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Abstract

The purpose of this study was to examine the relationship between metabolic syndrome and sugar intake. This study was conducted
on adults aged over 19 who participated in the 2013-2016 Korea National Health and Nutrition Examination Survey. Subjects were
classified according to the ratio of sugar intake to total energy. We used 24-hour recall survey data to investigate the daily sugar
intake. The energy intake ratio from the sugar <20% group had higher % KDRI’s of calcium, iron, potassium, vitamin A, riboflavin,
and vitamin C than the energy intake ratio from the sugar >20% group. The risk of blood pressure level was higher in the >20%
group than in the <20% group. The highest tertile of sugar intake showed an increased risk of elevated blood pressure level. This
study found that increased sugar intake was associated with the risk of metabolic syndrome. It is expected that these results can
be used as useful information to prepare basic data for establishing and managing sugar-reducing nutrition policies for the prevention

of chronic diseases.
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HT AAERT A9 ARSI} F7LeEA, AARG
AE A wh2A AT 5 e 7HAE HolAEo
o]g-o] Wolx| 1 ItiChung & Kim, 2020; Lee, Cho, & Yoon,
2010). E3F AEN o) HDE AE 7y 7)Eo] A
w2} 71g2lEe] 287} 27181 ATk(Yoon, Lee, Kim, Shim, &
Hwang, 2017). o213t 7F&-21F2] AdF= 71d o5u 1gd%
23F0) AF Zolet Bdo) glom, Ao} i 5o 43
Z7kok= o] e AL Z YERHTHChoi, Shin, Huh, &
Chung, 2010; He et al., 2012; Yang & Shon, 2009).

IR Bl R 3 Z2HE Bof| Ho} guks = E4

< 7HAL ], AF ol sk 2E 98Ret olgH
=

= 59} St Qo R JHSH BRE A% U]
A Btk 74 8 28] Aol AhEe Ao FRE

ITH(Food and Agriculture Organization, World Health Organization
[FAO - WHO], 1998; Ministry of Health and Welfare - Korea
Nutrition Society [MHW + KNS], 2015). A1A1%F 2}do]} 3]
frellA AHshe B2 AF WA= e Bos e
B} I Aol FrEER A7l FlskARE AF
o Az, 71, 28 Tl HAHEE 99 Wb 2ute
FA| oA oA WEE Folil, Tulvke AlF3}7]

Foll 7} 4F Al EA7} P TMann et al.,, 2007; Paik et al.,
2016). FH= =219 gk A ohH, AF] AA7IkE
Aohe 7H7 152 AEYIE 3, Al AUAE 35
sk, Hob A B4R ZEIRE URdeR
AMFTHKim, Kim, Kang, & Choi, 2017). 18U} @5F+= 22
717} 2o} &8} A o] Ihety] Wl WEA FE o
PGS FSA7IBE Fet AR Al Aad Aol e,
o2 laf] vl S, AETA A 5 HA o] ol
H(Della Torre, Keller, Laure, & Kruseman, 2016; Dinicolantonio &
Okeefe, 2017; Welsh, Sharma, Cunningham, & Vos, 2011a). ©]
ool FFe] I AHe FA, 7198 &4 59 3 EA
o} o] Erhe AT AW ASHOE HuEd §lon
(Carwile et al., 2015; Lustig, Schmidt, & Brindis, 2012; Seo, 2013;
Te Marenga, Howatson, Jones, & Mann, 2014), 37}g¢] &&
AEE AFshs AT 2] Aol AskEle A0 Vet

(Frary, Johnson, & Wang, 2004).

o2&t A allAstr] AAsiAl 2015 AA BT
Me BF AF 7lol=ekle s, Mg gHE
FHE QAL AT, F oA 10% HIREeE HHE Ao
2 ATsla glom, 5 5% HTke 2 Fole A& Akt
UTHWHO, 2015). eIVl = B/ AF o tigk 7]&o]
ARENE, =599 o FF AFHVEE T UAAH
2] 10~20%(2,000 keal 715, 50~100 )& B3I 9o,
HEAE S 2RE HHEH e G F AAUAEHTY 10%
(2,000 keal 7137, 50 g)= AgkstaL JTHMHW - KNS, 2015).
g A Fo oA A= AFANVHE Bl BRE
R s I i AR S o A B e R R i Bt IR AR L
7V B E OF A7gste] HAeJskal UriMinistry of Food
and Drug Safety [MFDS], 2017).

