVD) K 4 IR BE T i O Bk, I 32 I 75 18 R B AL Ak (MR) 23 B 48 5 4 A%
WWI B P25 (R SRR 55 CVD BAET-RIERIC R,  WWIE R & G 1605 00 G B3 (k5 4 4 2 1 1Y 3
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WWI 5 CVD(ELFEH W) B 4= RIFE T /) SCIR, I 4Rl . M. BB /K WWAKE L mdf s . W PRAS . K A
YOl TR HEAT Y E AT . BeAh, SR H RS B AN £ 78 B MR, 282 7 22 AL (IVW) 7 ik — 4R HA E | 2
Bl 5 CVDZH MR R, &R NHANES # W f 20 47 078, WWI 5 CVD &9 XU 2 1F [ ¢ 3k (i 3
P<<0.001)., BAFIBFFE R, BEZE WWI K- THE, CVD A4 RAET KUK 1 1, 452 1E A s e, LASR 1 U4 gk
SRS, s TS5 240 CVD B HR 4 1.35(95%CT: 1.28~1.44) . WA /R, TEEAER | 2 @5
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Association of weight-adjusted waist circumference index with

cardiovascular disease and all-cause mortality

JIANG Jingyuan', ZHANG Jingdi'? LI Liuxin**, LIU Yimin®, ZHANG Xiaoxue"’, HUO Zhenyu'?,
LIU Tiantian", LI Bo"*, WU Shouling®, HUANG Zhe*

1. Graduate School of North China University of Science and Technology, Tangshan, Hebei 063000, China; 2. School of
Public Health, North China University of Science and Technology; 3. Department of Clinical Epidemiology, Shengjing
Hospital of China Medical University,; 4. Liaoning Key Laboratory of Precision Medicine Research for Major
Chronic Diseases, 5. Affiliated Hospital of North China University of Science and Technology;

6. Department of Cardiology, Kailuan General Hospital
Abstract: Objective To integrate the cross-sectional data from the National Health and Nutrition Examination Survey
(NHANES) and the prospective Kailuan cohort study to systematically investigate the association of weight-adjusted waist
circumference index (WWI) with cardiovascular disease (CVD) and all-cause mortality. Furthermore, Mendelian
randomization (MR) analysis was employed to explore the causal relationships between the two components of WWI (body
weight and waist circumference) and CVD as well as mortality, thereby providing genetic-level support for the rationality of
WWI as a composite indicator. Methods WWI was calculated as waist circumference(cm)/ y/body weight (kg). In the
NHANES cross-sectional study, multivariable logistic regression models were employed to examine the association between
WWI and CVD. In the cohort study based on the Kailuan population, participants were categorized into quartiles based on
WWI. Cox proportional hazards models were used to assess the associations of WWI with CVD (including its subtypes) and

all-cause mortality. Stratified analyses were conducted according to age, sex, education level, income level, hypertension,
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diabetes, smoking, and drinking habits. Furthermore, univariable and multivariable Mendelian randomization (MR) analyses,
primarily using the inverse-variance weighted (IVW) method, were performed to investigate the causal relationships between
body weight as well as waist circumference and CVD. Results

association between WWI and the prevalence risk of CVD (P for trend << 0.001). The cohort study demonstrated that with

The NHANES cross-sectional analysis revealed a positive

increasing levels of WWI, the risks of both CVD and all-cause mortality were higher. Using the first quartile as the reference,
after correcting for all covariates, the hazard ratio (HR) for CVD in the highest quartile was 1.35 (95%CI: 1.28 to 1.44).
Subgroup analyses indicated that the association between WWI and CVD risk was more pronounced among younger
individuals, those with higher education, and those with diabetes. Univariable MR analyses showed causal associations of
body weight with atrial fibrillation, cerebral infarction, stroke, myocardial infarction, and heart failure, as well as causal
associations of waist circumference with atrial fibrillation, cerebral hemorrhage, cerebral infarction, stroke, and heart failure.
However, in multivariable MR analyses, after adjusting for the influence of waist circumference, the causal associations of
body weight with cerebral infarction and myocardial infarction disappeared; conversely, after adjusting for the influence of
body weight, the causal associations of waist circumference with cerebral hemorrhage and cerebral infarction disappe-
Conclusions

ared. In summary, WWI demonstrated a positive association with both CVD and all-cause mortality. MR

analyses indicated that body weight and waist circumference have interdependent causal relationships with CVD and

- 463

mortality. This provides genetic-level evidence supporting the validity of WWI as a composite anthropometric index.
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T T AT O 1) 5t A% DR 2R A3 o A e DRI Py ] st P g e
IR | 0 L35 2R GRS Fifryg 1 IR 7

L) AE 38 o 75 15 R Bt AL 4k (Mendelian randomization,
MR) J5 % 58 & B, DL 4K 5 45 %% (body mass index,
BMD) 4555 B NE B . 8 500 A R 45 Ry A1 PR
B BRI, BMI AR g — A 1A (A T 10 4 0 A o,
TG X 0 R AL P S5 ek 0120 Rl e T il I 9k o A
MR KA EHRAE . 7RIS §E R, Park 25 4R T —
TS A N AAR I 2245 550, R Sy 4 T 1R I 161 41 45 (weight-
adjusted waist circumference index, WWI) ., WWI 1] L)
G545 T TR 0 O 2, A1 D A 4% 1] B DF-Ails i fiy Joz o AL PR
JAR U I % 1 A5 A TR I £ O R PR 1) R, 5
b AT JiE 2 70 5500 1145 9% (cardiovascular disease, CVD)
KA B HMEERY ., BATEEY, 5 BMIH
He, WWI 78 T 4 [K ZE T KUK D7 T 5 S o af o7 {H
TEFI CVD FH A g XU - HA AT A e 4 i

A 5% B T 36 [E [ 52 {5 i 5% 8 A (National
Health and Nutrition Examination Survey, NHANES) [ i
W 1hT ATF 5 0, B0 A R WWI S CVD Y &6 i,
BT T VRHT BE L BAFI BT 5T, B0iE WWI 5 CVD K4 K
FET-HYRBE; )5, i3 FH MR 20 BT 4R 55 44 i WWI B9 9
NS (RESHER)S CVD KAET-HFE R LR, N
WWIAE N G RA B P 5 A% 2 2 10 ) S F

cardiovascular disease;

all-cause mortality; cross-sectional

Mendelian randomization analysis
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1.1 EETEAREITEE EErmt kT
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255000 A iy 4 EACERPEREAS, X 28 N 4315 7E 4 [E 4%
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35 TF VR BA B AT AN [R], 356 486 A8 S 1) 3 20 0 2 3 v
1E https://www.cdc.gov/nchs/nhanes/ I 2y FF 3815 . 5 W
HAFSE A 1999 % 2018 4F, 49 ALt 10 k4 [ P9\ =)
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A AFRE: (1)Z 1 1999—2018 4F NHANES i #F
)%k # 5 (2) [ B 2 NHANES B 78 J5 48 9% % 50
T FEBE .

HEBRFR e (1) HEBR CVD A 56 1] 4 ¢ R Bk 25 %5
(2) HlE B3 < 2 R 2 B e e 2 25

1 1999—2018 4F NHANES ] A I 25 58 %1 1% [
Bz 101316 A, HEFR CVD AH G 7] 4 5% Ak 6k
e 4505 N, HEBR R 5 R F 5T R 12 273 A,
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T =W SR A AL bR, I R4 X CVD RAET SRt
FTBEVI o ASBHF TN 2006 4F B 2 0 I U At B A H. 58
S ST L 00 P AR SR BRI AR RS 5 . A
ST IR T 2006 42 1 A 1 H, 455K F 2021 4 12 A
3MMH,MAZS5EWEZE T 1m ey A FE .
ENUETELAS R VI 2R =AY NS ST B ) REN i Ll
1B Dy 2 AL HE (HEHESC'S 2 2006 BEAEF 55 ) .

a9 A HRAE: (1) 250 2006 4F FF 25 4 e 1R K 2
(2) [FESINAR T8 B A R E A .

