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A prospective cohort study on the relationship between metabolic syndrome and its
components and the incidence of stroke
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[Abstract] Objective: To investigate the association between metabolic syndrome (MS) and its components with the risk of stroke
incidence. Methods: A prospective cohort study was conducted to compare the differences in demographic information, behavioral
lifestyle, dietary habits, medical history, and MS -related indicators between people with and without stroke. The Cox proportional
hazards regression analysis model was used to analyze the association between MS components, their interactions, and the incidence of
stroke. Results: Stroke patients had higher age, waist circumference (WC) , body mass index (BMD) , blood pressure (BP) , total
cholesterol (TC) , triglycerides (TG) , and fasting plasma glucose (FPG) compared to non - stroke patients. After adjusting for
confounding factors, MS, WC, TG, BP, and FPG were all associated with an increased risk of stroke, with abnormal BP showing the
strongest association with stroke incidence. There were no multiplicative interaction or additive interactions between WC, TG, BP, and
FPG. Conclusion: MS is associated with an increased risk of stroke incidence. WC, TG, BP, and FPG independently contribute to
stroke risk, with abnormal BP exerting the greatest impact on stroke incidence.
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BRI o AFE R AR A% Y , ™ B B
R . AR 2% & 1iE (metabolic syndrome, MS)
J& — DL PR IR JRE L H I =18 Criglycerides, TG)
Tt 157« B SR 99 < 1L (blood pressure, BP) i Al 5 %%
J5 R 11 BE[E B2 Chigh-density lipoprotein cholesterol ,
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ST MS 5 A % R A 2, (H 2 MS 473
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1.1 %

AW T T 2004 4F 6 H—2005 49 A, X H Z
BOREREAAE 7055, A2 H P T ok X R i 6 4> 2 41
23 AMMTIEM B R 2 4, ST T 20 803 AN MIBAAY . 4y
51F 2008—2009 4 . 2012—2013 £, 2018—2019 4E
SERL 3 IRBE VI o SR V- 45 M Ak ) 45 335 47 T X T
R, WCEESE 2 Hhcdin . BE U5 ISR R AR [ F6) i) 25 32 47 T
XTIV R HF HEAT AR A 2 AT I AR R B . N
B : (DI 25 1 25 I F 06 S AE 4 s 6 A H &
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PR s OBEAE B — 2 S DL b B 7 HLA 2 W i i 2%
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FHRAZWIARAELT T o MS: AR [ b b FR s Bk
(the international diabetes federation, IDF) V. il A £f
&2 bR et B AR L 55 MR Bl (waist circum-
ference, WC)=90 cm, &M WC=80 cm]& I FHME=
P A B0 AL E SO MS: (DTG T [TG=1.7 mmol/L,
(150 mg/dL) 1B & # 5Z # 23R 97 s @QHDL-C FE A
[ 5 #:<1.03 mmol/L (40 mg/dL) , % 14:<1.29 mmol/L
(50 mg/dL) 188 432 AH RN VR T s GBP Fh imy « W 4 e
(systolic blood pressure, SBP) =130 mmHg B¢ 7 7K [+
(diastolic blood pressure, DBP)=85 mmHg 8% [\ 252
FH LR TT B 2892 Wrid v Ik s @75 i IR (fast-
ing plasma glucose, FPG) Ft & : FPG= 5.6 mmol/L
(100 mg/dL) B 4 32 A0 VR 7 BB 22 4812 W id
PRI o o 2 e ¥ e — 2 Je LA b BRI LG 2 T i
A i 26 vh HAE N T8 M I 28 S B R g
A W2 AR BE RS 2 T CREZBEAE 5% 12
W A HH ) 5 i 27 v 258 A 455 gk I 5T i i i
IS REAE B R 73 SN A, [ B o 70 256 10 1k
& 1T A& (international classification of diseases, tenth
revision, [CD-10) 4w i A 160-164 . W MK : K 2 /0
1S, FESE 4 UL b, 3 BIFETE R . iR
T = - 354 A A CE g S RS | 20 L B L SR =
3, HAGHI A 6 N H o 0% ~F A TCR=
3d, H¥FE:6 N H K& LL Fo FEEWON : FELG VA 4%
FIL A ATEAE— R ITA NFIBUS IS, KR
FWCA T3 79 3 G ARYSA (1000 78 BA ) HRAEH
A (1000~2 999 78) A (3 000 78 S BA LD o 47
T B 5RJE  [E BR AR 735 3 7] 4 (international physical
activity questionnaire, IPAQ) Y44 7135 5 43 i H
IR 3 AR TSR NI TR 3K
() 22 SO Z IR T3 S0 BE A A 24 & (metablic
equivalent, MET) x4 J& 45128 (d/w) x5 R I 8] (min/dD -
For vy o A 2 R OA 2 SR AR AE P ARAT 1 2% D%
Kk AR NG G =3 d, HAEE S AR 5 3)
7KF=1 500 MET-min/w, @3 F5 B IA T 136l & 1=
7 d, HAER S48 773 517K F=3 000 MET-min/w.
S5 P ZH 2 N IR 3 AR A v AR AT 1 5% (D 2
KA 20 min (8K R EAK TGS, iF=3 d,
(il /2 4 K 27D 30 min ) - 2 o 45 58 BE R/ 47
FigE, Gib=5d, @3 ok L AR 18 & it =
5 d, HAEM AR T35 37K 12600 MET-min/w. {I%
5 AL L R IR 2 SR bR E AR A 1 2% DA
EARTES), @QiRE T — 2353, B2 M AW e ik