2013 98] =719 1Y B AAFS F 721 g0 2 1Y
ZAH 9% T R AH dFF] s HIEL 147%A
on, 1Y 7HAES B3 S AHTS 4708 T AH
el 89%E LFERFTHMEDS, 2015). o€ 1Y F95 A%
FS T G 20% o, 7o E sk HIEE 10%
OE A3 Y= 71E vl Al A BA) B
2 OFAATE, WHOOIAM 71 AH s & 239 10%
oA 5%E 2R AAG 2t 1T v 5719 R A
712 97 93 tho] Wadt Ao g Wt} ol HR=
THEAES B B AAFE 1Y F A3 ouAF gl

10% oI E Y= AL Bx 2 3l 20160 5E] 202097H4]
o=

AR shal, R E0)71d T A4S AAXEkA 31
om, 28T GRE &R AFES AU 5 e 3 248
31, G AF e i 71k 758 3122k S99t Jung, 2016).

TR B ATEL HT Bo] TS WYFHT Y=
), 32 95 432 ell(Hess, Latulippe, Ayoob, & Slavin, 2012;

Langlois & Garriguet, 2011; Welsh, Sharma, Grellinger, & Vos,
2011b)2} ZA742] A (Carwile et al., 2015; Dinicolantonio &
Okeefe, 2017; Te Morenga et al., 2014)°l] tg A--Eo]c}.
Selelel A A T2k 7l dhe BF 4H A
8 RAZ 3} FF AH9E DY 2] BAATI A2 13
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A ZEth dA) M ATES A8 dlEAgE Ve
T AEFES B3l BR AFHTFS FA5 AW #AE
A74(Seo, Kim, & Kwon, 2019; Shin, Kim, Ha, & Lim, 2018)3}
Aok webA] B AFdME UG d2AR S YERY
T BE 2F0 g 35 vlojElMlo]2~E 753 & 1 AR
£ &8st A3 tiasge] A AF 11e] B
A& B THgAs s S d¥us As 2 3R
Az} @ A I BYE A TANEE ATSAt
Evi=s

IL O|2X tjZ

1. &% 89 # g3

FA

FAO - WHO(1998)0l41= 215 Woll EAstAY == A%
9 7k, &8 Aol 7tEe 25T, I, 2YgEL = F9
oRe) Hold, 73, AT Y olE Ry TS At e
TR Aot vk seukEke] Il Fua AFHY
Z(MHW - KNS, 20155 @R} 3 2]Fol W87
U AES 7H, 2EsHA Frkske 25T, 3, AEER
Z 5o vFe} Hold, 59, AY 5 o|d Ry FFoE
TUsHA Aolstar olom, et YRk o R AHshs B R
+ 21E0l FHrEosle Bt x2] Al JriEE e s
TES Utk =3 FFF] AV RS F oA H T
10:20%2 Ao, 21552] 2] 9 7Fs A JAriEe 271
o] AFe F o AF T 10%E FA 2E= Akt
Argel F8 FUoEe Ay, dgHg, B9, 9, &,
A, 55 AT T2 YegEt), fiof, obs, A4,
=Rl GRIE SR T 2 ATl wet SR AR S
2] 48 ZAZL ule- AlgE o nz Aoy HH7|E
< A=A edgheh w3 B AAFV1ES AIR1e 1Y oA
AF A 71 Hl&-E 71A I B o ah, 'HprskEe]

