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PURPOSE This study aimed to examine the associations between accelerometer-
measured physical activity and both cardiometabolic disease risk factors and metabolic
syndrome in Korean adults. METHODS We performed a retrospective cohort study
with age-sex matched case-control using data from the 2014-2016 Korea National
Health and Nutrition Examination Survey, which was administered to South Korean
adults (n=320). Individuals were categorized into quartiles based on accelerometer-

measured moderate-to-vigorous physical activity (MVPA). Demographic and physical
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characteristics, waist circumference, visceral adiposity index, blood pressure, lipid
profiles, and TG/HDL-C were observed. The associations between MVPA status and
cardiometabolic disease risk factors as well as metabolic syndrome were determined
using multiple logistic regression. RESULTS For the waist circumference, SBP, DBP, MBP,
visceral adiposity, triglyceride, and a surrogate estimate of insulin resistance, the Q1
and Q2 groups had higher means compared with the Q3 and Q4 groups. HDL-C was

higher in the Q3 and Q4 groups compared to the Q1 and Q2 groups. Odds ratios for
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cardiometabolic disease risk factors and metabolic syndrome decreased in a curvilinear
manner with the increasing quartile of MVPA. CONCLUSIONS Adults with higher MVPA

participation were strongly associated with cardiometabolic disease risk factors and

metabolic syndrome.
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Graph LLC., Pensacola, Florida, USA)E °©]-&5t%o™ dA3FL
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SoAs 454 e detag HE] RAEglon, iRt @
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a3 7 S Y vpAE 18Q] A& LRSI AAEs =
2 AP A A S5 (Sedentary intensity PA), 7HH-2 A4
(Light intensity PA), QAAE XA &5 (Life style intensity), %
A= A5 (Moderate intensity PA), 117 = AlA|&5(Vigorous
intensity PA), 10 o]AF X|<% MVPA(MVPA in bout of = 10
min), 183 MVPAZ A|A|5}91ch.
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ATt T4 o] 8otlom, ZA|eE F41& offiel 2, RIAE
9] 5944 (50th percentile) Y152 A 172 AT

Males VAI = (WC/(39.68+(1.88 x BMI)) x
(TG/1.03)x(1.31/HDL)
Females VAI = (WC/(36.58+(1.89 x BMI)) x
(TG/0.81)%(1.52/HDL)
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A dlo]El& &85} estimated pulse wave velocity (ePWV)E
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[e]

14, 3) B ELAN: 100ms/dl 014, 4) HDL-C 53 ol4k: W}
3% 40me/dl vIE, oj7e] Z% S0me/dl VI, 5) MFHAY
83 150me/dl olgole, 5744 5 37H4 ol 557 A% oA
$202 Fofstirt,

1o

gk

ofy

SAAE

RE 2z SPSS 26.0(SPSS Inc, Chicago, USA) 213 o]
oto] Ptk BEQLAE AU AAES o] OHE IF
tol& EA45H7] fleiA A, iz, 7HALASSsE, S99
AEAS AR, AF, AAH 54 2 A8
A4 912 YUHFEA T} Bonferroni correction AR
= AASEOITE 3 AAEE o] e A8 A de 8
A AAEE I50H7] IsiAl "MVPA <=0 7
VB, 1S S, VLSS
2 Aolgt & v} 2AAE 3|
OJFEL2 05% AT

oo
2 P gy
jin)
Ao o
Bl
rir
kI

l

rlo v
_L?L
o
[
r/L{\ru
<
o
N
N o
o
it
1)
o,

e fy L o
or
R
o

;=
)
i)
5id
Bl
i
okl
e
ot

Table 1. Descriptive statistics of the study participants by MVPA quartile among Korean adults