VR EARUEN . R E BIESRE DR R BRI
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5] JRISSE ] YA A5 28 43 B MIS 2H 43 [8] £ 79 13 A 3fe A A
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(relative excess risk of interaction, RERD) . V9 [A] Lt
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2.1 A &AFIE

AW TN AT R 16 93241, Horp 537 085 451
(41.8%) , 1£ 9 847 15 (58.2%) , F-#% (53.1+11.8) %,
Hh 7 B U B R OA 13 45, BT RT R AR B 1 563
1], KI5 N 710710 5N CH o 764/10 71N,
759 689/10 5 N, RAUKIEN9.23%(55799.65%
1M 8.93%) , WU R I N 8.19% (55 °h 8.44%, LKy
8.05%) o i 2 v A Jps N FHE 19 4 % . WC. BMI, SBP,
DBP.TC.TG-FPG /K V@ T R KW AN, ZHA
Gt E (P <0.05). WAt REAN#ES ALK
995 N BRI HR M SCARFE FE B K SR & AR | 2
A3 R L ek 0o 9 B PR i A T SRR B2 AR )
AR R RIGME S M ER B AR R
X(P<0.05 £,

F1 EEMRMRAOFEREFE

Table 1 Basic demographic characteristics of baseline study subjects

Stroke
Variable No(n=15 369) Yes(n=1563) Total (n=16 932) P

Sex[n(%)] 0.107

Male 6401(41.6) 684(43.8) 7085(41.8)

Female 8968(58.4) 879(56.2) 9 847(58.2)
Age(years,x £ ) 524 +11.7 60.3 +10.1 53.1+11.8 <0.001
Farmer[n(%) ] <0.001

Yes 8 706(56.6) 1014(64.9) 9720(57.4)

No 6 663(43.4) 549(35.1) 7212(42.6)
Education[n(%) ] <0.001

No education 1902(12.4) 342(21.9) 2244(13.3)




544 5559 1

FLIRFS, s %, Wi, 45 ARBHER SR S AL 5 A b R0 58 R I RTRE PR BA AU 7E L) 1.