o)
=
o} P A= o] TS BIAD AL AL

l

2020 FRAZBAAE w2, Seuet 14 o] B
1Y AdF 2 584 2ol 194 ol A1) HHTFE 581 g©
2 Uepith WAke) 3% 615 g, IRk 739 551 gollen,
A2 A= 61.1 g, A3l AAk= 55.1 g2 YERHTHKorea
Disease Control and Prevention Agency, 2022). F=¢F 2013'd %
g IR 1Y FF AATE F 2.0 g0 2, dFEE By
6~114] 774 g, 12~184) 81.4 g, 19~294] 80.9 g, 30~494] 75.7
g 522 YEITE 2007'd $H2le] 1Y B AFH T 396
g, 20099 60.0 g, 20113 68.1 gO& &
T3] Z7F8Ia e FAlolth B3] YABAES B3
AHT G HHFED 7HAES B8 AAHE 3 AdFH el
A Z7REIgE, 3 S5 A% 7 ES B B3R
AZ o) 2007 33.1 goll A 20133 447 g0 2 IA 715190
o 20139 % F=}le] 19 33 FiollA FIRERE AA
2o] AR HIS-L 147%, 7FEAIES B3 B A3 T
AR HIE-L 89%E UEeH, 7HAES 58 3
o] Y AEFL eSS EH(11.1%), A EH10.9%), MH9.5%),
Y - AT SEB.0%)] =02 YERHATHMFDS, 2015).

il
ofl
T
2
£
o

B2 u, AAxA T go] TP ouixdos B
She @ daelv Be Aro] I FrhdHet HAAo]
= A0 2 ®HE 3l 9tFeig, 2010; Kosova, Auinger, &
Bremer, 2013). 379 Y A= 8, BFeHds 5
3} APo] T2 AoZ dHFH o (Carwile et al., 2015; Te
Morenga et al., 2014), HITE i, AEAA RS fdx) BA7}
AE Aoz A THLusting, 2010). =3+ F AFH7} E71
s 9AF A FTH AgTE FoHH oW (Walker &
Woodward, 1994), S35 5 {2l A3 sk 3771 B2
T5 X|opg-2] A7t EA] VERETHBurt et al., 1988). Chung
(2007)] A7olA FFF AAFH AAF oUA HIE0] 25%
ol w LDLEFE|2EE0] F7I5h= Ao 2 vepdon, &
FR7E AUA AFH A AR HIgo] SIS A
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7ol HYET FHEE Z/lehs A 22 UERITHKang
et al, 2013). FNAZFFERALE o] 83t 7H32ES B¢
DR AFet D sale] AHAS B3 Ay, JlalEe
2HHS] FF HHT] T EFY 10% ©13l A5 Hlwt
A 918 39%, THPL 66%, TS 41% o1 &
Ao g BUEJATHMIDS, 2016). H714e] A3 F7k= A
TAAS ] APEAN &S TTMFeH, 71 55 OF
Yol| 73] o dH Al 13] ola} AR AEAES A
APEo| ke AoE ZAE AT Yang et al., 2014). =
S A7 e Eo] T Gt By wiEel B dHThe
=8 Adle AFo] S8k AoE UERSTHWelsh &
Cunningham, 2011). 7}g--5 433l Hj3] ZI3E #A8E o]
431 mlEREAst A 71 S50 A7) B a5l ©
= Y AEER H2 2108 BN OH(Hu & Malik,
2010), PIH3E ojHolo) 71 S8 HHE ATt Aol
A= Ao Z ZAE AT Dubois, Farmer, Girard, & Peterson,
2007; Lim et al., 2009). SI#F] 73-9- @S89 AH4H REr}
1S sglEd, 7571 9 o] 84 FAAY, FE
o] Frlete A 0E ZAENCH, SRS T 43
ot A Alddle tARS ] AP =T} 4% Eolthe
AT B 1% tHHa, Joung, & Song, 2016).

o
I

mr A

0.