MVPA quartile

Variables Q1 ® 3 Q4 p-value
Male, n (%) 40 (12.5)  40(12.5) 40(12.5)  40(12.5)
Sex Female, n (%) 40(12.5)  40(12.5) 40(12.5)  40(12.5)
Age (year) 464+1.1 465+12 465+12 465+1.1 NA
Education <High, n (%) 49(61.25) 42(52.5) 46(57.50) 45(56.25) NA
>Undergraduate, n (%) 31(38.75)  3847.5)  34(42.50) 35(43.75)
House Low, n (%) 8 (10.00) 5(6.25) 4 (5.00) 5(6.25)
hold Middle, n (%) 59(73.75) 43 (53.75) 54(67.50) 42 (52.50) .01
income level High, n (%) 13(1625)  32(40)  22(27.50 33 (41.25)
Never smoked, n (%) 49 (61.25) 44 (55) 48 (60.00) 53 (66.25)
Smoking Former smoker, n (%) 18 (22.50) 18(22.50) 19(23.75) 19(23.75) NA
Smoker, n (%) 13(16.25) 18(22.50) 13(16.25)  8(10.00)
Administrators, managers, and professionals, n (%) 9(11.25) 16(20.00) 10(12.50) 17 (21.25)
Office workers, n (%) 6 (7.50) 8(10.00)  10(12.50) 14 (17.50)
Service workers and shop sales workers, n (%) 7 (8.75) 16 (20.00) 14 (17.50) 11 (13.75)
Occupation Skilled agricultural and fishery workers, n (%) 5(6.25) 4 (5.00) 4 (5.00) 3(3.75) NA
Machine operators and assemblers, n (%) 20(25.00) 10(12.50)  8(10.00) 11 (13.75)
Laborers (not elsewhere classified), n (%) 3 (3.75) 6 (7.50) 8 (10.00) 4 (5.00)
Jobless (e.g., housewife, students), n (%) 30(37.5) 20(25.00) 26(32.50) 20(25.00)
g’;‘ﬁfgg‘; Metabolic syndrome, n (%) 42(5250) 31(38.75) 6(7.50)  2(250)  0.001
Physical MVPA (min/day) 85405 21.6+04° 356+05 644+22° 0.001
activity

Value are mean £ SEM or n (%), Abbreviations: MVPA, moderate-to-vigorous physical activity. Same alphabet indicate no significant

among groups
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Table 2. Anthropometry and cardiometabolic disease risk factor by MVPA quartile among Korean adults

# AR 89 D RAFER

J 4 AT 9
F kel 2ok sl EY
3L, MVPA7} 7}1* 92 Qlass Hli’ﬁM Q31F
(83%), Q4152 0.1281(88%) AT Ado] Ha
AGA 4] 49 Q1IF Hrt Q352
23R 2 H(p<.001), Q41F
S THp<.001). 18X 73
Q4(p<.01)IFS Aol
= A0 UERHOU ePWV=
A kot &
0.294H(71%) ©]
52 Q115 Hlwsto] oF 0.124H(88%)

) MVPA quartile
Variables F Post hoc
Ql Q2 Q3 Q4
Height (cm) 1650+£09  164.1+09 1640+1.0 1644+0.8 0.24 NA
Weight (kg) 69.0+ 1.7 66.5+1.4 63.0+1.1 63.6+0.9 466" Q1 >Q3,Q4,
BMI (kg/m’) 252+0.5 24.6+0.4 234+03 234+0.2 5.68" QI >Q3,Q4,
Waist circumference (cm) 86.3+ 1.4 82.6+1.1 79.4+0.9 79.7+0.8 9.15™ Q1>Q3,Q4,
Visceral adiposity index 7.9+0.6 7.0£0.8 3.8+04 3.0+03 18.54™ Q1,Q2>Q3,Q4
Systolic blood pressure (mmHg)  121.3+1.8  116.7+1.6 1146+15 1133+1.5 492" Q1 >Q3, Q4,
Diastolic blood pressure (mmHg)  80.0 + 1.1 76.3+0.9 755+ 1.1 75.1+1.0 471" Q1>Q3,0Q4
Mean blood Pressure (mmHg) 96.5+1.2 924+1.0 91.1+1.2 90.4+1.2 5717 Q1>Q3,0Q4
ePWV (m/s) 8.1£0.2 7.7£0.1 7.6£0.1 7.5£0.1 2.85" Q1> Q4
Total cholesterol (mg/dL) 2052+43  1904+4.1 192.1+3.7 1948+3.4 2.89" Ql>Q2
HbAlc 6.0+0.1 58+0.1 5.7+0.1 5.6+0.1 2.96" Ql > Q4
Fasting glucose (mg/dL) 106.6+3.5 101.9+24  98.6+2.6 948+ 1.3 3.82" Ql1>Q4
Triglycerides [TG] (mg/dL) 196.0+11.9 180.8+21.8 1084+7.8 1053+8.8 11.96™ Q1,Q2>Q3,Q4
HDL-C (mg/dL) 457+12 46.7+1.4 526+1.3 541+1.2 10.53™ Q3,Q4>0Q1,Q2
TG/HDL-C 49+04 46+0.8 23+02 22403 9.99™ Q1,Q2>Q3,Q4