HE Bk A5 . (1) HEBR 2006 4F 77 76 CVD % 92 3 ;
(2) HERR 2006 41 {4 T 1 R 404 i 2

2006 4F3E31 101 510 42 5 5 IR ST BAE R
A IF 238 T s R = 45, HEBRBR A CVD i s &
3903 N, HkBR A A/ R Rk 2 108 A, B g
AW MR R AL 95 499 A,
1.3 MR#FSREIRIT B AR EFEFRIE X
MR BFFEH, i F 8= B & A BLHEET X WWI R 4x 5k
A 2H B 5T (genome-wide association study, GWAS ) 4§
I, ABFFEHAE WWIT B R 2, X544 i WWI Y P-4
oy (R 5D 4351347 MR 238t A MR #F5E h
i T T R A e A SRR 42, Br A i ¥k A 2
RIS BT A 22 D1 e IEST, LR | 1A S AR AR AT
HOHE ok F AT AT 00 S [ A W A A T 00 T, i A v
JIRi 4 AL ) SRR A 2T Al R 25 = 8, O
Jo B S AR DU ok 8 22 T AT A 25 =2 Hidha 12 A A=
w5 BT TR P, O JIUREZE AL T80 R T8 ]
A IREA FERIE PE A5 2 5 %R . % GWAS BIFFE RE
BV [ 175 633 & 480 299 A%, iAot 554
B3R RN A A, DL RRAR PR A b AS [] 117 5 5094 YR 2% O
TEANH) GWAS Bl 4R 15 2, A48 BAR R AL 420y | FF
A ARG AT R 22 51 (single nucleotide polymorphism,
SNP) % £t UL 90 285 Jz BFim A1 R 10 A< BF 5 BT A Y
GWAS %098 5 2 0] 7£ https://gwas.mrcieu.ac.uk/M $% 3| .
14 —RARIABE WWIBIE X NHANES H5¢
AR B2 8 24 28 e R B 0 S BT A o B v e P A [
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HL AT FE SR AT s B SRS A 2 0.1 em, 1A TS B 2
0.1 kgo R UIE 5o v fof 4 00 4 R ik, ELAACHR A I, o
ARG, JE M AEM T S A G B M %%, R4
I e, LS PRAE MR | B M i A A A, TR I
https://wwwn.cdc.gov/nchs/nhanes/continuousnhanes/manu
als.aspx?BeginYear=2009. BA %1 bff 5% Ui 17 95 = 94 A N
UL SCHER (18] BAS 5T NI 5 18 AR A 45 B & L 1A
AR . B AT R S ALE Y RGZ-120 B4 5
RN R, 2R WU L LR . R K, Bk
) 0.1 em, AT ERTHE] 0.1 kg FEE I 5 A Bl 0 2 3

SE, XU ST TT 25~30 eme I 57 AR 7K P60 8K iR
G 12 I T g fiyrb i B REN RS, B
AN, I (RS B0 2 0.1 om. A K 5 25 5468 i R Ab
K-8 — i 0
WWIERHE A In(WC)=p, + B In(fR ) +¢ il

(4, A0 B R 0.494(F%3E 0.5), WWI R 243153
AR (em) /T (g ™o BMI= 1K T (k) /5
B2 (m?)
1.5 HBETEMRPHTEITHRBERXEL AHSIT
SR A 7 OB AR L PR . 2 BB R L R/
J6 . FRBEWCAARDE . WA L DRI L DR | s L) R B
M ER S AR EEEKRETTRM S . AR
AR AR AR AL SR LT ok | Wi R L H ol =R L SR
[ Pt | AIK % B2 BB 25 1 IE [ 5 (low density lipoprotein
cholesterol, LDL-C) . &% & i5 2 1 B [# % (high density
lipoprotein cholesterol, HDL-C) ] & if i % 8l ki #x H .0
(mobile examination center, MEC) fi¥] [Z5 2 K6 i 11 i 5 1Y
S IR RAG N . ZBEBREH D0 9 EH L
T~ 11 ARG mh ik, REEEl LR b LR
PR ELLL b RRERE B R SRV AR A SE N
HABVGHEA %5 AEvEBEF w AR AT . BV B A
AH AR (45 Z 0% ) o WARIRBL iy <«— 2= v 2= D
W H 100 3 5E , DRI ARG <A 2R A 3 i
12 POV o e Il B E SO R LN AR — 45 (1D H
MG IEAE IR R B R 25 (2) 86 4 B2 A2 12 8y e L
(3) MR s A< BiF 5% I 2 K4, P Y904 e = 140 mmHg
(1 mmHg=0.133 kPa) 8 V- Y%7 5K s = 90 mmHg. #§/K
TRIE T2 58 A R ARG W BEA 2K,
1.6 BAFIBAR A TEFMREXREX M RN
R AR /KB it T 3 T A6 24 H 07: 00—09: 00 I
I Fe, 523808 B A7 2 /0 2 F R EL S min, U A7
Wi 5 Pk, IRTIGE 5SS 1 3 i s, A IS 46

HOEPK, B 3 YRGB E AR il s AE, AU
AR 1~2 mine A GRS I 0 45 25 18 0 . A [
BE . Hih =M@ . HDL-C. LDL-C % . Lk L Jirf A 4k 78
A T R BE B b0 S S = Y A B A A (H 57
747; Har, HARZR D) AT i, w1 s SOl 2 LA
AR —44F: (D W4 = 140 mmHg F/s047 3K R =
90 mmHg; (2) A W16 1 ey 1% 52 5 (3) B i IE AR IR H %
FE2 U R IRIE E ORI L AR — 4 (D31
IMKE = 7.0 mmol/L; (2) 44 WIHH 1M JR v 55 (3) BT
TE7E R R 25 2 WO A 5 S 3 1 ARSI R &
TS, SO R AR . RIS SO I 1 AR
PR AR 2> 1R, B & SO AR Y
1.7 HREHERY =T NHANES B9 Wi oF 52
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P TR O ] A 1) 45 BT A5 1) AR 3 ) FRAR 2 A R AR 12 W
SPHCkTER .. S5 E N B B A SO R K
BT RS R R T O S e 0 B
O WUBEBE /il A v i SR — A A% 1 3R A ] ] 8 ] 25
S, WAL A AT CVD. BABIAFSE DL CVD K 4 A
BT R &G R, CVD AL EE - I A H (g o I L i A
B D HUREFE O S sy O sl . AT X
Sk B30 IR) A A AT AT BB T, JEIe DR R AT . B4R
CVD F M5 BN FF AL SRS B RGAREL, 2t
FEUINAY BE 55 N G ek AR I T R 46 A il g 1= e B iy 2 Ok
MU B A I IE %, A2 B34 Bl 2R AR 4 4 Bl
i DI ARAA 22 SR PR 3 2555 10 i (international
classification of diseases, 10th revision, ICD-10) #ffi 7€ &%
fE CVD Fff, B4R o I JAt SR BR AR B R Gt KL
FET- Bk, LA 2006 4F 2 A K (%) 1) 18] 7 Sy B 15 B 46
IfE], A& HE CVD S48 Bl U5 #E , #5 2 & 4= CVD,
W DL K &A= CVD Y I ] S #80k IF R] 2 R kA
CVD H1 &4 T FET, W LA & A= 56 1~ 11 15 8] Ry 48K 1k i
] o #7 & &4 CVD MFET:, W BE 5 4% 1k 3 2021 4F
12 731 H,
1.8 FitZEHE IR WWI U008 A S U8 4T 4
ST . FFAIER AR R ORER S B AR o 2
(x£s)FoR, ZHM ECRHBH R T 2500, AT
IR 3 AT B 1 i BORER LB (Pos, Prs) R, £
4 1] L35 R FHAE S 80BL FIAS 36 (Kruskal-Wallis) o 114X
TORHAB (%) Fon, Z A R K5 2] e
W L5 240°R FH Bonferroni 325 o T Ge 140 #1 B SAS9.4
F1R4.2.3 B A #EAT, LA P<<0.05CUUMNAG56) hy 22 %A 4t
THEE

JE T NHANES f4 8 W 18 F 92 78+ 56 B M N 1H 5%
X E A AR SR H £ I logistic [0 9 455 &Y 5 i3t
WWI 5 CVD 14 X1, NHANES 088 A 5 43 #r 1 3%
AN+ 7 ) AE 35 [ E &K DA% 1T 70 (National Center for
Health Statistics, NCHS) B % £ ], HAK%BE 4% 4+ https://
www.cdc.gov/nchs/nhanes/tutorials/weighting.aspx ., 45 5
DL HAE H (odds ratio, OR) Fil 95%CI Frn o A 1 A% 1E
TAERE | MR B 2 AEARRY 1 AYIERE EACIE T
TZHERE (SRR L W (53228 ) | RN (4028
A ) MR BE AR (G328 i) o AR 3 FERLARY
2 YA ERCTE TR (S 2678 5 ) | e Il e (3272
) Hh Sl GRS AR ) . B I R (AR ) |
HDL-C (#4748 ) fl LDL-C(#%4245 &) . i NHANES
WA A9 € CVD AL, BOF AR X R E R CVD 3
SRS o

BA 31 A 5% >R FH Cox b i) XL 5 A5 78 458 3F WWI 5
CVD IR, 455 LI Lt (hazard ratio, HR) Fl 95%CI