1. &7 e

B A= A671(2013-20153), A77] 12Pd =(201613)<]
TUNARFIEAEE Tt 283t om, 7194 o
A =S thdoE EAETh tidRke AR AL
<Figure 1>3} 2t} o] 7I3tel] SB= = 194 oo thidAl=
Z 2441690]1%0.01, o] Fol|x ARl o R/E F3tuA}
19 43 FaFo] 500 keal PTro]AL: 5,000 keal 271 Al
I FEARI] 8ART BRI thi ke A ekt gk 91
ARSI W, 117 B W AAE B Wl oisl 2=

s

N

£ 7HI e AFEE A9IEk] 16,656 0] AR EH AT
F VIR B, 1Y, o IXNAEE, HEF AT
% BAFOE AISAY o] A8 BHd okES
Egdhe AT Y, A% Y, e A i TTE

AR} R 21 73] it 64699
Aejste] F 10,1878 HE AW IAR Sk 2 A
Tl ARSE FRIAZFYURA A= 2013 ~ 20140l = &
B R AaedeleldE e Sl ol £ H AT
(913 2013-07CON-03-4C, 2013-12EXP-03-5C), 2015 ~
2016\ d¢l= A& Az Alls 2 B Al Az
AR Al sl wheh ATFEE)ile] e ds)e] AoE A gar
TR = Ak

2. 97 Uig 3 U

D a4

ZA AL AukA ARERS B el ARG d=A
o] AEzA AR T A, W A%, 7S, AFAY, 1%
FE FA AR F oF 5 97 ASE ARSIt
B Aol w194 o & o R S, IASS
7S 429158 ARt 8l 3l £, o Ul

o
W
Y
®
Of

ST NS5, & - W AT o} E ol gsio]
=

VAZYEAL 1% T2 AT Z=E A3l 255l
4, S 4, 5w £ 1Ea digh Y opde

°
o

2) AAAS 4 Bk A=

Aol #9848 vetshr] sl =R EYd=
ARe] AR AL T A AZ, B 983 AAREE ARt
Ak BMI= AA AlS AR F A AlFE o83t ike
shom, BERuTE selEdY FAE o83t WAE



Participants in the 2013-2016 Korea National Health
and Nutrition Examination Surveys

» Missing data on demographic variables or lifestyle variables
* Missing data on anthropometric assessment or biochemical test

« Diagnosed with hypertension, diabetes, or dyslipidemia or treated

(n=31,098)
- » (n=6,682 excluded)
* Age >19 years old
(7=7,760 excluded)
« Energy intake <500kcal or >5,000kcal
> . Fasting time <8 hours before blood test
(n=5,487 excluded)
>
with medications
(=982 excluded)
> . Diagnosed with cancer
* Pregnant or lactating women

The final sample included in this study

(=10,187)

Figure 1.
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Ao 4 TEE 14 AF =2, 27 4
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ELL] ol$o1z4 shed, 4% soE 439 o)

o

33 A1 F FuE dAE) B g

BR3] 9% T g2 FHolgith £ A4 R
tloleHlo] 2 23S 8l A8 A% =+ 2013~2016'd
A AAE FU073G A A Z28E 2,65971¢] 12
TEIIH o, GR dojEHol e
$AH o= o] gataL 11 9] AFel
9] ZARES )48 6}9&5}

AF FEE TIE
718F 0% Sy AsE
tisiAlE=

Administration, 2015)9] B &2 ©]-83t3th o] & AlFY

Bl Y AT BRI £ AL HES 322 5

FEAES] A5 FR vkl 4% 9 DB H o

ZAL Aol £5H 71aAE B DBE $XE o= o) 88)
SATHMFDS, 2015). 1 9ol B/ 3+ A5} fle A5s2

2R AR s oM, AEAA " e AEEY
A DB G5 AF=2} USDA G5 wlo]Eful|o] 2~ 2015(United
States Department of Agriculture [USDA], 2015)2] %2 AR8-3}
Atk o9l B Tl fle AFY Afole 5Y AF
ol &3 AR A5 2R gl SR T Y B
slE St Ao AR, dE 58 aeske] IRl
21352 B DB} A FAEE, AF
3htate] BZSISiTh