ok

Value are mean = SEM, " p<.001, “p<.01, 'p<.05, Abbreviations: MVPA, moderate-to-vigorous physical activity. BMI, body mass
index, ePWYV, estimated pulse wave velocity, HDL-C, high-density lipoprotein cholesterol
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Table 3. Risk of abnormal cardiometabolic disease risk factor and
metabolic syndrome by MVPA quartile among Korean adults

Variables MVPA quartile B  S.E 95%ClI Odq’s
ratio
Q1 1.00
Waist Q2 -0.23 034 0.41-1.54 0.78
circumference Q3 -1.75 041 0.08-0.39 0.17™
Q4 2.11 047 0.05-0.30 0.12""
Q1 1.00
Visceral Q2 -0.36 0.38 0.33-147 0.70
adiposity -
index Q3 -1.94 037 0.07-0.30 0.14
Q4 -2.55 0.40 0.04-0.17 0.08"
Ql 1.00
Q2 -0.40 036 0.33-1.36  0.67
Hypertension .
Q3 -0.84 038 0.21-0.90 0.43
Q4 -1.04 0.39 0.16-0.76 035"
Ql 1.00
Q2 -0.44 047 025-1.63 0.64
ePWV
Q3 -0.52 0.47 0.24-1.50 0.59
Q4 -0.15 0.48 0.34-2.18 0.86
Ql 1.00
Fasting Q2 -0.18 0.34 0.43-1.62 0.833
glucose Q3 -1.34 037 0.13-0.54 026"
Q4 -124 037 0.14-0.60 029"
QI 1.00
Q2 -0.00 0.34 0.51-1.94 1.00
HDL-C
Q3 2.16 041 0.05-026 0.12
Q4 -3.08 0.54 0.02-0.13 0.05™"
Q1 1.00
Q2 -0.68 0.35 0.26-1.00 0.51
Triglyceride .
Q3 2229 0.40 0.05-0.22 0.10
Q4 -2.54 043 0.03-0.18 0.08™
Q1 1.00
Q2 -0.69 0.35 0.25-1.00 0.50
TG/HDL-C
Q3 -2.06 0.39 0.06-0.27 0.13
Q4 -2.65 0.43 0.03-0.17 0.07
Ql 1.00
Metabolic Q2 -0.62 034 0.27-1.05 0.54
Syndrome Q3 276 0.50 0.02-0.17 0.06™"
Q4 -4.00 0.77 0.00-0.09 0.02""

“p<.001, "p<.01, p<.05
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25 AHp<.001). S8AFS A%, Q115 Hlwste] Q37 Q4
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= 97t TS WA W Aol 9= A0 R Holm MVPAE H|TF

nb e

mlO—:‘E‘:H-l

MN oft mE ot Ho Hob rfu rfm
N

lo

Aol EY2A 9L sh= Aoz A4ET ATz o
&St HeE|ghy 7| dof| T A= EAo] o, AT A
22 A F T 4= s 59FQ A5 JdAe|tHRitchie & Connell,