TR o BAL 1 MIE T AR A ) AR 2 FEREAY 1 1Y
Benh BACOE T2 BE R (KA ) | W (53R
) RN (PR L FEACIRGL (7028788 ) . B
A3 FERIRY 2 LA FARCOE TR (PR R L &
M (32728 &) . Hh =g GEZ 2 &) | GUH [ (%
27 i) . HDL-C(j% 278 &) fl LDL-COGEZE AL fE) o
YT AF CVD RS AT REAFAE 57 Bk, 73 IR T WWI
SEHER CVD FFR K. 15 CVD B Z i, 4
IR (<60 2. =60 %) HEA(BHE, Zotk) . BEKF
B B LAF | mrp kel B - B AK-( < 800 I8, >
800 JT) . MIRHE (A . TC) . Myl (A . JB) . WA (A
JC) FRIE CF . J8) 43 2B Eik Cox #8434k
BREELR MR [ TR 24 | BEAE 2y | BRI 25 ARERIBE DT 2 4E N
RAAL S F ARG, 15002 Cox HE A XU 1] 19
BRI BT WWI R CVD K 4 RIAET Z [ SCHK

AR 75 L SNP E & MR 43 81 19 8% 0 T 2L 7F
(instrumental variables, IVs) . MR 43 #7 1 £ % (1) SNP
SE ARG DL N AR AEZE PR S T L = BE A OC Y SNP, Jir
A ) T HAS EARIL R T a5 A g7 2 (&
BT P<S5x 10 F P<107° PHRN /3BT B MH ) 3 ikt 3%
BT (52 ), ] RO R B T ANAE G A AR
(7 =0.001; 10 000 kb 5 &5 ) (1) SNP; Xf T T A £ & 1
SNP, F{A (183 T H 7% &t Fl 5% 58 =2 0] OC & 9 B (Y b
HE) > 102 KB HTA MR 4347 H i i 4236 T
Bzt (B ATE SNP) 5 2 UL R0 25 R B b} 1.,

K 875 £ MR (univariate Mendelian randomization,
UVMR )73 #H7 f1£ 2% 5 MR (multivariate Mendelian rando-
mization, MVMR ) 43 #7 > #E W7 {& & 1l [l 5 CVD
WERIFISET Z (] B PR SE & . UVMR 138807 22 A
1 (inverse variance weighting method, IVW ) Sk 5 7
BRAG T SRR B . T/ H 2, 7R IVW i iR R 18
Ft 3R 2 (Wald ratio method ) , AR 3 4 A~ 75 55 X 22 7% [H %
R 5% W) R E L N AS S50 X I T 5 5 e XU 1Y 2
Wi 24 S i A BIF S 2 I, A R R s R R i
iy HE B a3 2 PR 2K W AR S e, R AR R [
CVD W RUFIBET 2 8] iy A7 IR O FR, 1 IVW J5 i
#E— 2L AT MVMR 5387 o i, 43 SR 35 R JIEE [ 5
AR R Y [R] — 28 U ) CVD AU FIAE T 45 )5y (1) 45
(P<5x 10" Fl P<10™° WA~ M) B &, JFHEAT 5285
Br, DAZS 243 BT 45 B4R Ry ik T MR BIF 98 1 24518

3R UVMR 1 MVMR 4347 5% F 4145 MR-Egger'®’
AN 437 5 27 7 P A e 75 7 325 D0 0 225 % 1 it
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BTN, & — AR MR A THE RS BE L m AL iy A4~ 14
fliHE A R PG R 1A R, #E 1T T 2 I
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JEAE S B AN BT K 5 o R Cochran’s Q # 56 PF il
SNPs i 5 i b, 24 P> 0.05 B R ANTEAE S bk . #5
SNP [H] £ 7E 8 2 5 J5T 1 0 R R BE AL 80 g 45 38, e 22 T
e FH [ E RV AR AL 38 53 MR-Egger A8 11 51 5 (H
KoK - 23030, Hodh MR-Egger #1037 14 £25%
PERLN, (R P<<0.05) , HRE 3 0] 7 A R fdt i) 2 8501k
MR i B . WF5REHEFT T Steiger K5, D5 Ik 2% %
N2 R ETERUIR SR B AL AR RN B, & TH
A5 Y Steiger P {EH <<0.05, MITA Ay %5 75 [H 2 78 2 i
& B TA R A Y B, SRR S R ik .

2.1 ETF NHANES 33 £ E A B R E BT E i 3=

211 BEWTIEAF TR XS G0 — Mokl BT T I 5 A ¢
YN 84 538 A, %3 FE A M A D HEAT I AUR , AT
276 017 688 2 K E A . WMEEXT R A EELAFW N (37.5+
19.2) % o KB 5E %5 G2 48 WWI (5 DY 5057 505 0 DU 4,

NSRS — D 4357 4 0 55 09 DY 4357 28 %) [ 1 ¥ BBl 43 31 ok
5.65~<10.31cm/ kg 10.31~<10.99cm/fkg . 10.99~<
11.70 cm/yfkg . 11.70~16.05 cm/\fkg. KEH WWI )
GG R, WA B LLT B 1Y o6 o3 A BT,
2 P BB T, AV D AR A R Y Ee 81 b T, b
PRI FEPT 3R 1G I, W 2 RS RS 2 ) b ) T, B R
Agit#E (R,

2.1.2 FEWIEAFSE T WWI 5 CVD SR 56 DI
TR CVD Ny S &, A IE BEZR AR WS | Pl | ik
HE K A WO BEIRE L IR KR
H b =W . S E B HDL-C Al LDL-C 2 J5 (1571 3),
17 2 & logistic 11l I 43 #r, 45 R Bo/n, WWI 5
CVD KU Z 18] 1 1F ] SCHR A ge it 22 8 . 5 Ak
IYOLECR L, WWIAE 58 2, 55 3 FIEE 4 DU 57 B0y
AME, B CVD 1 OR(95%CI) 4351 A 1.26(0.69~2.31) |
1.74(1.26~ 2.14) Fi1 2.27(1.23~4.19) , WWI & 34 /i
1 AFRifEZE, CVD KU N 33%(Ppy, <<0.001), L35 2.

% 1 NHANE BRI BT 58 WWI DU 53037 53 20 A HESE LR RFAE
Table 1 Baseline characteristics of populations stratified by WWI quartiles in the NHANE cross-sectional study

5 AIALAGIEL IIEEITES CVD AR (%) B¥En(%)]

Group Unweighted number Weighted number [n(%)] Age (years) Male
51094307 Q1 21 134 71961 941 892 643 (1.24) 294 + 142 40 405 669 (56.15)
200507 Q2 21131 78 595715 3382283 (4.30) 383 +19.3° 40 529 636 (51.57)°
3045 Q3 21138 69 546 187 5961 346 (8.57)™ 434 + 212" 32997 208 (47.45)™
H4m a7 Q4 21135 55913 843 6574 524 (11.76)™ 39.2 4+ 19.2% 21 405 746 (38.28)™
SAHE Total 84 538 276 017 688 16 810 797 (6.09) 375 £19.2 135338 261 (49.03)
Fly’/HIE 2251.72 2040.48 1467.65
PlE <0.001 <0.001 <0.001

o it [n(%)] Race

Group EVTRFEEEA HALPGHE A % EPEHEF B AN VP E AL E HoAt A

Mexican American Other Hispanics Non-Hispanic whites Non-Hispanic blacks Other ethnic groups

51094307 Q1 4238 953 (5.89) 3702376 (5.15) 46 765 577 (64.99) 11 975 409 (16.64) 5279 625 (7.34)
20057 Q2 7367297 (9.37)" 4704 039 (5.98)° 51 983 036 (66.14)" 8 541 045 (10.87)" 6 000 296 (7.63)"
3057 Q3 7773 034 (11.18)™ 4523 367 (6.50)™ 44 948 663 (64.63)™ 7212 854 (10.37)"™ 5088 268 (7.32)"
H4m a7 Q4 7270 599 (13.00)™ 3705 169 (6.63)™ 36 090 810 (64.55)™ 5156 909 (9.22)™ 3 690 354 (6.60)™
S K Total 26 649 885 (9.66) 16 634 952 (6.03) 179 788 087 (65.14) 32886218 (11.92) 20 058 545 (7.27)
F/l/HIE 1252.96
Pl <0.001

