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The Relations between metabolic syndrome, physical activity,
and dietary patterns in Korean adults

So-Youn Bang
Department of Nursing, Daejeon Institute of Science and Technology
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CAE +1Z, 2A2E FARA 0 A8E BAEGh AT AT, AEETE FHEES 94 29.7%, 914 16.7% o1tk
A9 A, A AASET Y vaslte] 3 AR ST vASFatel o13kd slsAdo] 0.8u] F71EFal(OR=0.8, p=.038),

A S Wol AALGE gASFaol 013k 7sAd ol 0.988) 718 EOR=0.98, p=.007). 9432 7%, A AA e
HlaLske] a1 *Jﬂlﬂi?g hAtS el 15&a 7Fs4de] 0.74) F718ka(0OR=0.71, p=034), &31E, whald 2wk HF
H&o] ES5E ARSI o)gkd sbsAde] ZH2t 1.038)(OR=1.03, p<.001), 0.964}(OR=0.96, p=.009), 0.954H(OR=0.95,

p<001) Z7H5HeIE B A7ANE u}%gﬂ, UAETE fEe] FEehs AU dde A714 AALAL B
PN ABURS s, A RIS U el B2 wedstel A RPE AABED B

sh2, B, A AR FAR AR AekE FA) L] A 3 l% sofof & Zoltk.

Abstract This study involved a secondary analysis of 2016 Korean National Health and Nutrition Examination
Survey data to identify the relations between metabolic syndrome, physical activity, and dietary patterns in Korean
adults. The x’-test, t-test, and logistic regression analysis of complex samples were conducted on the data of 3,352
subjects aged 19 to 64 years with metabolic syndrome. The prevalences of metabolic syndrome among men and
women were 29.7% and 16.7%, respectively. In men, the high physical activity group showed a 0.8-fold increase in
the likelihood of metabolic syndrome (OR=0.8, p=.038), and higher fat intake increased the risk of metabolic
syndrome 0.98-fold (OR=0.98, p=.007). In women, the high physical activity group showed a 0.7-fold increase in the
likelihood of metabolic syndrome (OR=0.71, p=.034), higher carbohydrate intake increased the risk of metabolic
syndrome by 1.03-fold (OR=1.03, p<.001), and that higher protein and fat intakes reduced the risk by 0.96-fold
(OR=0.96, p=.009) and 0.95-fold (OR=0.95, p<.001), respectively. The study shows that to meet the challenge
presented by the increasing prevalence of metabolic syndrome, efforts are needed to screen for adults at risk of the
metabolic syndrome by regular physical examination and to develop and provide intervention programs that involve
regular high intensity physical activity and controlled carbohydrate, protein, and fat intakes.
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>130/85mmHg =& FEXF F9 A, @ 35T

>100mg/dL EE FEAE F< A, @ HDL- 2.3.4 EHAA}

Cholesterol: '3/ <40mg/dL, 414 <50mg/dL F+= oF& QAT s $18] 35 F(fasting blood

x]E ol 2, @ FAAY: >150mg/dL & FEA 8 sugar, FBS), TH=XT Z&2~H Z(high density
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Hitachi Automatic Analyzer 7600(Hitachi, Japan)= ©]

Table 1. Scoring method of international physical activity questionnaire

W BnEge = fofo] EAMOE FASIGITh
glulz A & 2.3.5 MAES
| 425l 2 AT F48 AAAH L5 DA (International
60%  physical activity questionnaire: IPAQ)[22]5 ©]-&-3}]

Intensity of physical activity

Scoring method

Walking MET-min/week

3.3 x Walking minutes x Walking days

Moderate MET-min/week

4.0 x Moderate-intensity activity minutes x Moderate-intensity days

Vigorous MET-min/week

8.0 x Vigorous-intensity activity minutes x Vigorous-intensity days

Total physical activity

Sum of Walking + Moderate + Vigorous MET-minutes/week score
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1= gele] ST AATE, Ao| Foel B

