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Abstract: Objective This study investigates potential relationships between distinct physical activity patterns and metabolic
syndrome (MS) to provide evidence for exercise—based prevention and control of MS. Methods Utilising data from 15 338 US
adults in NHANES 2011—2020, participants were stratified into physical activity patterns. Metabolic syndrome (MS) was
diagnosed via NCEP—ATP III criteria. Multivariable logistic regression evaluated associations between activity patterns and
MS risk. Restricted cubic splines (RCS) were used to model dose-response relationships, and subgroup analyses were
conducted. Results Compared with inactive individuals, both weekend warriors (aOR =0.856, 95% CI: 0.736-0.995) and
regular exercisers (aOR=0.758, 95% CI: 0.690-0.833) exhibited significant inverse associations with MS risk. RCS analysis
(P <0.001). Subgroup
analyses revealed enhanced protective effects for weekend warriors among adults aged >60 years («OR =0.679, 95% CI-
0.518-0.887) and males (aOR=0.792, 95% CI: 0.639-0.979). In the regular exercise group, increases in activity duration,

intensity, and frequency were significantly associated with lower MS risk. Conclusion This study demonstrates that both

demonstrated a progressive reduction in MS risk with increasing total physical activity duration

regular exercise and weekend warrior physical activity patterns correlate with reduced metabolic syndrome risk, highlighting
the importance of physical activity in comprehensive MS prevention and intervention strategies.
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Figure 1 Flow chart of participant screening
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Table 1 General characteristics of the study subject (n(%),(xxs)]

MS

FHE BEUN ¢ F = iy {i PAH
UNEE 2% N R 15 335(100) 10 314(67.3) 5021(32.7) — —
() 1041.858  <0.001
20 ~ 39 5051(34.9) 421542.2) 836(18.4)
40 ~59 5 064(36.7) 3290(35.5) 1774(39.6)
=60 5220(28.4) 2.809(22.4) 2411(42.0)
P51 28281  <0.001
Lk 8 154(53.6) 5330(53.4) 2 824(54.2)
Bk 7 181(46.4) 4 984(46.6) 2197(45.8)
it 106371  <0.001
I E A 6092(68.7) 3 959(67.8) 2 133(70.7)
AEPEHET R 3 566(10.4) 2513(11.0) 1053(8.9)
B EFE SR ELA 1 808(7.2) 1081(6.7) 727(8.3)
HAb A 3 869(13.7) 2761(14.5) 1 108(12.0)
HERE 303.593  <0.001
INF 9 AL 965(3.1) 507(2.5) 458(4.5)
9 ~ 11 4R (4% 12 AERAB A ) 1526(6.9) 940(6.2) 586(8.4)
e R A ()2 3 168(20.5) 1989(18.0) 1179(25.9)
Py ) 4 696(37.6) 3561(42.1) 1135(27.4)
AR E R B 4980(31.9) 3317(31.1) 1 663(33.8)
TIRICA L 74245  <0.001
AR 5353(47.8) 3 839(49.7) 1514(43.5)
TR AR 9982(52.2) 6 475(50.3) 3507(56.5)
WS HAAR TR 346.653  <0.001
TS / SR 8 998(63.6) 5 958(62.6) 3 040(65.8)
A/ BUE 3 350(18.0) 1961(15.7) 1389(23.2)
KA 2987(18.4) 2395(21.7) 592(11.0)
W2 AR 75 136.976  <0.001
2 A 3700(25.8) 2207(22.9) 1493(32.3)
ETEM A 2 543(14.9) 1710(14.9) 833(14.9)
A S 9092(59.3) 6397(62.2) 2 695(52.8)
ARIARAL 190912 <0.001
el 1 598(9.0) 854(7.0) 744(13.3)
Ef R 11 676(81.0) 8 159(83.6) 3517(75.2)
AR 2061(10.0) 1301(9.4) 760(11.5)
AL TE] (min/d) 399.42 +2.90 392.06 + 3.98 416.03 £ 3.80 11.057°  <0.001
R ] (h) 23328  <0.001
<7 5359(30.9) 3521(30.2) 1838(32.3)
7~9 9703(67.4) 6 636(68.3) 3 067(65.4)
>9 273(1.7) 157(1.5) 116(2.3)
P A (keal) 60433  <0.001
Q1 (<1474.5) 3942(22.9) 2 493(22.6) 1 449(23.5)
Q2 (1 474.5 ~ 1 905.5) 3927(25.2) 2 608(24.8) 1319(26.1)
Q3 (1 905.5 ~ 2 455) 3 820(26.2) 2 610(26.5) 1210(25.5)
04 (>2455) 3 646(25.7) 2 603(26.1) 1043(24.8)
e Il 2066.577  <0.001
5 8 972(63.2) 7 336(76.1) 1 636(34.3)
= 6363(36.8) 2978(23.9) 3385(65.7)
IR 422788  <0.001
4 13 726(91.5) 9 598(94.6) 4128(84.3)
2 1609(8.5) 716(5.4) 893(15.7)
Wb 2549318  <0.001
5 13 015(88.6) 9 805(96.8) 3210(70.0)
i 2320(11.4) 509(3.2) 1 811(30.0)
A Jie 2047571  <0.001
4 9211(60.8) 7 483(73.7) 1728(31.7)
b= 6 124(39.2) 2 831(26.3) 3293(68.3)
PAAAEA (4F) 39.963  <0.001
2011—2012 3150(21.7) 2167(21.8) 983(21.3)
2013—2014 3363(22.1) 2236(22.0) 1127(22.5)
2015—2016 2956(20.8) 1872(19.7) 1084(23.2)
2017—2018 2254(17.7) 1502(17.9) 752(17.3)
2019—2020 3612(17.7) 2537(18.6) 1075(15.7)
BATE S G M 438589  <0.001
ANITERAH 5323(28.1) 3079(23.4) 2244(38.8)
TEEA R H 2291(15.1) 1455(13.8) 836(18.2)
JAR A2 1350(10.2) 969(10.7) 381(9.1)
Az g4l 6371(46.5) 4811(52.1) 1 560(33.9)
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Table 2 Relationship between physical activity patterns and metabolic syndrome in adults aged =20 years