205 R RELESE A [n(%) ] W [ (%)] It =1 (mmol/L) S B (mmol/L)

Group . a(%)] Drinking Smoking Triglyceride Total cholesterol

High school and above

51094537 Q1 43 750 407 (88.56) 35061 804 (81.17) 20 635 247 (40.66) 0.81 (0.60, 1.14) 421 £ 0.82
20057 Q2 54 673 000 (85.38)" 42 468 319 (78.37)° 29 257 503 (45.32)" 1.08 (0.76, 1.60) 423 +0.79
%3057 Q3 44 976 825 (79.93)™ 34 423 581 (72.82)" 27 684 575 (49.01)® 1.30 (0.01, 1.91) 4.26 £ 0.80°
4057 Q4 27 136 940 (75.02)™ 18 914 360 (64.45)™ 17 954 831 (49.47)™ 1.45 (0.99, 2.08)™ 422 +0.78°
MM Total 170 537 174 (82.83) 130 868 065 (75.21) 95 532 156 (45.90) 1.08 (0.74, 1.65) 423 + 0.80
F//HIA 1550.89 1798.90 425.49 1.61 1.45
PlE <0.001 <0.001 <0.001 0.185 0.225
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Table1 Continued

415 LDL-C HDL-C WP [n(%) ] R [n(%) ] PIR = |

Group (mmol/L) (mmol/L) Diabetes Hypertension [n(%)]
10U Q1 2.65 £ 0.83 1.45 + 0.40 872180 (1.22) 14497851 (20.27) 47 541 499 (85.83)
24 Q2 3.00 £ 0.91° 138 & 0.41° 2951797 (3.80)° 28798322 (37.42) 47 434 832 (87.31)"
H30U57 Q3 3.05 + 0.95® 1.33 + 0.40® 5917702 (8.70)"® 33416780 (52.03) 40 766 074 (85.70)™
Ao Q4 2.96 + 0.94™ 1.30 £ 0.37% 8065468 (14.74)™ 25671098 (64.29)"™ 33221 622 (81.86)"™
A Total 2.91 & 0.92 1.37 £ 0.40 17807147 (6.55) 1023840504 (40.53) 168 964 029 (85.39)
Fi/HIE 833.49 581.63 3402.25 1891.65 272.01
PlE <0.001 <0.001 <0.001 <0.001 <0.001

4150 WWI BMI PR (cm) JAAEGY [n(%)] Year

Group (em/ ykg) (kg/m?) Waist circumference 1999—2000 2001—2002
F10usrr Q1 9.81 £ 0.38 2322 + 433 80.72 + 10.40 8355839 (11.61) 8061 562 (11.20)
2104 Q2 10.66 =+ 0.20° 26.00 + 3.54° 91.21 + 14.87° 7429 681 (9.45)" 7 528 655 (9.58)"
34 Q3 1133 £ 0.20° 28.88 + 5.10° 95.66 + 19.47% 5578 625 (8.02)™ 5665 033 (8.15)™
HI40U5M7 Q4 12.28 + 0.49™ 30.95 + 8.37% 99.72 + 12.743"™ 4265 563 (7.30)™ 4398215 (7.87)™
ST Total 10.89 & 0.93 26.51 £ 7.14 91.07 + 20.04 25629 710 (9.29) 25 653 467 (9.29)
F//HIE 198825.45 7556.43 6496.75
PlE <0.001 <0.001 <0.001

2159 JRWAESY [n(%)] Year

Group 2003—2004 2005—2006 2007—2008 2009—2010 2011—2012
1447 Q1 6 835 387 (9.50) 7352784 (10.22) 7 436 940 (10.34) 7433 757 (10.33) 6 849 903 (9.52)
5210437 Q2 8 068 395 (10.27)" 7970 117 (10.14)* 7 494 249 (9.54)° 8039 611 (10.23)" 7973 834 (10.15)°
%3004 Q3 6 600 479 (9.49)™ 6 650 699 (9.56)™ 6 830 369 (9.82)™ 7056 278 (10.15)® 7627 126 (10.97)™
H4M 47 Q4 4999 256 (8.94)™ 5133 364 (9.18)™ 5510 595 (9.86)"™ 5246 428 (9.38)™ 5950 875 (10.64)™
SR Total 26 503 519 (9.60) 27 106 966 (9.82) 27272153 (9.88) 27776 075 (10.06) 28 401 739 (10.29)
Fi/HIE 823.16
PH <0.001

25 JRWAEDY [n(%)] Year

Group 2013—2014 2015—2016 2017—2018
F1HAM Q1 6 538 201 (9.09) 6 457 545 (8.97) 6 640 019 (9.23)
SE200 47 Q2 8220 511 (10.46)" 7779 751 (9.90)" 8 090 906 (10.29)"
SE30U4H0E Q3 7 606 609 (10.94)" 8 104 276 (11.65)" 7 826 689 (11.25)®
H40U 57 Q4 6 449 525 (11.54)™ 6 837 759 (12.23)™ 7122 258 (12.74)™
M Total 28 814 848 (10.44) 29179 333 (10.57) 29 679 874 (10.75)
Fl/HIE
PfE

FE B AT T PR LI B AR 22 (X £5) FROR, AR IE S0 AT 09 1 1 BB L L8 (P, Pry) 378 . NHANES 3 [ [ {5 35 77
A s WWIDA M 9 2 16 435 20 CVD2R O I A8 890 s IR SR E WO 5 9% IR b 8 5 LDL-C o IR %5 BE AR & 1 JIH [ 855 HDL-C oy 55 %2 B2 AR 2 141 iH i
B BMDR R RIS H0 . R E oy W3R I BUS BIEGTH . 558 1004 4L HLEE, °P < 0.05; 5552004 41 L3R, "P << 0.05; 5453040 (i 41 L
i, °P < 0.05,

Measurement data with normal distribution were expressed as mean % standard deviation (X £s), and measurement data with non-normal distribution were
expressed as median (P,s, P,;). Abbreviations: NHANES, National Health and Nutrition Examination Survey; WWI, weight-adjusted waist circumference index;
Ql, first quartile; Q2, sencond quartile; Q3, third quartile; Q4, fourth quartile; CVD, cardiovascular disease; PIR, the ratio of household income to poverty;
LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; BMI, body mass index. All percentages shown in this table were
derived from weighted case numbers. Compared with Q1 group, *P << 0.05; Compared with Q2 group, ®P < 0.05; Compared with Q3 group, P << 0.05.

2.2 BAFIFFER B, HEBRBEAEA CVD e s 3903 A, HEBR A= A1/
221  BAFIBFIE MEEXT L) — MG 0 2006 4F 3312 oY Rk 2 108 A, B &9 A BE 9% 10 WL 2K R %

53 101 510 A B UK S0 e fdt R A G I 25 28 S 1 [ 95499 A . "W rBf VT E] A 14.02 45, AT 5 Y Kk
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LAWY R (51.3212.4) % o FEfe i WU A7 41, AR ) 4F
W HEA, otk AR2E DT NHE L DR R | e I A B

Bt d s, 440 B, 2R A 0%
P<0.05), W3 3,

X

3R 2 NHANES W} AR WWI K X0 10875 5 XU 32 il 14 N4 22 5 logiistic [71 9 XU AR AY (n = 84 538)
Table 2 Weighted multiple logistic regression risk model for the impact of WWI levels on cardiovascular disease risk

in the NHANES study population

A FIAZ

Model Independent variable B SE Wald 1 OR (95%CD) P
1 WWIPHS3+i2H Group
S840 Q1 1.00
H52045007 Q2 1.366 0.068 403.532 3.92 (3.45~4.50) <0.001
%347 Q3 2.066 0.068 923.247 7.89 (6.91~9.01) <0.001
Hr4DU4307 Q4 2216 0.067 1093.712 9.17 (8.03~10.45) <<0.001
WWI + 1 SD 0.577 0.014 1698.572 1.78 (1.73~1.83) <<0.001
P for trend <0.001
2 WWIPH53i2H Group
H10U5307 Q1 1.00
H20U45007 Q2 0.507 0.080 40.225 1.66 (1.42~1.94) <0.001
30400 Q3 0.775 0.078 98.275 2.17 (1.86~2.53) <0.001
H540U4307 Q4 1.008 0.081 153.778 2.74 (2.33~3.21) <0.001
WWI + 1 SD 0.292 0.021 193.778 1.34 (1.28~1.39) <0.001
P for trend <<0.001
3 WWIPL 53320 Group
SIS QL 1.00
H20U45M7 Q2 0.231 0.308 0.562 1.26 (0.69~2.31) 0.455
H530U5M7 Q3 0.554 0.135 16.841 1.74 (1.26~2.14) 0.048
44 Q4 0.820 0.313 6.865 2.27(1.23~4.19) 0.009
WWI + 1 SD 0.285 0.090 10.001 1.33 (1.11~1.58) 0.002
P for trend 0.002