F

stetstodeh At AFY Fek Fofdh ngwe] AAE 600MET(min/week) o3-S AH|eH A9 F s W
T, B AR AAEE, V] @S AL ZH Al Eake Aotk A AAGET S ok &k 34 &
A&Fol We 7T EEAHH NEFTE 39 Ad L AAGRET Be 5 AAGET TEHEA &
2 o3 & <Table 1> 7|F2E Metabolic = 7450t
Equivalent of Task(MET-min/week) 55 AH&31
L3 Aot AASE e SAASEE 2.3.6 Ao Hef
AREAA R wet Al 1FoR BRIAAL LA o] FehE stekshy] s Gk A AR} 44
AGEr Aol F 3 oY A= AAGTSE ol FHE FAsGITE dU%a A dIFE 2447 3
243 1,500MET(min/week) & 0|3 45, 78 o] & o]&3to] A 1Y B¢t olux] 2 Y2 AFH
g A7), BHE e wGE AASEY B BF B zARlL AL FHE AT 19 B o}, A
< 53l 3,000MET(min/week) o3-S &gt A4 & 4 A9ax} 2 94 A zALEch
b WESRE Agolth F AABFLL F 3% o
& 3Rl Aok 202 o) AT AAEES & 7 2.4 Xt2EAM HitH
T, 5 59 ol akFol Aol 30 ol TS5 AIA S A7k F AL B A A (complex sampling
Fes AU AL B, T 5 oY A, THEE design) B AMESE, BEwel Sa)e)l e i
T AR AAEE] SR Fes B AT e ama A BAANE AN 98 Aupa] R
Table 2. General characteristics of the subjects
Men, weighted %(SE) ) Women, weighted %(SE) )
Variables MetS Non-MetS ' 0(;)X MetS Non-MetS ' 0(;)X
(n=413) (n=917) (n=366) (n=1,656)
-7.97 -15.92
Age(yrs) 45.4(0.7) 39.0(0.5) (<001) 50.1(0.6) 39.8(0.4) (<001)
Residence area
Urban 83.9(3.3) 87.9(2.3) 3.81 79.3(3.8) 87.6(2.4) 16.2
Rural 16.1(3.3) 12.1(2.3) (.109) 20.7(3.8) 12.4(2.4) (.002)
Education level
<High school 15.1(2.0) 8.1(1.0) 1438 34.12.9) 13.5(1.0) 113.3
High school 36.1(3.3) 40.4(2.0) (.007) 45.1(3.1) 39.8(1.5) (<.001)
= College 48.8(3.6) 51.52.1) 20.9(2.1) 46.8(1.7)
Household income
Low 9.4(1.7) 10.2(1.6) 4.85 17.9(2.3) 8.7(1.2) 36.05
Moderate low 26.4(2.7) 21.4(1.6) (316) 24.2(2.5) 22.8(1.4) (<.001)
Moderate high 26.8(2.6) 30.9(2.3) 33.9(2.8) 32.2(1.8)
High 37.3(2.9) 37.5(2.3) 24.0(2.5) 36.3(2.0)
BMI(kg/m?)
<18.5 0.3(0.2) 4.1(0.8) 232.69 0 7.9(0.9) 410.21
>18.5, <23 9.3(1.8) 36.4(1.8) (<.001) 11.1(1.7) 55.6(1.3) (<.001)
=23, <25 15.0(1.9) 28.8(1.8) 21.4(2.3) 18.7(1.0)
=25 75.4(2.4) 30.7(1.8) 67.6(2.7) 17.8(1.1)
Smoking status
Non-smoker 18.1(2.2) 31.7(1.8) 27.26 87.7(2.1) 87.4(1.1) 12.28
Past smoker 34.7(2.9) 32.3(1.8) (<.001) 3.0(0.9) 6.8(0.8) (.005)
Current smoker 47.1(3.0) 36.0(2.0) 9.4(1.7) 5.7(0.7)
Frequency of alcohol
None 13.6(2.0) 5.6(0.9) 46.06 26.8(3.1) 16.6(1.0) 21.94
<1 time/month 16.7(2.2) 26.9(1.6) (<.001) 37.8(3.2) 37.7(1.4) (.001)
2~4 times/month 26.6(2.5) 34.7(1.8) 19.9(2.4) 29.5(1.1)
=2 times/week 43.0(2.9) 32.8(1.8) 15.4(2.3) 16.2(1.1)

MetS: metabolic syndrome, BMI: body mass index
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ol A 7]"€X]§ #g-sto] EA18H
ZAHE AFEE SPSS WINDOW 23.0 Program .2

BA5lm, B fel5Ee 052 seirh AaiA

S, 5 A9 ASTES LALE, Aol 3
o A

logistic regressions 0] &3ttt

d
A(t=-7.97, p<.001), WHFE2 A ZY 1
Abgho] W om(x’=14.38, p=.007), A BHA

Abgho] BIL(x’=232.69, p<.001), @A F Fo|m(x
27.26, p<.001), 7 23] o] SF2 s} Aol wolth
(xX>=46.06, p<.001). 221t} AFA Doyt 7477 525
o M dASFE frel Aol BAHOR frelahA

R =)

F8l(x’=16.2, p=.002), WHFEE

Aol EEkTH(X’=113.3,

=410.21, p<.001), A=}
Fo]a1(x*=12.28, p—005) w75 A e AN
o] Wolth(x’=21.94, p=.001).