20244F9 SRR AR CH AR RLERRO 2024, 44(9) : 1238-1245 *1241-
(FERD
Stroke
Variable No(n=15 369) Yes(n=1563) Total (n=16 932) P
Primary school 5349(34.8) 686(43.9) 6 035(35.6)
Middle school 6 643(43.2) 448(28.7) 7091(41.9)
High school 139509.1) 83(5.3) 1478(8.71
College and above 80(0.5) 4(0.3) 84(0.5)
Income[n(%) ] 0.154
Low 2029(13.2) 238(15.2) 2267(13.4)
Moderate 12 798(83.3) 1272(81.4) 14 070(83.1)
High 510(3.3) 49(3.D 559(3.3)
Unknown 32(0.2) 4(0.3) 36(0.2)
Smoking[n(%) ] 0.233
No 10 667(69.4) 1 062(67.9) 11729(69.3)
Yes 4702(30.6) 501(32.1) 5203(30.7)
Alcohol drinking[n(%) ] 0.532
No 9221(60.0) 950(60.8) 10 171(60.0)
Yes 6 148(40.0) 613(39.2) 6761(40.0)
Tea drinking[n(%) ] 0.161
No 11018(71.7) 1128(72.2) 12 146(71.7)
Yes 4351(28.3) 435(27.8) 4786(28.3)
Frequency of fresh fruit consumption[n(%) ] <0.001
Never 1362(8.9) 195(12.5) 1557(9.2)
Seldom 7 927(51.6) 863(55.2) 8790(51.9)
Often 5422(35.3) 472(30.2) 5894(34.8)
Every day 658(4.3) 33(2.1D 691(4.1)
Disease history[n(%) ]
Hypertension 2 778(18.1) 605(38.1) 3383(20.0) <0.001
Coronary heart disease 631(4.1) 131(8.4) 762(4.5) <0.001
Diabetes 321(2.1) 73(4.7) 394(2.3) <0.001
Cancer 152(1.0) 14(0.9) 166(1.0) 0.397
Family history of stroke[ n(%) ] 2125(13.8) 269(17.2) 2394(14.1) 0.001
Physical activity intensity[ n(%) ] <0.001
Low 6361(41.4) 761(48.7) 7 112(42.1)
Moderate 7249(47.2) 651(41.7) 7900(46.7)
High 1615(10.5) 137(8.8) 1752(10.3)
Unknown 144(0.9) 14€0.9) 158(0.9)
Frequency of physical exercise[ n(%) ] <0.001
Never 13 827(90.0) 1356(86.8) 15 183(89.7)
Seldom 587(3.8) 70(4.5) 657(3.9)
Often 336(2.2) 42(2.7) 378(2.2)
Every day 619(4.0) 95(6.1) 714(4.2)
WC(em,x +5) 79.8 £9.7 83.0 £ 10.0 80.1£9.8 <0.001
BMI(kg/m*, x £ s) 23.4+39 24.0+3.5 23.4+39 <0.001
SBP(mmHg, % £ s) 124.4 +19.7 1372 +£22.6 125.6 £20.3 <0.001
DBP(mmHg, x +5) 79.6 £ 10.5 84.1+11.9 80.0 + 10.7 <0.001
TC(mmol/L,x + 5) 44+ 1.1 4.6=+1.1 44 +1.1 <0.001
TG(mmol/L,x +s) 1.5+13 1.6+1.3 1.5+13 <0.001
HDL-C(mmol/L, % + s) 1.5+0.5 1.5+£0.5 1.5+0.5 0.510
FPG(mmol/L,x £ ) 53+1.6 5.6+2.0 53+1.6 <0.001
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COX L5 UG [ Y AR 2R S O, FEAS 1E AH DG VR 44
A % J& » MS (aHR=1.345, 95%CI: 1.198~1.510) . WC
(aHR=1.275,95%Cl: 1.144~1.421) .TG(aHR=1.187,
95%CI: 1.062~1.328) .BP(aHR=2.003,95%CI: 1.784~
2.248) .FPG (aHR=1.307, 95%CI: 1.172~1.459) 7K V-
KI5 WA O AR A G, ZRBA SR X
(P <0.05), H BP/K>GF5 i 4 Hh (U BK SR B o T
WS AL IEIR 2 K 25, HDL-C 7K F 5 % 26 b & 97 )
KR ZRB TG 7R L P >0.05,%2).