AR VRS IR AR Y G LR ) |« M OB M sl Lo b ) A APl (RS RFF 5 [N HAL PE BE A5 35 .
T ) 5 B 24 A 1A R A DA IE BB K G2 s ) L AR CR A ) R C28 ) . FEEIA CRE ) o BRI 3R R 20 JE Al [ A% I 4% IR
W CRELAE ) . SR Rk 75 ) .« Hil = Fg (%E42) . BHE R . HDL-C(# 42 ) MILDL-C(GESE) . NHANES Y 36 [H [ 5% filt B 5 5 57 25 ; WWIh
A I 4 I R 48 855 SDoM AR 1E 225 P for trend 4y #4344 K6 56 PIEL; HDL-C 13 4% 1 i 25 11 ME [ 5 LDL-CoA 0K %5 35BS 25 14 R T s

Model 1 adjusted for age (continuous), gender (male or female), and race (Mexican-American, other Hispanic, non-Hispanic white, non-Hispanic black,

FEPE BT A ARV PEF % AR U A AR A

and other races); Model 2 adjusted for education level (yes or no), alcohol consumption (yes or no), smoking (yes or no), and family income (yes or no) based on
Model 1; Model 3 adjusted for diabetes (yes or no), hypertension (yes or no), triglycerides (continuous), total cholesterol, HDL-C (continuous), and LDL-C
(continuous) based on Model 2. Abbreviations: NHANES, National Health and Nutrition Examination Survey; WWI, weight-adjusted waist circumference
index; QI1, first quartile; Q2, sencond quartile; Q3, third quartile; Q4, fourth quartile; SD, standard deviation; HDL-C, high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol.

222 BAFIBESE T WWI 5 CVD J 4 RAE TS5 4R 1) 3¢
BX A0S A B0 5T b, BE E WWILK F 1 38,
CVD 114 % 5 %5 B I\ S5 A% 9 43 B ) 5.3 43 /T N4 34
T2 d5e 175 VU237 K 13.28 41/ T NAF . (EAG IE FEER4E
W4 PRI R KT O TR OB R L I
FEEWCA . H i =h5 ., S AH[E B HDL-C il LDL-C 2
Ja (LR 3) J5, 2 [H 2 Cox Hb 49 XU [ 19 43 #r 8 7
WWI 5 CVD XUF: &2 IEAH G . 5 fe A% U 43 500 L,

WWI A T4 2, 55 3 FIEE 4 Ui 8004 CVD 1Y
HR(95%CI) 43 51 49 1.13(1.06~1.20) . 1.26(1.19~1.34)
A1 1.35(1.27~1.44), WWI &30 1 Mhrifi 2, CVD )
IR 38 8% (P << 0.001), W3R 4, FliE WWI i,
FET- ARG 3 Tt 7EAEA 1 IR 2 | Bl WWI

o, FET KU 2 b, (HAEREAY 3 ) S DGR
55, W3 4,

223 BAFIIFSEH WWI FilEFE CVD 4 22 8] i) & Bk
SRR, BEE WWILEG AN, fx 2 | A58 Koot 1 %
Vi ) R 4 B B TR A i L O LR BE R B

B30 Y 0 2 P B ésul HiEaHAL 5 e
FGAEZE . O Sy g — 8, HFE— 00T WWIL S

6 F R 2 CVD U 25 H Hwﬁﬂ']l\ i 45 BE | O LA BE.
i TRV B B Bl ) 1 A0 AU Z T I DG 2R, TH3E T
Fr A A B (B 3) J5 B, A B AR At L 0 LA
HE A J7 5 05 1) 9 LIS B WWIL o5 1T 38 i, WWI
BRI —AFR 22, KU 35331 8.0%. 8.6%. 9.8%
A 11.9%(£ 5) .
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£ 3 BAFIWFSE WWI U7 2 A B LR R AE
Table 3 Baseline characteristics of populations stratified by WWI quartiles in the cohort study
415 1% AEi (%) Bk n(%)] mP R EEE (%)) W [n(%) ] W [n (%) ]
Group n Age (years) Male High school and above Drinking Smoking
S 1IU530E Q1 23 873 452 + 121 18 539 (77.7) 6 620 (27.7) 8969 (37.6) 8 042 (33.7)
20041 Q2 23 860 494 + 114" 19 540 (81.9)° 5385 (22.6)" 9972 (41.8) 9004 (37.7)"
%3047 Q3 23 891 53.0 = 11.0" 19 770 (82.8)™ 4395 (18.4)" 9809 (41.1)* 9075 (38.0)*
4057 Q4 23875 57.5 + 11.9™ 18 093 (75.8)™ 2899 (12.1)™ 7012 (29.4)™* 6 634 (27.8)™
M Total 95 499 513 + 124 75 942 (79.5) 19299 (20.2) 35762 (37.4) 32755 (34.3)
Fi/HIE 4878.48 491.46 1932.06 990.54 722.52
PlE <0.001 <0.001 <0.001 <0.001 <0.001
2051 =M (mmol/L)  ELAR W (mmol/L) WERIF (n(%)] FIIE [n(%)] LDL-C
Group Triglyceride Total cholesterol Diabetes Hypertension (mmol/L)
1PU5M Q1 1.13 (0.79, 1.66) 4.85 + 1.04 1309 (5.48) 8 342 (34.9) 242 +0.75
2057 Q2 1.25(0.89, 1.88)" 4.95 + 1.08" 1 780 (7.46)" 9 654 (40.5)" 242 + 0.81
%3045 Q3 1.36 (0.95, 2.08)" 499 £ 1.12" 2550 (10.7)" 11309 (47.3)® 2.38 £ 0.89"
Ao Q4 1.38 (0.96, 2.11)™ 4.99 + 1.15% 2958 (12.4)™ 11 917 (49.9)™* 2.14 + 1.01™
SAHE Total 1.27 (0.89, 1.93) 4.94 + 1.10 8 597 (9.00) 41222 (43.2) 2.34 + 0.88
F//HIE 1762.58 86.19 846.02 1341.60 581.64
PlE <0.001 <0.001 <0.001 <0.001 <0.001
25 HDL-C JHEA >_8007D (%)) WWI BMI JEE] (cm)
Group (mmol/L) Monthly ::zznme = 800 (cm/ \/@) (kg/m?) Waist circumference
1047 Q1 1.55 £ 0.39 3307 (13.9) 9.34 + 0.42 2451 + 3.65 77.99 + 7.30
204467 Q2 1.54 + 0.38" 3613 (15.1)° 10.09 £ 0.15° 2491 + 3.16° 84.61 + 6.67°
H30051 Q3 1.54 &+ 0.39 3732 (15.6)" 10.61 £ 0.16™ 25.46 + 3.32% 89.33 + 7.04™
4057 Q4 1.57 & 0.42%° 2904 (12.2)™ 11.60 + 0.83"™ 25.19 & 3.71™ 95.80 & 9.27%
SR Total 1.55 £0.39 13556 (14.2) 10.41 £ 0.95 25.02 &+ 3.49 86.93 & 10.04
Fl/HIE 30.47 140.68 94650.70 329.33 23.58.71
PlE <0.001 <0.001 <0.001 <0.001 <0.001

IS BT R GOR DU B AR HE 22 (X ) FOR, AR IR 340 00 T i BB A RLEL (P, Prg) 78 . WWIR 145 1 3 %% 8 [ 5 %4 LDL-C
Ay AV 2 G 2R 11 L3 e s IDL-Cy 5 %5 13 G 78 1 L (1 s BMIDR PR S48 880, S5 405 100 23 (3 4 HL A, P << 0.05; 5585 200 43 4 A, PP << 0.05; 5
530U 47 2 LB, °P < 0,05,

Measurement data with normal distribution were expressed as mean * standard deviation (X & s), and measurement data with non-normal distribution were
expressed as median (P, P;;). Abbreviations: WWI, weight-adjusted waist circumference index; Q1, first quartile; Q2, sencond quartile; Q3, third quartile; Q4,
fourth quartile; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; BMI, body mass index. Compared with Q1 group,
P < 0.05; Compared with Q2 group, P < 0.05; Compared with Q3 group, °P < 0.05.