3.2 tHAISE R
A Fre] 571 el €9, ¥
A 22 E, 24 A, ST

o4 Afe] BAH LR

5 Eé H, © =CH O, =1 = ‘d—
o] odrtt w1, WAEAGY FH2HE2 ool
AR =9ktkall p<.001)<Table 3>.

Table 3. Metabolic parameters of the subjects

M(SE) or weighted %(SE)

Variables Men Women t(p)

(n=1,330) (n=2,022)

Systolic blood 13.29

ressurofoumHs) 119.4(0.5) 12004 | Zioy

Diastolic blood 14.75

pressurofmmHs) 79.5(0.3) 73503 | oo

Fasting blood sugar 433

(mgrdL) 100.5(0.9) 95.7(0.6) <0o1)
HDL-Cholesterol -4.68
(me/dL) 47.7(0.4) 56.0(0.4) <001)
Triglyceride 10.56
(medL) 170.8(5.3) H21C4 | oo
Waist circumference 20.93
(om) 86.2(0.3) 77.9(0.3) (<001)
80.1
MetS 29.7(1.4) 16.7(1.0) <001)

MetS: metabolic syndrome

W
N
ox

iy
28 5
1o,

YT o ofd

fo rlo Jz
ol o
og ol —H
% ¢
oX,
f

Al HlEE ool FAdnT}
p<.001)<Figure 1>.

S/ FARA F WA NG 30 o]l trkES
T H7d0] 29.7%, ©1/3°] 16.7%= VFEFSLTH

50%

40.7%

40%

0% | o || —

21.9% $.1% OMen
9.7%

20% | — | B — = | |1 {55 Owomen

10% B (S [ S

High BP High FBS Decreased Increased TG Increased MetS

HDL-C wc

Fig. 1. Prevalence of metabolic syndrome and its

components
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3.3 tAIEEZ /70l mE MAMES| x}o] gk ol2lgk Ateli= SAIA o= FoleHA] 3iti<Table 4>.
AARE Awol ME UREFEE FHE oH0A
AR frolgk Aol7h AT WAl = 3.4 HAE=F F5F0 mE 20| HEle| xto]
ke A Adath vjaste] A AAE-Eate] B, 3.4.1 SAL MF SHEQ| x}o]
T AABET] AATC=10.52, p=017). QAT o ohE 19 Boke] ok AF @
AR gAEEwe] s e A Jdd b &S B3 A3 <Table 5>9F 2th
wale] A AAGFTe] Ba 3 AAZEao] A A
Table 4. Physical activity level of the subjects
Men, weighted %(SE) ) Women, weighted %(SE) )
Variables x(p) x(p)
MetS(n=413) Non-MetS(n=917) MetS(n=366) Non-MetS(n=1,656)
Low 46.9(2.9) 41.6(2.1) 4.42(219) 55.0(2.9) 46.8(1.6) 10.52(.017)
Moderate 40.3(3.0) 42.0(1.9) 39.6(2.8) 43.7(1.3)
High 12.8(2.0) 16.4(1.5) 5.4(1.3) 9.5(L.1)
MetS: metabolic syndrome
Table 5. Differences of major nutrients intake according to MetS
Men, M(SE) Women, M(SE)
Variables MetS Non-MetS t(p) MetS Non-MetS p)
(n=413) (n=917) (n=366) (n=1,656)
Energy(kcal) 2449.8(49.9) 2457.8(31.9) 0.15(.884) 1645.6(37.7) 1776.8(20.0) 3.37(.001)
Carbohydrate(g) 325.7(6.7) 333.8(4.5) 1.07(.288) 265.8(6.7) 266.0(3.3) 0.03(.974)
Protein(g) 91.03.1) 89.8(1.6) -0.32(.750) 56.1(1.5) 64.3(0.9) 4.95(<.001)
Fat(g) 58.7(2.0) 63.5(1.5) 1.85(.066) 33.7(1.2) 45.5(0.8) 9.02(<.001)
Dietary fiber(g) 25.1(0.7) 24.0(0.4) -1.41(.162) 21.5(0.8) 20.8(0.4) -0.87(.384)
Ca(mg) 556.0(19.2) 541.5(11.3) -0.66(.510) 407.6(12.3) 435.98(6.6) 2.07(.040)
Fe(mg) 19.9(0.8) 19.2(0.5) -0.75(.457) 14.5(0.4) 15.1(0.3) 1.15(.249)
Na(ng) 4919.1(154.2) 4626.5(87.9) -1.68(.095) 3076.9(121.8) 3283.4(55.4) 1.61(.108)
Vitamin A(1gRE) 839.3(52.3) 778.6(27.9) -1.03(.305) 575.4(35.3) 725.4(50.6) 2.53(.012)
Vitamin Bi(ng) 2.4(0.1) 2.4(0.0) -0.56(.573) 1.7(0.0) 1.8(0.0) 2.07(.040)
Vitamin C(ng) 100.3(5.5) 97.2(3.9) -0.46(.643) 110.0(7.2) 106.93.7) -0.40(.692)
Energy distribution
% Carbohydrate 56.8(0.9) 57.9(0.5) 1.06(.291) 67.2(0.7) 62.4(0.4) -5.94(<.001)
% Protein 15.0(0.3) 15.0(0.2) -0.17(.860) 14.0(0.2) 14.8(0.1) 3.16(.002)
% Fat 21.8(0.5) 23.2(0.4) 2.45(.015) 19.0(0.5) 23.4(0.3) 8.18(<.001)
MetS: metabolic syndrome
WAL A el mhE A A Hlee) Ak sk AA W] a1, FEE, S, A, 2, A
ojRt AR frolstat=245, p=015), & F¥L BRIl A% B9 AT, @A A A He2
o 44 Age Aolt glalk %
& UAETE o) thE S, v, A,
2, vehl ASHB, HAE BaEa Ud A% 342 Ak el Ro|
47 gl Aolrk BAM o feladti@l p<05). e AEFE AR mE 1234,
Ak el Sl Hek Aol st vjaste] @ p=010)3 912 HIE(C=11.04, p=.047)9] ZFol7} £
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ahat, oA obA(=16.15, p=.003)7} <4 (=
55.24, p<001)2] xfo|7} BAH o2 £-2]8} t<Table 6>.