B ZAPIA AR 2659719 A% 7 YRS ES
75470(28.36%) R, 71E-A1E-2 1,90570(71.64%) AT, A
5 S dlo|Ef ol o] &3t A
67971(25.54%) A2 H, AL 21F= o] 83t BEg A2 75

M282%)J I, 7F-21F T EHAAE o]83 AL 1,897

BANF T 7€ BRHE T

(71.15%), FrAF 215 o] 831 253 A& 1371(0.49%) Tk

5) g5 44

Sl A AAFH7IEMHW - KNS, 2015914 1Y &
R AHAFE T AFH EF iVl 10-20% o= AFkstar
ULt mEpA] B AFAE B dlojEuel s 75 & B
AHAFS AR & S FESATE A &
=Rl Fdax AHNE T IR AFNES VR0 fs}al,
Z AURAAEHF T SRERLE ] HFH ool 20% o<l
T3 20% HIRR] o2 EFSle] i AHTH tAES

T AEJIAES] ARAYS vl E=3 FF AF ol
2 AT HAE dokr] st uldAE 2
F AT o 38R vre] £/ F oi ST A9
ARSI ARAS vkt

L

0) ¥T¥x A

oAk Gda AFHE ANARDERA AE F
W 24XA7E 3PS o) &3le] ALY AR S Bglo] AEs)
Sk G oA Ao we} R, geests, T,
A, 4, <L, A UrE , HIEHA, Eloldl, gjRZem), Yo}
A, HIERICY] AFHHE WAL, & A3 oluA oivl &
F3HE, i, Ao 2 REIO| oA] A HIE-S A8
Aok A AAH AAHEE B Hall 1Y AHEE o
Zke] Aga} Aol Bekshe P PAAdH 71 FMHW -
KNS, 2015)3} Hlwsle] G2 oulx] =g g, child
Z4g, <L, A, vIER A, Elobe, glREE], Yolal, vlE]
C & WHAHE UEF, 252 8 A3 T g di-g

2 UehhSis

EssixEAE 2ol Al 5
AR =S X}E— Z-83le] FshAE, FHF, VA 5
< TSte] E3EEAAA el whe} SAS 9.4(Statistical
Analysis System ver. 9.4, SAS Institute Inc., Cary, NC, USA)&



AHgatol BT A A F B LA )
2 YNk ARghe WIEel % AABHT, Rao-Scott Chi-
square WS o] 8a}al 48  1ke] Aol 2 AT 7

AR F &7 ANUALFH 2 ASST AP Al gk
FES A 3 T A2 3|7 (logistic
regression analysis)S AR&-3}d 1 2}H](odds ratio, OR)2} 95%
A ZT7H95% confidence interval, 95% CI)yS T-3I3TH @5
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U o) FAHOE frold
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At

o3

ZAVIAE ] Uukd AlkS JERH A <Table 1>
2t} HA IREY] BHEAH-E 40344900, AEE v
WA R ANURAHET} 20% wRHR] 2FAAE A
(53.03%)°] B A VERZAIT, 20% o131 IFollile o4
(63.29%)°] T E=A] YERATHp<0.001).
A5 H] 20% HIRRID TRAE F230] 65.51%2 HERSA]

EETFES G oY

Table 1. General characteristics of the subjects according to sugar intake

Sugar intake (% of energy)