2.3 MS45 Al 6y 48 Fe T AR R 447

2 578 WC. TG BP Fll FPG 7K T 42 fivi 26 1 % I
(AR T S R DR 2, 78 eI it —25 04 WC. TG BP
FFPG [8] P 5 AH e A8 FLAE A2 75 5 o 26 HH 1) 0 IR
k. 4R ER, EHREKERE, WC. TG BP,
FPG W Z [FIAEZ AHSRAZ HAEH (P> 0.05, £ 3).
2.4 MS 44 18] 69 AR Ao 5 EAE B AT

BB F SN MS 2 TR A InAZ BAE A 3 4
FEFR(RERL.AP ATS), £E COX B TR AL A, 25 thil kH 5
BRI FR G, 13 WS ETHE X 7 2R,

R2 MSREBSNSINEE P RFXFA COX LLEIRBLEE ST

Table 2 COX proportional hazard model analysis of the relationship between MS and its components and the incidence of

stroke

Variable HR(95%CD P aHR(95%CI) P

MS 1.821(1.632-2.032) <0.001 1.345(1.198-1.510) <0.001
WC 1.634(1.480-1.805) <0.001 1.275(1.144-1.421) <0.001
TG 1.293(1.160-1.441) <0.001 1.187(1.062-1.328) 0.003
HDL-C 0.924(0.818-1.045) 0.208 1.015€0.896-1.150) 0.815
BP 3.150(2.827-3.511) <0.001 2.003(1.784-2.248) <0.001
FPG 1.561(1.402-1.738) <0.001 1.307(1.172-1.459) <0.001

aHR was adjusted for age, occupation, education level, frequency of fresh fruit consumption, history of hypertension, history of coronary heart dis-

ease, history of diabetes, family history of stroke, intensity of physical activity, frequency of physical exercise, BMI, and TC.

®3 MSHESEMERZI BRI

Table 3 Multiplicative interaction analysis between MS components

Variable HR(95%CD P aHR(95%CD P
WC 1.595(1.412-1.801) <0.001 1.268(1.113-1.444) <0.001
TG 1.141(0.957-1.362) 0.142 1.173(0.980-1.404) 0.082
WCXTG 0.983(0.782-1.235) 0.880 0.931(0.740-1.172) 0.542
WC 1.476(1.218-1.788) <0.001 1.267(1.037-1.548) 0.020
BP 3.238(2.811-3.730) <0.001 2.065(1.782-2.393) <0.001
WCxBP 0.803(0.641-1.007) 0.058 0.875(0.697-1.098) 0.248
WC 1.606(1.424-1.813) <0.001 1.269(1.115-1.444) <0.001
FPG 1.540(1.310-1.811) <0.001 1.333(1.132-1.570) 0.001
WCXFPG 0.867(0.697-1.080) 0.203 0.908(0.728-1.132) 0.390
TG 1.280(1.031-1.590> 0.025 1.213(0.975-1.509) 0.082
BP 3.321(2.927-3.767) <0.001 2.050(1.795-2.342) <0.001
TGXBP 0.777(0.605-0.998) 0.049 0.876(0.681-1.126) 0.302
TG 1.144(0.990-1.321) 0.068 1.069(0.924-1.238) 0.369
FPG 1.464(1.270-1.686) <0.001 1.210(1.048-1.396) 0.009
TGXFPG 1.068(0.849-1.344) 0.574 1.151€0.914-1.450) 0.232
BP 3.159(2.783-3.586) <0.001 1.971(1.724-2.252) <0.001
FPG 1.468(1.184-1.819) <0.001 1.239(0.998-1.538) 0.052
BPxFPG 0.865(0.675-1.109) 0.253 0.997(0.776-1.280) 0.981

aHR was adjusted for age, occupation, education level, frequency of fresh fruit consumption, history of hypertension, history of coronary heart dis-

ease, history of diabetes, family history of stroke, intensity of physical activity, frequency of physical exercise, BMI, and TC.
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Anderson 52 il AR INAZ BAE 52, 15 1 RERI. IR T, B 24 M JE RO 2R R R N B AR
AP 1 SIX 3 N VEA 8 b 1 S A8 THE & 3 95%Cl, K& 710/10 Ji N\, & T X HEELY Dong 25 J& Y
B WC.TGBP.FPG W 4 2 [8] ) A A AE AR In 22 B AR P55 HT BE PE R 9T (China Kadoorie Biobank, CKB) %5