R4 BRINWIIE WWI KT X Co I A8 95 9 114 PR B8 12 JRUR: B2 1 1) Cox A5 KUBS A58 (n = 95 499)
Table 4 Cox proportional hazards model of the impact of WWI levels on the risk of cardiovascular diseases

and all-cause mortality in cohort study

P2 3R BE
P o sk O S Iﬁj) s s waal mmosn el
Dependent variable ~ Model  Independent variable n/N (per 1 000 person-years)
CVD 1 WWIPL 5372 Group
S5 Q1 1 668/23 873 5.30 1.00
2053 Q2 2311/23 860 7.46 0.150 0.032 21.390 1.16(1.09~1.24) <0.001
34 Q3 3.096/23 891 10.26 0306 0.031 98418  1.36(1.28~1.44) <0.001
A5 Q4 3814/23 875 13.28 0375 0.031 147467 1.46(1.37~1.55) <0.001
WWI +1SD 0.089 0.009 92.388  1.09(1.07~1.11) <0.001

P for trend <<0.001
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Table 4 Continued
o 3R
LB s AZeht e /y;:fife)rii/zrfs\if? B SE WadZ HR(95%CI) Pl
Dependent variable ~ Model Independent variable n/N (per 1 000 person-years)
2 WWIUS 4 Group
SE1MA Q1 1 668/23 873 5.30 1.00
B2 43 Q2 2311/23 860 7.46 0.150 0.032 21529 1.16(1.09~1.24) <0.001
5300431 Q3 3.096/23 891 10.26 0304 0.031  97.135 1.36(1.28~1.44) <0.001
Fi4M 5 Q4 3 814/23 875 13.28 0372 0.031 145303 1.45(1.37~1.54) <0.001
WWI + 1 SD 0.090 0.009  92.388 1.09(1.07~1.11) <0.001
P for trend <<0.001
3 WWIPY5ii2H Group
S1IU4307 Q1 1 668/23 873 5.30 1.00
Fi20U5M Q2 2311/23 860 7.46 0.121 0.032 14075 1.13(1.06~1.20) <0.001
53304437 Q3 3.096/23 891 10.26 0.232 0.031 55951 1.26(1.19~134) <0.001
S54IUSAL Q4 3 814/23 875 13.28 0302 0.031  93.813 1.35(1.28~1.44) <0.001
WWI+1SD 0.079 0.010  65.136 1.08(1.06~1.10) <0.001
P for trend <<0.001
S HBET- 1 WWIPY5Hi 4l Group
All-cause mortality 1045 Q1 1769/23 873 5.47 1.00
552043 Q2 2282/23 860 7.09 -0.028 0.032 0.795 097 (0.91~1.03)  0.373
S530U53% Q3 3226/23 891 10.15 0.069 0.030 5353 1.07(1.01~1.14)  0.021
54 ST0L Q4 4964/23 875 16.16 0.189 0.030 42446 121(1.14~1.28) <0.001
WWI + 1 SD 0.073 0.009  67.289 1.08(1.06~1.10) <<0.001
P for trend <0.001
2 WWISMi4H Group
1A Q1 1769/23 873 5.47 1.00
520053 Q2 2282/23 860 7.09 -0.022  0.032 0.491 098 (0.92~1.04)  0.484
5300431 Q3 3226/23 891 10.15 0.077 0.030 6.632 1.08(1.02~1.15)  0.010
Hi4M 5 Q4 4 964/23 875 16.16 0.190 0.029  42.834 121(1.14~128) <0.001
WWI + 1 SD 0.073 0.009  67.159 1.08(1.06~1.10) <0.001
P for trend <0.001
3 WWIPY53i2H Group
10457 Q1 1769/23 873 5.47 1.00
2004501 Q2 2282/23 860 7.09 -0.036  0.032 1.300  0.96(0.90~1.03)  0.254
SE30U407 Q3 3226/23 891 10.15 0.037 0.030 1.487 1.04(0.98~1.10)  0.223
S54IUSAL Q4 4964/23 875 16.16 0.147 0.029 25311 1.16(1.09~1.23) <0.001
WWI + 1 SD 0.067 0.009  53.773 1.07(1.05~1.09) <0.001
P for trend <<0.001

R VR IR AR IS GRS ) Rk 3 (35 PR 4 ) s A B 2FE B AL 10 ety B A IEBE K P CRELAE ) L R (BB ) . T (REE) . KEIL
NGRS ) o BERI3ZERBTAL 20 FERE LR EM PR R 8 ) L & MR GRS ) . Hah =R GE2E) . AU [ B (% 4%) . HDL-C(3% 4% ) MILDL-C
(HE5E) . WWDy {4 T 8 % JBE [ 05 %00 CVDy O I A8 8905 s HDL-C2h 5 %% 2 IR 4 11 I (&) B s LDL-Co {1 %5 Ji2 i A 1 I 361 B 5 SD2J b o 2% 5 P for
trend >y 4 A 56 PAA

Model 1 adjusted for age (continuous) and gender (male or female); Model 2 further adjusted for educational level (yes or no), alcohol consumption (yes or
no), smoking (yes or no), and family income (yes or no) based on Model 1; Model 3 adjusted for diabetes (yes or no), hypertension (yes or no), triglycerides
(continuous), total cholesterol (continuous), HDL-C (continuous), and LDL-C (continuous) based on Model 2. Abbreviations: WWI, weight-adjusted waist
circumference index; Q1, first quartile; Q2, sencond quartile; Q3, third quartile; Q4, fourth quartile; SD, standard deviation; CVD, cardiovascular disease; HDL-C,
high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
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R, L HAEKE BN, WWIH CVD 2 [1] 1) 52 B¢

: AP MK B BB | AR 0L AR
T4 4P Z U BT 050, RV FE3), B8

X 3K B E AR AT 52 (P <0.05) (E 1) 5

RS ASIUIIE WWI KRR E O LS SR MR B9 Cox L 1] XU AR Y

Table 5 Cox proportional hazards model for the impact of WWI levels on specific cardiovascular events in the cohort study

[HAR ERA A T E (T N R PR 3
Dependent Independent Density of incidence Model 1 Model 2 Model 3
variable variable "N (per thousand person-years)  HR (95%CI) PlE HR (95%CI) Pl HR (95%CI) P
A e WWIPL3ii 4 Group
Stroke F1PU4z Q1 1049/23 873 3.30 1.00 1.00 1.00
200407 Q2 1 404/23 860 446 114 (1.05~1.23) 0002 1.14(1.05~123) 0.002 1.10(1.02~120)  0.017
30043 Q3 1863/23 891 6.04 1.34 (1.24~1.45) <0.001 133 (1.23~1.44) <0.001 124 (1.14~134) <0.001
HAMAML Q4 2222/23 875 7.51 1.43 (1.33~1.55) <0.001 1.43 (1.32~1.54) <0.001 1.33(1.23~1.44) <0.001
WWI+1SD 1.09 (1.07~1.12)  0.012 1.09 (1.07~1.12) <0.001 1.08 (1.05~1.11)  <0.001
P for trend <0.001 <0.001 <0.001
IiHEEFE WWIPYii 4 Group
Cerebral BP0 Q1 894/23 873 2.80 1.00 1.00 <0.001 1.00
infarction $ODUAME Q2 1250/23 860 3.96 1.19 (1.09~1.30) <0.001 1.18 (1.08~1.29) <0.001 1.15(1.05~1.25)  0.002
F3UAML Q3 1 645/23 891 5.31 1.38 (1.27~1.50) <0.001 1.37 (1.26~1.49) <0.001 1.27 (1.17~1.38)  <0.001
AT Q4 1938/23 875 6.51 147 (1.35~1.59) <0.001 1.46(1.34~1.58) <0.001 1.35(1.25~147) <0.001
WWI + 1 8D 1.10 (1.07~1.13)  0.013 1.10(1.07~1.13) <0.001 1.09 (1.06~1.12)  <0.001
P for trend <0.001 <0.001 <0.001
i 14 1 WWIPH 5724 Group
Cerebral FE10U407 Q1 195/23 873 0.61 1.00 1.00 1.00
hemorrhage w55 py 4337 Q2 203/23 860 0.63 0.89(0.73~1.08)  0.238 0.90 (0.74~1.09)  0.283 0.88 (0.72~1.08) 0213
34 Q3 275/23 891 0.87 1.06 (0.88~1.28)  0.554 1.07(0.89~1.29) 0460 1.02(0.84~1.23)  0.859
H4MAL Q4 360/23 875 1.18 1.22(1.03~1.47)  0.035 1.22(1.01~1.47) 0.036 1.16 (0.96~1.40) 0.124
WWI + 1 SD 1.05(0.98~1.11)  0.166 1.04 (0.98~1.11) 0.188 1.03 (0.97~1.10)  0.360
P for trend 0.005 0.005 0.029
DUESE WWIPYSHi 4 Group
Myocardial 451U/ Q1 228/23 873 0.71 1.00 1.00 1.00
infarction 200437 Q2 403/23 860 1.26 1.48 (1.26~1.74) <0.001 149 (1.27~1.75) <0.001 1.43(1.22~1.69) <0.001
30043 Q3 535/23 891 1.70 1.71 (1.46~2.00) <0.001 1.72 (1.47~2.01) <0.001 1.57 (1.34~1.83)  <0.001
SEAVISH Q4 600/23 875 1.97 1.68 (1.43~1.97) <0.001 1.69 (1.44~1.98) <0.001 1.54 (1.31~1.81) <0.001
WWI + 1 SD 111 (1.07~1.16) <0.001 1.12(1.07~1.17) <0.001 1.10(1.05~1.15) <0.001
P for trend <0.001 <0.001 <0.001
ODAIEEE WWIDUSMi 4 Group
Heart failure 451 pusi; Q1 357/23 873 .11 1.00 1.00 1.00
2005 Q2 534/23 860 1.67 1.19 (1.04~1.36)  0.011 1.20(1.05~1.37) 0.009 1.16 (1.01~1.33)  0.030
3004 Q3 814/23 891 2.59 1.50 (1.32~1.67) <0.001 1.51(1.33~1.71) <0.001 1.39(1.23~1.58)  <0.001
54T Q4 1135/23 875 3.76 1.64 (1.45~1.86) <0.001 1.64(1.45~1.86) <0.001 1.51(133~171) <0.001
WWI +1SD 113 (1.09~1.17) <0.001 1.13(1.09~1.17) <0.001 1.12(1.08~1.16) <0.001
P for trend <0.001 <0.001 <0.001
LDFEEE WWIPUSHi2H Group
Atrial F1UAL Q1 197/23 873 0.61 1.00 1.00 1.00
fibrillation  #5>py/3fi; Q2 252/23 860 0.79 1.00 (0.83~121)  0.989 1.00(0.83~1.21) 0989 0.99 (0.82~120)  0.939
3 Q3 330/23 891 1.04 1.06 (0.89~1.27)  0.513 1.06(0.89~1.27) 0.508 1.04 (0.87~1.24)  0.687
AN Q4 381/23 875 125 0.94 (0.78~1.12)  0.480 0.94(0.79~1.13) 0519 0.92(0.77~1.11) 0389
WWI + 1 8D 0.94 (0.88~1.00)  0.049 0.94 (0.89~1.00)  0.057 0.94 (0.88~<1.00)  0.040