2007). Winters-van Eekelen et al.(2021) d+tof 9J5H4, s15 30
E7F Z2 YA 7S MVPAR dAIgcHE, WA 7.8cm?” o144
BN = oy, M AAEES WA Bio] gty
Hasigich 2 A7+Aa WAHA 9] 49 MVPA $20] whahA
2 a3 a7k YeRgow(n,?).14; Large effect size), MVPA
Q13 Q2152 Q37 Q47159 Hrt oF 1.54] o4 &3ttt o=
MVPALE WAAo] 3t WAAo] Slthe APA+ZT Aot
= A02 Agdh HE, 2 A4 WAAL-E CT(computed
tomography) =+ MRI(magnetic resonance imaging) =7 ©°]
Q3lo] A 2A51A] AkAuk WA SZ2a) 7 2y A"
o A 1Y ASAHEA §-84d0] HEE WAL A+ &8
59 tHAmato et al., 2010; Bi et al., 2022; He et al., 2022). A4
52 Gz FHARA TS VAL, F2HQA MVPAE 118
4] FAAQI AFAS HAaAZIHTremblay et al., 2017). & <
‘7'EH“—ZP_:‘9] 571, o|¥7] BT Bt FHA FF, MVPAZH
7P Qll'gt Q31 Q41FET RFYotA E9kom, ePWV
9] AL Q15 Q415 R} =th Qi et al.(2015)} Healy et
al.(2015)= FHANLETL A4 Aol glota B Istg o,
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Knaeps et al.(2018)°] W=2H, MVPAE € 9 &3t 7
#o] ot B 15t¢HKnaeps et al., 2018). E3F, =2
MVPAE W73t 334 Y v AARE, FAYDETH-
WAL XS F7HA7| = A e E K510 (Germano-Soares
et al., 2018), AAEEL LY F+28 75 FFE A=
endothelin-1(Carter et al., 2017)3} @34 Ate]E7F1x} LHgH
HEAo] Yt AL & 7 JTHOtsuki et al., 2008). oA=&
T2 4, gEE 59 AR YA, sHASE fdeta,
TAEWHAG HE2 ‘;thﬂ 59 Y9l AgloltiCannon, 2008).
ES TG/HDL-Ce= d&d AR HAEEA, Bt HEd
A ASE Oﬂiﬁ = e e 94 A #Ee|th(Di Bonito
et al., 2012) 2 AT IAEY] A0 FEEE2 MVPA
7F 7P 22 Q1 AF2 Q4 IFHEY =2 A0R Uegoen, &
A3} HDL-CO] %9 Q13 Q2IEL Q3% Q4 18 wr} 24
Al Zo & Uehgth Egh FEIAGY FHANY Q1 Q21w
9] B2 89 AF7IEE 2T oY, Q3T Q47159 B2
Al Qs AL E YEREL, TG/HDL-CS| -9, MVPAZL &
2 519 Q13 Q27152 49 Q37 Q4TTFETt oF 28 o) &Sk
kvl G s BuAE AuEE, 99 Y 2318 JE A
NAst7] YeliA= Aol 8t AAE-5o] A= ofof o}, AlAE
5 ST AL FHALY £2E F4A1711, HDL-CE
ZFAIG AL St tHAmerican Diabetes Association, 2004).
Peterson et al.(2014)9] dA7+o] w2, MVPA 40| =11,

o
B

»L i m‘
o rlo o ofN

HAABETS AT Y AU AL MVPATE 3 &L
FAPEET EH*J‘Z]'EE} A7}t Ao g Uehdth o]2 Eslo] =
o 2~z0] MYPAL EZX| A Alo] 24201 93k u|X = AL &
7} At

2 Ao A A G AT HE It E40A 1F 1 Fofgt
W= o] o] 7k VrepubA] gkokA|nt, 2AAE SRS Akl HF
g £o]7] S84 BE dutd] 548 SHFeR A5l B4

St tH(Dolan et al., 2016; European Medicines Agency, 2015).
NMETAR S3E = JJAEY MVPA 20 2 HEH A
A% 29 9 AT Ad 7S ST A0E AWEY,
ePWVE A 93t E WoloA MVPAZ} 7F4 W2 319 Q1153
H 5k Q371F2 2F 57% °14, Q47182 65% ol A@ Aol 7
AshE A0 2 UEHSTE DiPietro et al.(2020)2] A7+ olstd &+
F 150-300% MVPAE 33t 32 4919 AL A8 gALES
Aol 66% Fadte ACRE U, 2 A+diE JERgt
FHRh ERY RO gt Ao] SHE FH R, 48T At
7"§J 9 ARG EET DT TR0l k. Ad Aol HEH, =
£ MVPAE WAAHY 24 A3aA7F debdoha 230