Total

Variable (n=10,187) <20% >20% X
(=7,871) (7=2,316)
Age (years) 40.3440.18° 40.39+0.20 40.15+0.34 0.66°
BMI (kg/m’) 23.40+0.04 23.47+0.05 23.15+0.09 335"
Sex
Male 4319(49.38) 3625(53.03) 694(36.71) 137.88"
Female 5868(50.62) 4246(46.97) 1622(63.29)
Household income level
Low 1087( 9.56) 885( 9.87) 202( 8.46) 18.18™
Mid-low 2469(24.02) 1956(24.62) 513(21.94)
Mid-high 3216(32.50) 2519(32.81) 697(31.41)
High 3415(33.93) 2511(32.70) 904(38.19)
Residential area
Rural 1513(12.92) 1182(13.01) 331(12.62) 1.88
Urban 3956(39.20) 3082(39.58) 874(37.89)
Metropolitan 4718(47.88) 3607(47.41) 1111(49.49)
Education level
Elementary or less 1061( 7.15) 874( 7.55) 187( 5.75) 7.82
Middle school 770( 6.28) 603( 6.24) 167( 6.42)
High school 3909(41.49) 2986(41.37) 923(41.92)
College or more 4447(45.09) 3408(44.85) 1039(45.91)
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Table 1. Continued

Sugar intake (% of energy)

Variable (n:;(;tilsn >20% P
(=17,871) (7=2,316)

Smoking status
Yes 1998(22.83) 1699(24.83) 299(15.89) 52.81™
No 8189(77.17) 6172(75.17) 2017(84.11)

Drinking status
Yes 6054(63.08) 4911(65.89) 1143(53.33) 88.74™
No 4133(36.92) 2960(34.11) 1173(46.67)

Physical activity
Yes 4021(40.75) 3030(39.99) 991(43.42) 6.81"
No 6166(59.25) 4841(60.02) 1325(56.58)

? MeantSE

> M%)

¢ t-test in complex sample survey data analysis between two groups.

4 Chi-square test in complex sample survey data analysis between two groups

("p<0.01, ""p<0.001).

Tk 20% )42 IFlME 69.60%F YERSTHp<0.001). &
AL0] A 20% HPF] T15(24.83%)°] 20% o)Al &
(15.89%)HTF =%3(p<0.001), 258 TS 20% FINHI &
(65.89%)°] 20% ©17dQ] T15E(53.33%)°ll B3] =A YEelst
(p<0.001). ¥HH 252] 73 20% ©142 15 (43.42%)°] 20%
o]a}el T18(39.99%)°ll BIs A YERSTHp<0.01).

T AFF Aye] AAE B FIE AFoA
(Laguna et al, 2021) BF AF#Fo] ¥ IF0] =2 IFHE
o A& S50 A Ve B ATe) it AnE
B} 3= A9lE tlo 2 g Seo 91(2019)2] AT
A9 A A8 5782 B URAAgF R 20% o]
31 25F0] 20% 2RI IFRT ¥ A e} £ A
Az} XKk & AFellA] G5 URAEFHRZE20% m
BRI dFllAE EAgdol B wWekom, 20% ol 1EellAl
oAo] B A Yehed, o8 A7E wiysie] %
F A A 25 A A F ALETES TS 1EY

AUSAE APe] PR Ao=E H]ITE

rr

oft

2. QYA 43

B AUAEH N 20% o1 1FF 20% mIRE 159 9
WA AF L <Table 2> AAISIGT BF oAlLix|44F 4]
20% W1 1F0] B Bol A3 GUde AU (p<0.001),
Tl (p<0.001), AH(p<0.001), LEF(p<0.001)°]1 01, 20%
oPdRl 2Fo] T Bol AF e YUhe BSEp<0.001), Z
F(p<0.001), ZE(p<0.001), HIEHIA (p<0.001), 2HZ}H]
(p<0.001), HIEFIC(p<0.001)E VFEFT). <Figure 2>= ZA)
3R] Goda HHTFE FUA AF71F UIst Bl E 4
ste] FRERE AT AUATE 20% o1 15T 20%
neel 750 2 Uro] uiwdlk Aol whlEp<0.001)3 Y
EFp<0.001)2] AT, SREFE A A7} 20% w9t
Q1 250l Ui AF7IE ik vlgo] T EA UERtS
o, Z(p<0.001), H(p<0.05), ZE(p<0.001), HIEFIA(p<0.001),
ZHEZH(p<0.001), HIEFUC(p<0.001)2] ¢ FFZHE
A3 AllUA7E 20% o131 TFe] Y¥a 371l dig
Hgo] o A4 Yehgth