T R 1 R 2 B 3
OR(95%CI) PAH aOR(95%ClI) P aOR(95%ClI) PAE
DIANTR IR S
YSLFINE ref ref ref
TEAR 24 0.788(0.713 ~ 0.872) <0.001 0.836(0.753 ~ 0.928) <0.001 0.919(0.819 ~ 1.032) 0.160
JARG A2 0.539(0.473 ~ 0.614) <0.001 0.720(0.627 ~ 0.825) <0.001 0.856(0.736 ~ 0.995) 0.044
P S eeD) E2i) 0.445(0.411 ~ 0.481) <0.001 0.558(0.514 ~ 0.606) <0.001 0.758(0.690 ~ 0.833) <0.001
P for trend <0.001 <0.001 <0.001
VHEZ 8 S
ALz sh ref ref ref
JAAR A2 1.213(1.062 ~ 1.382) 0.004 1.291(1.125 ~ 1.478) <0.001 1.129(0.973 ~ 1.308) 0.110
TEEA R4 1.772(1.599 ~ 1.963) <0.001 1.498(1.346 ~ 1.665) <0.001 1.212(1.078 ~ 1.362) <0.001
AR EREH 2.248(2.077 ~ 2.432) <0.001 1.792(1.650 ~ 1.947) <0.001 1.319(1.200 ~ 1.449) <0.001
P for trend <0.001 <0.001 <0.001

E AR 1 2 H R AR R PR AT AT A ik s A 2 HEAT AR W SRR A e
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2.3 RRSFB P GREHEIIT MS 690 R
FENHELL 20 2 Ry Rl o, 0474 5B I 2 20 Xk
T 60 2 VI EARE, R4S MS BR800
FA A R (aOR=0.679,95%CI:0.518 ~ 0.887) , IMi 1F

sBURL 3 BEAT 1ARHS WD RS R L AR UAROL B

¢;a0R FRVHHE S B LLIELLE .