P for trend 0.512 0.558 0.406
FE RAL IR IR AR G 22 ) AN (I8 Pl o 1) s BEAU DAE AL 1 B Al B AC IE A AT CR IR ) L R Rl ) IR G A5 ) - KEWA G
W) o BRI 3EAR L 20 KAl b A IEE PR R ) L m MR GRS ) H il =l GELE) | BB [ R (£ 4%) . HDL-C(# 4% ) FMILDL-C(JE4%) .
WWIy A o i 8 1 P 48 4505 SDA At 225 P for trend g ¥4 3446 58 P ; HDL-C2My e % J3 Mg 2 (1 0 6 % ; LDL-COR IR %% B g 2 (I R e, S B 1 G 127 25
SR DL 10 265 T B bR B2

Model 1 adjusted for age (continuous) and gender (male or female); Model 2 adjusted for education level (yes or no), alcohol consumption (yes or no), smoking

(yes or no), and family income (yes or no) based on Model 1; Model 3 adjusted for diabetes (yes or no), hypertension (yes or no), triglycerides (continuous), total
cholesterol (continuous), HDL-C (continuous), and LDL-C (continuous) based on Model 2. Abbreviations: WWI, weight-adjusted waist circumference index; Q1, first
quartile; Q2, sencond quartile; Q3, third quartile; Q4, fourth quartile; SD, standard deviation, HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol. Full statistical results are provided in online Supplementary material 2.
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22.5  BAIIBEIEURAE I BT 0 HE SR A T T
2y FEMEZY | BRI 25 NREFIBEDT 2 4F N R A= 4 i
N HE IS, PRI H Cox L 1] AU RS 8] 5 A5 78 43 Ay

WWI Fl CVD K 4 RBET- Z | ) e Bk, 4550 5 F 4518
—F(F6MET,

4R
Subgroup
ik Age
<60% <60 years
=60% =60 years
5 Gender
Zt Female
B4 Male
#87k ¥ Educational level
#eh R LT Junior high school and below
=t %L _E High school level and above
BYA Monthly income
>8007T >800 Yuan
<8007t <800 Yuan
=IE Hypertension
7 No
£ Yes
#EFR¥% Diabetes
7 No
A Yes
RiE Drinking
7t No
£ Yes
% H8 Smoking
7 No
£ Yes

EHREH
nIN

6 343/74 955
4 446/20 544

1337/19 557
9 552/75 942

22 696/76 200
1363/19 299

9498/81 943
1399/13 556

3899/54 277
6 990/41 222

9 063/86 902
1 826/8 597

7 055/59 737
3 834/35 762

6 932/62 744
3 957/32 755

ZHP HR(95%CI)y? FRIRE
P for interaction Forest map

<0.001

1.11 (1.08 ~ 1.14) | —e—i

1.05 (1.01 ~ 1.08) | —e—
0.043

1.07 (1.02 ~ 1.13) ———
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<0.001

1.07 (1.05 ~ 1.09) e

1.16 (1.10 ~ 1.22) ——
<0.001

1.08 (1.06 ~ 1.10) —e—i

1.11 (1.05~ 1.18) e
<0.001

1.09 (1.06 ~ 1.13) e

1.07 (1.05 ~ 1.10) e
<0.001

1.10 (1.08 ~ 1.12) —e—i

1.14 (1.09 ~ 1.19) ————
<0.001

1.07 (1.05 ~ 1.10) —e—i

1.10 (1.06 ~ 1.13) ——
<0.001

1.09 (1.06 ~ 1.11) —e—

1.07(1.03 ~ 1.10) e

1.00 1.05 1.10 1.15 1.20 1.25

T BERUAG TE AR WS GE L) L M CB PR sli ) . BB KT CGRELT) AR G ) . W G ) L B (el ) | mlil R R w) . &
BEWC A CRECA) . Hm = B8 (ZE4E) . MIBTE B (354E) . HDL-C(ZE4E ) Fl LDL-CGAELE) . WWI Jg 44 5 I 4% % BBl 5 $10; LDL-C A {16 5% & 5 75 11 BH [
Jist; HDL-C > i % JE R 8 (IR R B, ° o WWI B84 Im 1 bR k24 19 HR(95%CI) .

The model adjusted for age (continuous), gender (male or female), education level (yes or no), alcohol consumption (yes or no), smoking (yes or no),

diabetes (yes or no), hypertension (yes or no), family income (yes or no), triglycerides (continuous), total cholesterol (continuous), HDL-C (continuous), and

LDL-C (continuous). Abbreviations: WWI, weight-adjusted waist circumference index; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density

lipoprotein cholesterol. * the HR (95%CI) for each 1 standard deviation increase in WWI.
1 BRBURIESE WWI KXo LI 5 0 1) Cox o 451 XU 62 8 (7. 2 7347 )

Figure 1 Cox proportional hazards model for the effect of WWI level on cardiovascular disease: a subgroup analysis of the cohort study
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%6 BAIIWFE WWIL KX CVD U520 (1 Cox L 451 RS A% 5 (BURR A 4387 )
Table 6 Cox proportional hazards model of the impact of different WWI levels on the risk of CVD in the cohort study (sensitivity analysis)