Lee £](2014)2] ATolA Q7 AUA AH HIE©] 20%
ol FellAle oA, T, A, JEF, Yolile] 4
7} frejHog has] B ATt fARE Ade B w9
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Table 2. Nutrients intake of the subjects according to sugar intake

Sugar intake (% of energy)

Variable <20% >20% t-value®
(=7,871) (n=2,316)
Energy (kcal)’ 2102.10+11.64¢ 2010.17+19.32 425"
Sugar ()’ 61.36+0.39 133.95+1.00 -69.42"™
Carbohydrate (g) 305.09+1.10 344.85+1.77 21.94™
Protein (g) 76.50£0.36 70.010.62 9.87
Fat (g) 51.98+0.35 48.0240.52 7.08™
Calcium (mg) 475.3843.27 551.91+7.28 9.85™
Phosphus (mg) 1108.66:4.24 1117.40+7.96 -1.03
Iron (mg) 17.28+0.14 17.51+0.23 -0.87
Sodium (mg) 4117.40+29.77 3804.30+52.19 5.54™
Potassium (mg) 2987.13+15.25 3554.67+39.10 -16.78™
Vitamin A (ugRE) 704.55£12.21 867.41+40.42 -4.05™
Thiamin (mg) 2.09+0.01 2.07+0.02 0.67
Rivoflavin (mg) 1.43+0.01 1.50+0.02 431"
Niacin (mg) 17.19£0.10 16.95:0.17 1.34
Vitamin C (mg) 74.38+1.21 170.08+4.48 -21.80™"
Carbohydrate (% E)° 62.4240.16 67.19+0.26 -17.56™
Protein (% E) 15.200.07 13.13+0.11 17.67™
Fat (% E) 22.38+0.13 19.68+0.21 11.93™

* Adjusted for BMI, sex, age, residential area, education level, household income, smoking, alcohol drinking and physical activity.
" Adjusted for total energy intake, BMI, sex, age, residential area, education level, household income, smoking, alcohol drinking and physical activity.

hx

¢ ttest in complex sample survey data analysis between two groups (* p<0.001).

¢ Mean+SE

¢ Energy contribution from macronutrients was obtained by expressing energy from macronutrients as percentage of total energy intake.

Seo £](2019)2] ATFANME FFF AAAHEHR] 20% =70
oA e BT erstEe] A7 20% PRl TR =
Al Ueht B Ao} vlszet AT, et A A9
7eolle FGF oA 1 20% FITRITA Y 2
A YR} £ A7) 2lolE BT Ko, Kim Lee(2015)2]
ATA, eVt 258 F F AUA AFHF F TR
A QoA o UA] HlEo] 20% o1l 7S 20% gkl o)
AR 3 Yol o] HFE fojHos e Ao Ve
W, ols B A7 tidAEe] d¥ol th2r] wiie|
zfo]7} Rt 2102 Helth =3t GRFo AHFNoEE
2ake] A @A o2 Hrlsr) 7t FE7] Wi YdAa
7S SElAE B AdHETe R Hrlsh| Rk J9 4
FY AF= A e Eolok & Ao =T HTh

3. @R HFe UAEEE #E XH

IR oA gH RIS BF AdF T uet ZAIAES
BRalo tAEET B A gk ABAEL AXNG A=
<Table 3> 2t} B olUAAHHM] 20% P9 159 5
7182(p<0.05)7 FAAHp<0.001)S GF ARG F 0
20% o3l IFRT A YEisteH, BML, slElEd, ol¢
7] €3}, FEEY J8]1 HDL FYAEHSLS F 15 7k fo
gk Aol Kol it BFF AHFS 3RE S
o) B AdF e 7P W OFe] 518k B A3
o) 71 e IFRT #A Uehe ATE BAtp for
trend=0.01). 1 2} BM], 3{2lEd, o118, 35EY, HDL
FH2HE, T8 Aeole T A4F el et frelet
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[1<20% 220% *p<0.05 7 p<0.001

* % of dietary reference intakes for Koreans
Energy; estimated energy requirement, Protein, Ca, P and Fe, Vitamin A, Thiamin, Riboflavin, Niacin, Vitamin C; estimated recommended nutrient intake
(RNI), Potassium, Sodium; estimated adequate intake (AI)

® %4 KDRI of energy were adjustment for BMI, sex, age, residential area, education level, household income, smoking, alcohol drinking and physical activity.