PERIEA T AL 0B 5 3« AHAS T ANIZ Bk e = 32 8
PN, BIEEZ AL BT AT TR I MS FRU 583
AR ARFE R B dd b, R B MR b i F R ik
+45 MS B 2T AH K (aOR=0.792,95%CI:

HoABAF S B AR S 2 rh R R M BX — B R .

3% 3,
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Table 3 Relationships between physical activity patterns and metabolic syndrome by age group [ @OR(95% CI) ]

oMk I R LR B Gt 2R O Bk

(aOR=0.968,95%CI:0.773 ~ 1.208) ., W3 4.

P BT S
ARG ERA THEA R P JAAR A4 PAd Mtz shdl PAd
20 ~ 39 % AHf
T 1 ref 0.945(0.742 ~ 1.201) 0.648 0.726(0.562 ~ 0.931) 0.013 0.521(0.436 ~ 0.622) <0.001
R 2 ref 0.937(0.732 ~ 1.193) 0.598 0.765(0.589 ~ 0.989) 0.043 0.535(0.446 ~ 0.642) <0.001
9T 3 ref 0.893(0.671 ~ 1.185) 0.436 0.833(0.619 ~ 1.116) 0.224 0.677(0.547 ~ 0.838) <0.001
40 ~ 59 % \Hf
R 1 ref 0.853(0.719 ~ 1.011) 0.068 0.799(0.643 ~ 0.992) 0.043 0.593(0.518 ~ 0.679) <0.001
T 2 ref 0.874(0.735 ~ 1.037) 0.124 0.801(0.642 ~ 0.997) 0.048 0.596(0.519 ~ 0.683) <0.001
i 3 1.050(0.867 ~ 1.272) 0.616 1.055(0.828 ~ 1.342) 0.661 0.847(0.725 ~ 0.989) 0.036
60 % L1 AR ref
FIT 1 ref 0.763(0.653 ~0.890)  <0.001 0.587(0.459 ~ 0.748)  <<0.001 0.536(0.472 ~ 0.610) <0.001
T 2 ref 0.769(0.658 ~ 0.898)  <0.001 0.600(0.469 ~ 0.766)  <0.001 0.543(0.477 ~ 0.618) <0.001
R 3 ref 0.828(0.698 ~ 0.982) 0.030 0.679(0.518 ~ 0.887) 0.005 0.735(0.635 ~ 0.850) <0.001
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Table 4 Relationships between physical activity patterns and metabolic syndrome by sex

FAT BELH aOR(95%CI) P{H ML aOR(95%CI) Pia
HEEAY 1
ATEERAL ref ref
TSN 2 0.897(0.767 ~ 1.048) 0.170 0.720(0.630 ~ 0.822) <0.001
JAR A2 0.507(0.424 ~ 0.605) <0.001 0.622(0.510 ~ 0.757) <0.001
Mtz shA 0.435(0.386 ~ 0.490) <0.001 0.465(0.418 ~ 0.517) <0.001
L 2
ATEERA ref ref
TEEA R4 0.952(0.809 ~ 1.119) 0.554 0.759(0.662 ~ 0.871) <0.001
JAAR G20 0.677(0.560 ~ 0.817) <0.001 0.790(0.643 ~ 0.968) 0.024
HHEZE shl 0.560(0.493 ~ 0.634) <0.001 0.564(0.505 ~ 0.631) <0.001
A 3
AR ref ref
TSN 2 0.997(0.829 ~ 1.199) 0.976 0.877(0.754 ~ 1.019) 0.087
JAAR A 0.792(0.639 ~ 0.979) 0.032 0.968(0.773 ~ 1.208) 0.773
Mtz sh 0.711(0.615 ~ 0.823) <0.001 0.812(0.717 ~ 0.921) <0.001
BT T IR B I8 T AR AR R E AT SR L AR A E] A R W AR 2 A T AL
P % <0.001
P 21 <0.001