}‘ﬁ O m(Murabito et al., 2015), FA3L 152 AASs 15
3 vlwste] S HEH 7 1249 ol F 9F 2em H L F7HCHL Sholch
(Shibata et al., 2016). ¥ Ao A= BHu|uES: 8015}17] 95t ¥
Q1o 2 slejEe| ot WAAHAFE ol &5ttt slzlEd 4%, Q3
T Q4152 MVPAZF W2 o+ Q11ET vlsto] oF 83% ol
/ol % io}h A0 & Yeon, WAXHRS= oF 86% ©l
& 914 7]'#“0] Aok 20 & Yeh, AYPATe} H|et A1)
Aol A=, MVPA S22 wrehA] CT E+& MRI
i '—H"JX]“P-‘—]'«] WAE AvEs A7 28
LAY A= A A% S P 9
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g 8QlolH, AF F7toll wehAl §4¢8] F71etth(Diaz & Shimbo,
2013; Kjeldsen, 2018). & AFoA= 1849 4%, MVPAZF 7t
Z F2 519l Q11w Hlaste] Q3152 oF 57% °l4, Q4%
2 65% °lF 919 7Hs/dol Hashs A& YERT Yoon et
al.2021) Aol oJotd, W Fss T 2> AL 1
F3 sk, 138 A DAl 1490, 12 DA A= 1.7
Z713th . H189 2, Whelton et al.(2020)= 4183 Agho|
U= HAEY S £57] ¥l 10mmHg S7H wjrie} 37
3 AE 3 g /1do] oF 53% S7FoFH ‘I]r‘j%’\‘] MVPA =
BolA TEA RS I AEH S S Sfof gt E
3, Hametner et al.(2021)9] o4& ePWV ’\ZO] 7V Ee
45 94 D52 18 914 253 vlwsto] @A dgo] 2 7.9
v Z7Feh= A0 & Yehgth ePWVE 5HHSE oSt A5
ZA ZHT AFoA Wol ARREI Jlow, AETA A I AP
B0 T BAE B 2y 2 AFollAs MVPASH ePWV
o A7} ERER] @rotth AlgA Fdglo] Yol ApHA g9l
o] 9J8|4] W5l o] opd t}okslt QQlEo] BEgxog 285}
o, S 7142 g&olA] AtkDiaz et al., 2015; Lusis,
2000). E3F, ePWV F41E 0] 83t F7g3ko]7] wfjiol a4
Q7 BQag 4 OIE}(Boutouyne 2022). % Aol 7HEE
AR Z4E MVPAS B3 &4 7]7] S 9 WG STl
3’}74]% AfEE= A7 8% A ZrEth =2 59 MVPA
A A3 TG/HDL-C9 9¥ 7}% A& FaA7E 2o U
E£3], TG/HDL-CL A& AFA tHElZlﬁEH w3
A%, HEFET ot} A28 Tt AF SR A=A
Els °1 S A #o|tHLim et al., 2020; Russon et al 2016). &4
Wik HDL-CO| 987182 Y eHdey) HEF AdES &
T 1.548), 5.138) S71A17]+= 2.91olH(Lee et al., 2017), HDL-C
AFA9] 4%, oFF MVPAZ} 0&<l 153} ¥]sto], MVPA 158
2 71%, MVPA 3052 76%, MVPA 6052 79% 918 7Hs/do] 7+
A5ta, ZAAY A8 B MVPA 1582 60%, MVPA 30%
2 78%, MVPA 602 90% 919 7Hs/8< RFc A& Hil &
tH(LeBlanc & Janssen, 2010). ©]9} Zo], &=L 430 MVPAE
oA AE =} ol AT le;].ﬂr o] 93 ge UL
= & 57t ek AT S, MVPAZE 22 619] Q17L&
H| 5], Q3LF2 94%, Q41852 96% °1F f134d0] Z4st
7;4\ O & YeRth Cho et al.(2021)9] Aol & AA&E0] £
FAAL 1.16-3.1449, o482 1.18-2.57H] thAST Y13 o]
Z7]—°PE}J_ Bsle], B J1AnE kg, E35F Scheers et
al.(2013)9] Aol A= 317 60E ©149] MVPAE oFF 30+ o]5}
9] MVPAS} H| W 5lo] thARS S 2T aQIQl EHu|gt S,
HDL-CE°] 98730] 68-81% Astgl oL, 24 Ex= 7HHE 4l
ALs2 JAS =T ZF 718 alat #o] glvta B skl
oli= MVPAE tAF 53 ZF Ak 7iE 8159 588 59 <
AL & 7t et 2o B35k, Allesge et al.(2015)9] A
o5t A ol A9 =2 MVPAE AAAE 98-S 71
71 2102 Hsto], AAE5 FFof wahs] MVPAZE A E T thA}
Ak aQlof] m A= 57 FEbd = S & 7 ok whEkA,
FT Ao oFe 4 S5 oMM Y MVPACL o7} vs
2t BT ARES 9 AR LIe] BAE ATEE A
7 298 Ao g YZrEkByambasukh et al., 2020).