HUBAE ST FAs G - KR (T NAE) i 2 3
Sensitivity Independent n/NM Density of incidence Model 1 Model 2 Model 3
analysis variable (per thousand person-years)  pg (95%CT) PlE HR (95%CI) PlE HR (95%CT) Pl
1 WWIPL 372 Group
14 Q1 1500123 615 4.77 1.00 1.00 1.00
20437 Q2 2081/23 517 6.73 1.16 (1.09~1.24) <0.001 1.17(1.09~1.25) <0.001 1.13(1.06~1.21) <0.001
534 Q3 2788/23 470 9.25 137 (1.29~1.46) <0.001 1.37(1.29~1.46) <0.001 1.28(1.20~1.36) <<0.001
5437 Q4 3373/23 279 11.77 1.47 (1.38~1.56) <0.001 1.47 (1.38~1.56) <0.001 1.37 (1.28~1.46) <0.001
WWI + 1 SD 1.09 (1.07~1.11) <0.001 1.10(1.07~1.12) <0.001 1.08 (1.06~1.10) <<0.001
P for trend <0.001 <0.001 <0.001
2 WWIPY43i 4] Group
1AM QI 1 629/23 667 5.21 1.00 1.00 1.00
SE2DU5M Q2 2225/23 469 7.29 1.15 (1.08~1.22) <<0.001 1.15(1.08~1.22) <0.001 1.12(1.05~1.19) <0.001
3L Q3 2923/23 192 9.95 133 (1.25~1.42) <0.001 1.33(1.25~1.42) <0.001 1.25(1.17~1.33) <0.001
R4 A37 Q4 3604/23 113 12.91 1.43 (1.34~1.52) <0.001 1.43(1.35~1.52) <0.001 1.34(1.26~1.43) <0.001
WWI + 1 SD 1.08 (1.06~1.11) <0.001 1.09 (1.07~1.11) <<0.001 1.07 (1.05~1.09) <0.001
P for trend <0.001 <0.001 <0.001
3 WWI 34 Group
1AM Q1 1 472/22 609 4.92 1.00 1.00 1.00
20043 E Q2 1913/21 780 6.72 112 (1.05~1.20) 0284 1.13(1.06~121) 0403 1.10(1.03~1.18)  0.004
3004307 Q3 2389/20 867 8.95 127 (1.19~1.36)  0.587 1.28(1.20~1.36) 0.147 1.21(1.13~1.29) <0.001
SRANLAL Q4 3054/20 751 12.08 1.41 (1.33~1.51) <0.001 1.42(1.33~1.51) <0.001 1.34(1.25~1.43) <0.001
WWI + 1 SD 1.08 (1.06~1.10) <0.001 1.09 (1.06~1.11) <0.001 1.07 (1.05~1.09) <0.001
P for trend 0.005 0.005 <0.001
4 WWIPH 54 Group
14 Q1 1 653/23 787 5.27 1.00 1.00 1.00
20437 Q2 2280/23 702 741 1.16 (1.08~1.23) <0.001 1.16 (1.09~1.24) <0.001 1.12(1.05~1.20) <0.001
5347 Q3 3053/23 632 10.23 1.36 (1.28~1.44) <0.001 1.36 (1.28~1.44) <0.001 1.26 (1.19~1.34) <0.001
SRADUSL Q4 3 774123 665 13.25 1.45 (1.37~1.55) <0.001 1.46(1.37~1.55) <0.001 1.35(1.27~1.44) <0.001
WWI +1SD 1.09 (1.07~1.11) <0.001 1.10 (1.08~1.12) <0.001 1.08 (1.06~1.10) <0.001
P for trend <0.001 <0.001 <0.001

P« GRS BT LR B 17 245 P A 4 R0 5 SRR 3 2 R R R I P R 24 5 AR 3 T 3 HE AR R 0 R e S 245 R 23 BT 4 HE B R IR
FIBENRZY o LR IR IE AR (ESE) MM S0 (53 el A ik ) s BRI 27E BT 1 il 1A IE A KT (R ) L Il CR A ) L A (R ) . KEEMA
R ) o BIRI3ZERTRL MY LA LA IEME RO 28R ) . B R CR LA ) . Hl =R GE5:) . BN EE(£4L) . HDL-C(3%%5:) MILDL-C(£4%) . WWI
o P R R T L4 K0 CVDA O LA 96 9 5 SD AR 22 5 P for trend Ay i 3446 35 P ; HDL-Cy i % B Ji 2 1 IF 181 ; LDL-C My fIR %8 B2 IR 2 1 0L o st

Sensitivity analysis 1 excludes events occurring within the first 2 years of follow-up; Sensitivity analysis 2 excludes baseline use of hypoglycemic drugs; Sensitivity
analysis 3 excludes baseline use of antihypertensive drugs; Sensitivity analysis 4 excludes baseline use of lipid-lowering drugs. Model 1 adjusted for age (continuous)
and gender (male or female); Model 2 adjusted for education level (yes or no), alcohol consumption (yes or no), smoking (yes or no), and family income (yes or no)
based on Model 1; Model 3 adjusted for diabetes (yes or no), hypertension (yes or no), triglycerides (continuous), total cholesterol (continuous), HDL-C (continuous),
and LDL-C (continuous) based on Model 2. Abbreviations: WWI, weight-adjusted waist circumference index; Q1, first quartile; Q2, sencond quartile; Q3, third quartile;
Q4, fourth quartile; CVD, cardiovascular disease; SD, standard deviation; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
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Table 7 Cox proportional hazards model of the impact of WWI levels on the risk of all-cause mortality

in cohort studies (sensitivity analysis)

BT B - RIGHEE (VT NAE) ) A2 B3
Sensitivity HE A . NE Density of incidence Model 1 Model 2 Model 3
. Independent variable n/N " " "
analysis (per thousand person-years)  HR (95%CI) PlE HR (95%CI) PIH HR (95%CI) PfH
1 WWIPYii 4] Group
1AM Q1 1673/23 777 5.18 1.00 1.00 1.00
520043 Q2 2160/23 738 6.72 0.97 (0.91~1.03)  0.336 0.98(0.91~1.04) 0433 0.96(0.90~1.02) 0215
B304 Q3 3097/23 762 9.74 1.08 (1.01~1.14)  0.012 1.09 (1.03~1.16) 0.006 1.04(0.98~1.10)  0.165
SE4MU4L Q4 4792/23 703 15.61 1.21 (1.15~1.29) <0.001 1.22(1.15~129) <0.001 1.16 (1.09~1.23) <0.001
WWI+1SD 1.07 (1.05~1.09) <0.001 1.08 (1.06~1.10)  <<0.001 1.07 (1.05~1.09) <0.001
P for trend <0.001 <0.001 <0.001
2 WWI 54 Group
19407 Q1 1722/23 667 537 1.00 1.00 1.00
2045307 Q2 2 181/23 469 6.89 0.97 (0.91~1.03)  0.226 0.97 (0.90~1.03) 0.314 0.95(0.90~1.02)  0.192
B304 Q3 3038/23 192 9.82 1.07 (0.99~1.13)  0.072 1.07 (>1.00~1.13)  0.040 1.03(0.97~1.09) 0.284
SE4MUAME Q4 4687/23 113 15.72 120 (1.13~1.27) <0.001 1.20(1.13~127)  <0.001 1.15(1.09~1.22) <0.001
WWI+1SD 1.07 (1.06~1.09) <0.001 1.07 (1.05~1.08)  <0.001 1.07 (1.05~1.08) <0.001
P for trend <0.001 <0.001 <0.001
3 WWIPY 572 Group
SB1PU4ME QL 1575/22 609 5.14 1.00 1.00 1.00
204537 Q2 1934/21 780 6.57 0.96 (0.90~1.03)  0.333 0.97 (0.91~1.04) 0.404 0.96 (0.90~1.03)  0.284
FE30U507 Q3 2561/20 867 9.18 1.04 (0.97~1.11)  0.206 1.05(0.98~1.12) 0.147 1.01(0.95~1.08) 0.587
SB4ANUSH Q4 4035/20 751 15.03 1.18 (1.11~1.26) <0.001 1.19(1.12~126) <0.001 1.15 (1.08~1.22) <<0.001
WWI +1SD 1.07 (1.05~1.09) <0.001 1.07 (1.05~1.09)  <<0.001 1.06 (1.04~1.08) <<0.001
P for trend <0.001 <0.001 <0.001
4 WWIPL 533 2H Group
SE1DU4ME Q1 1755/23 787 5.45 1.00 1.00 1.00
52004 Q2 2262/23 702 7.08 0.97 (0.91~1.03)  0.414 0.98 (0.92~1.04) 0.524 0.96(0.90~1.02)  0.291
5304437 Q3 3 188/23 632 10.14 1.07 (1.01~1.14)  0.016 1.08 (1.02~1.15) 0.008 1.04(0.98~1.10) 0.184
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WWI +1SD 1.07 (1.05~1.09) <0.001 1.08(1.06~1.09)  <0.001 1.06 (1.04~1.08) <<0.001
P for trend <0.001 <0.001 <<0.001
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Sensitivity analysis 1 excludes events occurring within the first 2 years of follow-up; Sensitivity analysis 2 excludes baseline use of hypoglycemic drugs; Sensitivity
analysis 3 excludes baseline use of antihypertensive drugs; Sensitivity analysis 4 excludes baseline use of lipid-lowering drugs. Model 1 adjusted for age (continuous)
and gender (male or female); Model 2 adjusted for education level (yes or no), alcohol consumption (yes or no), smoking (yes or no), and family income (yes or no)
based on Model 1; Model 3 adjusted for diabetes (yes or no), hypertension (yes or no), triglycerides (continuous), total cholesterol (continuous), HDL-C (continuous),
and LDL-C (continuous) based on Model 2. Abbreviations: WWI, weight-adjusted waist circumference index; Q1, first quartile; Q2, sencond quartile; Q3, third quartile;

Q4, fourth quartile; SD, standard deviation; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
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The Q-P value is the P value of Cochran's Q test.
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Figure 2 Meta-analysis results of Mendelian randomization
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