25 TR FRFHEX P oFK RE IRFES MS 49
o B 2 ERL IR MS B XU BE B AT B R
BRI 52 R A (P 1 <0.001 5 P 444 < 0.001 ) 5
b3 T A K LS Bl B AR S R SR
K5 MS (R Hras R0 A b BF0Ks A
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Figure 2 RCS of total physical activity duration and metabolic

syndrome risk
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Table 5 Effects of duration, intensity, and frequency of different physical activity patterns on metabolic syndrome

B 1 S R 3
FAE
OR(95%CI) P aOR(95%CI) PH aOR(95%CI) P
E G B (min/d)
JAARNE A4
Q1 ref ref ref
Q2 0.673(0.447 ~ 1.022) 0.060 0.767(0.500 ~ 1.186) 0.227 0.738(0.455 ~ 1.204) 0.220
Q3 0.817(0.532 ~ 1.264) 0.360 0.960(0.613 ~ 1.516) 0.860 0.853(0.512 ~ 1.430) 0.544
Q4 0.670(0.441 ~ 1.026) 0.063 0.812(0.521 ~ 1.274) 0.360 0.749(0.449 ~ 1.257) 0.271
Mz shd
Q1 ref ref ref
Q2 0.678(0.553 ~ 0.833) <0.001 0.734(0.594 ~ 0.909) 0.004 0.762(0.602 ~ 0.967) 0.025
Q3 0.575(0.466 ~ 0.712) <0.001 0.675(0.542 ~ 0.842) <0.001 0.633(0.495 ~0.812)  <0.001
Q4 0.505(0.406 ~ 0.629) <0.001 0.679(0.539 ~ 0.856) 0.001 0.567(0.436 ~ 0.740)  <0.001
AT B9 KT (% )
JAAR A4
<25% ref ref ref
26% ~ 50% 0.930(0.671 ~ 1.288) 0.660 1.006(0.716 ~ 1.413) 0.972 0.986(0.674 ~ 1.441) 0.941
51% ~ 75% 1.002(0.716 ~ 1.402) 0.990 1.092(0.769 ~ 1.551) 0.622 0.977(0.655 ~ 1.454) 0.907
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(8:4)
- A 1 (X} A 3
OR(95%ClI) P aOR(95%CI) P aOR(95%CI) PiE
>75% 0.843(0.603 ~ 1.176) 0315 0.982(0.689 ~ 1.400) 0.922 0.955(0.632 ~ 1.441) 0.825
ALz shA
<25% ref ref ref
26% ~ 50% 0.767(0.654 ~ 0.899) 0.001 0.853(0.724 ~ 1.005) 0.057 0.905(0.753 ~ 1.087) 0.288
51% ~75% 0.736(0.630 ~ 0.860) <0.001 0.849(0.722 ~ 0.998) 0.047 0.775(0.645 ~ 0.931) 0.007
>75% 0.642(0.547 ~ 0.752) <0.001 0.842(0.711 ~ 0.997) 0.047 0.702(0.575 ~ 0.857)  <0.001
S RIE SR (A JH)
JAR G A-2H
1 ref ref ref
2 1.028(0.801 ~ 1.324) 0.829  0.946(0.728 ~ 1.232) 0.678 0.920(0.689 ~ 1.231) 0.574
Mz shA
3~4 ref ref ref
=5 0.773(0.688 ~ 0.869) <0.001 0.760(0.674 ~ 0.858)  <0.001 0.863(0.754 ~ 0.988) 0.033
H:01.02.03 .04 FoR B A BB AT T 2518 T 24 & adE M Fiod  BE K FRBOA L AR A (] SR 1o W AR
BRI T L
3 it it TESARDC , PRI — 451 T 1l J2 o I B AATE Bl /KP4

AHFFE 0 2 H SRR LR R Gt E AR
BRTESIELS MS £ KU 22 0] 1 68k . 251
IR, SARIE S FEA LL, JAR BR A FnRLEEE s B ik
I B SRR R A B G AL AT
SEIR BN E B 60 2 LU ERY ARET R
PRI SR MS 1K AR R AT A7 02 DT [l A
KIS TA] B SR MVPA 5 MS I HR U 38 6T
Ly IR

FEO I BARTE S MS B4 R K, HELA R HE
A AEJE 150 min 2558 B B R TE S K8k v] LA
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