¢

‘;k
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2 ATE = A0S doR 201420169 %0 Aget =
BREERA AREAL HEEAR SAE AAEE AmE B8
Fom AAEE ol 0 AW dAES 82059 Aols
At 7 i 8913 ARG T RS B4Rt

AZ, AdFAS, sg=H9] 39 MVPAZE 7P ®2 Q1 &
2 Q3% Q4 IFET A Yeged, WAAEA49] ¢ Q1
Q2 1F2 Q3. Q4 AFES w7 YEhdth. 571 B, ol
7] 2% B U] 49 Q1 1E2 Q37 Q4 ~LE} HlaLst
o =%4oH, ePVW] 4 Q1 Q4 IFET =Y. S 2H|
€9 3% Q1 A5 Q2 IFEY 75t w91, 524
I 3EET B9, Q12 Q4 AFHET K25t &3t HDL-C
o 4%, Q37 Q4 152 Ql, Q2 LFET A HERtoH, 54
A% TG/HDL-C] 4%, Q13 Q2 152 Q3. Q4 1FHT &
A vrebgteh s g9 B9, MVPA 0] 7 W 159 Q1
T wlastel Q3 1F2 83%, Q4 1F-2 88% Aol Haste
A28 Yepbdth. WaAgAse] 44, Ql IFET Q3 152 ¢
/g0l 86% Hastglon], Q4 IF2 92% HASITh LY
3% Q1 w2t wlaLstel Q33+ Q4 &2 7 57%, 65% T
she Ao veto. 55899 49, Ql 153 ¥lustel Q3
T Q4 TE= °F 71% °o1d A1 de] dastglon, HDL-C2 3%
Q33 Q4 1E2 Q1 LF3} Hlwsto] oF 88% ol 918 7he/d°l
dastatt. S84 B¢, QILFH vlaLste] Q3% Q4 1%
< 9F 90% o1 919 7heAol #4skelal, TG/HDL-Cof 4%- Q1
53 Bl wste] Q33 Q4 T1E> oF 88% o1 f@ Aol At
o HARS T2 Q1 TLEI} Blatated Q3 Q4 52 ZH2t 94%.
98% Aol Tashe A o2 HEyt

2 AToAE 7HEEAR 54" MVPA 20 thE 2
At AR H ARG TS BAE FEE 5 A2 H, AR
EEAAYE vs. 7FE vs. PG AAEE) B AR
©: o7k vs A F5 W59 FAHS 4
ghAlo e Azdnt. gy, 25 Ao AAEE B=
< e FEAFTE AT A0 2 AzhET
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