1 0.84 %7}6}1(011:0 8, = 038) xvﬂ"
HAEFE datsFatel olgkd 7hs/de] 0.981)

Table 6. Differences of dietary habits according to MetS

ATHOR=0.98, p: 007).

5, BrstEy) gy
&0l rﬁﬁkiﬂ‘“} Frolg #AAL
o}, A A gt Blaske] a1 2,
Faro] olgd shsAdel 0.79)  S7FSEa(OR=0.71,
p=034), BFglEe] A3 bl go] B8 E Al
olgke 7}sAol 1.031) F7}8F%thOR=1.03, p<.001).
T3 G AOR=0.96, p=.009)37 AH{OR=0.95,
p<001)9] A3 v]go] =&FE ST o]d=

Ve 742k 0.964), 0.958) Z7Fslglti<Table 7>.

e A A, Aol A3 |

u
chal
0] =
PR
AAFETS AE

Men, n(weighted %) 5 Women, n(weighted %) 5
Variables x(p) x(p)
MetS(n=413) Non-MetS(n=917) MetS(n=366) Non-MetS(n=1,656)
Breakfast(times/week)
0~2 33.1(2.8) 32.0(2.0) 1.57 25.1(2.7) 32.6(1.7) 16.15
3~4 13.9(2.1) 16.7(1.5) (.548) 10.6(1.7) 15.0(1.1) (.003)
5~7 53.0(2.9) 51.3(2.1) 64.4(3.1) 52.5(1.8)
Lunch(times/week)
0~2 5.7(1.3) 2.2(0.6) 12.34 5.1(1.4) 3.8(0.5) 2.32
3~4 4.2(1.1) 5.8(0.8) (.010) 8.2(1.6) 10.3(0.8) (.392)
5~7 90.1(1.7) 92.0(1.0) 86.8(2.0) 85.9(1.0)
Dinner(times/week)
0~2 1.0(0.5) 1.1(0.4) 0.62 1.7(0.8) 2.9(0.5) 4.65
3~4 5.3(1.3) 6.4(1.0) (.795) 9.8(1.5) 13.0(0.9) (.108)
5~7 93.6(1.4) 92.5(1.1) 88.5(1.7) 84.1(1.1)
Eating out
=Ttime/week 50.7(2.7) 47.5(2.1) 11.04 12.1(2.1) 20.3(1.1) 55.24
5~6times/week 16.9(2.1) 20.8(1.6) (.047) 12.0(2.0) 17.6(1.1) (<.001)
3~4times/week 8.7(1.5) 12.1(1.2) 9.4(1.7) 15.8(1.1)
1~2times/week 14.1(1.9) 13.8(1.3) 31.4(2.4) 26.8(1.3)
<3times/month 9.6(1.7) 5.9(0.7) 35.1(2.8) 19.6(1.3)
MetS: metabolic syndrome
Table 7. Relationship among MetS, physical activity, and dietary pattern
Men(n=1,330) Women(n=2,022)
Variables
OR(95% CI) P OR(95% CI) P
Physical activity
Low 1 1
Moderate 0.83(0.61~1.14) 248 0.82(0.61~1.09) 163
High 0.8(0.65~0.99) .038 0.71(0.52~0.97) .034
% Carbohydrate 0.99(0.99~1.0) .193 1.03(1.02~1.04) <.001
% Protein 1.0(0.97~1.03) 978 0.96(0.93~0.99) .009
% Fat 0.98(0.97~0.99) .007 0.95(0.94~0.97) <.001

MetS: metabolic syndrome, OR: odds ratio, CI: cinfidence interval
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HlEo] w3tk e diAe el A Hel Y
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