HE&E D,
3 3 i

B R BE I R] 43 5N 10.6 A1 7.0 4,
SR N (51.5+10.5) % F1(51.0+10.5) % , KT
AW 5T S 2 B 17 I TE] 13.0 4F A1 3 4 R (531

AHIEFE A P 7 ik XCRAT & B RN 11.8) %, W RS 3 BUASHI F I 2% o R 2 85 v 1) i

F4 MSASEMEMZ BRI
Table 4 Additive interaction analysis between MS components

Variable 1 Variable 2 Stroke[n(%) ] HR(95%CD P aHR(95%CID) P
WC TG

- - 663(7.4) 1.000 1.000

+ - 426(11.5) 1.595(1.412-1.801) <0.001 1.268(1.113-1.444) <0.001
- + 151(8.6) 1.141(0.957-1.362) 0.142 1.173(0.980-1.404) 0.082
+ + 318(13.00 1.789(1.565-2.044) <0.001 1.384(1.199-1.597) <0.001
WC BP

- - 309(4.5) 1.000 1.000

+ - 157¢6.7) 1.476(1.218-1.788) <0.001 1.269(1.039-1.550) 0.020
- + 510(12.9) 3.238(2.811-3.730) <0.001 2.083(1.798-2.413) <0.001
+ + 587(15.5) 3.839(3.345-4.406) <0.001 2.305(1.972-2.694) <0.001
wC FPG

- - 627(7.0) 1.000 1.000

+ - 455(11.2) 1.606(1.424-1.813) <0.001 1.271(1.117-1.446) <0.001
- + 192(10.4) 1.540(1.310-1.811) <0.001 1.337(1.135-1.575) 0.001
+ + 289(14.00 2.147(1.867-2.468) <0.001 1.540(1.327-1.786) <0.001
TG BP

- - 360(4.8) 1.000 1.000

+ - 106(6.2) 1.280(1.031-1.590) 0.025 1.213€0.975-1.509) 0.082
- + 734(14.00 3.321(2.927-3.767) <0.001 2.050(1.795-2.342) <0.001
+ + 363(14.5) 3.304(2.856-3.823) <0.001 2.179(1.866-2.543) <0.001
TG FPG

- - 846(8.1) 1.000 1.000

+ - 236(9.4) 1.144(0.990-1.321) 0.068 1.069(0.924-1.238) 0.369
- + 248(11.1) 1.464(1.270-1.686) <0.001 1.210(1.048-1.396) 0.009
+ + 233(13.8) 1.788(1.546-2.067) <0.001 1.489(1.282-1.730) <0.001
BP FPG

- - 357(4.7) 1.000 1.000

+ - 725(13.3) 3.159(2.783-3.586) <0.001 1.987(1.739-2.271) <0.001
- + 109(6.8) 1.468(1.184-1.819) <0.001 1.243(1.001-1.543) 0.049
+ + 372(16.1) 4.011(3.469-4.638) <0.001 2.453(2.104-2.860) <0.001

Variable 1 Variable 2 RERI(95%CID AP(95%CI) S(95%CID
WC abnormal Increased TG -0.057(-1.278-1.164) -0.041(-1.076-0.993) 0.871(0.011-68.221)
WC abnormal Increased BP -0.043(-3.015-2.928) -0.019(-1.382-1.344) 0.967(0.086-10.949)
WC abnormal Increased FPG -0.067(-1.534-1.401) -0.044(-1.154-1.067) 0.889(0.026-30.162)
Increased TG Increased BP -0.084(-2.461-2.293) -0.039(-1.258-1.180) 0.934(0.095-9.160)
Increased TG Increased FPG 0.181(-1.921-2.282) 0.101(-0.769-0.971) 1.298(0.455-3.701)
Increased BP Increased FPG 0.224(-3.219-3.668) 0.092(-1.071-1.256) 1.186(0.166-8.492)
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