¢ % KDRI of nutrients were adjustment for total energy intake, BMI, sex, age, residential area, education level, household income, smoking, alcohol drinking
and physical activity.

¢ ftest in complex sample survey data analysis between two groups (p<0.05, ~p<0.001).

Figure 2. % KDRI of nutrient intake according to sugar intake

Table 3. Metabolic syndrome risk factors by sugar intake

Sugar intake (% of energy) Tertile of sugar intake (g/day)
<20% =l t-value” Tl 2 13 p for trend”
(=17,871) (r=2,316) (49.88) (49.88-84.87) (84.87<)

BMI (kg/m2) 23.4240.05%  23.37+0.09 0.53 23.5240.07 23.4440.07 23.38+0.07 0.13
Waist circumstance (cm)” 80.04+0.08 79.8440.12 1.73 80.17+0.11 80.06+0.10 80.16+0.11 0.96
SBP (mmHg)* 113.9440.19  113.32+0.29 1.98" 113914026  113.42+0.24  112.97+0.25 0.01
DBP (mmHg) 74.52+0.14 74.22+0.22 1.30 74.99+0.19 74.94+0.20 74.62+0.20 0.13
Fasting glucose (mg/dl) 94.35+0.19 94.21+0.47 0.29 94.76+0.29 94.79+0.27 94.25+0.35 0.28
HDL-cholesterol (mg/dl) 52.01+0.16 51.74+0.30 0.86 52.37+0.21 51.72+0.23 52.00+0.23 0.26
Triglycerides (mg/dl) 127.20£1.48  119.80+2.14 338" 129914234 128.64+2.11  124.06£1.97 0.05

* ftest in complex sample survey data analysis between two groups ((p<0.05, ~*p<0.001)

® p for trends were calculated using a general linear regression.

¢ Adjusted for sex, age, residential area, education level, household income, smoking, alcohol drinking and physical activity.

4 Adjusted for BMI, sex, age, residential area, education level, household income, smoking, alcohol drinking and physical activity.
¢ SBP: Systolic blood pressure

" DBP: Diastolic blood pressure

& Mean+SE

ABAE HolA| it o] I7Fhe A B om, ogzle] 9ol 9] e,
35-65412] 3= Q1S U o2 3 AKShin et al., 2018) BMI, 4R, ZREGo] Zylel= A3S Bk =3
ol 71gEEe] AF7T S7FEE dRke) - ole] Est 40-6941] - Q1S thaFo 2§ A7KSeo et al., 2019)014]
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Table 4. Multivariable—adjusted odds ratios for metabolic syndrome and its components according to sugar intake?

Sugar intake (% of energy)

Tertile of sugar intake (g/day)

Variable <20% >20% T1 T2 T3
(=7,871) (1=2,316) (£49.88) (49.88-84.87) (84.87<) p for trend

Elevated fasting glucose

Model 1° 1.00 1.31(1.15-1.51 1.00 1.08(0.95-1.24)° 1.25(1.09-1.44) 0.00

Model 2° 1.00 1.16(1.00-1.34) 1.00 1.01(0.88-1.17) 1.18(1.01-1.37) 0.04

Model 3¢ 1.00 1.15(0.99-1.33) 1.00 1.00(0.87-1.16) 1.16(0.99-1.35) 0.07
Elevated blood pressure

Model 1 1.00 1.52(1.32-1.75) 1.00 1.13(0.99-1.28) 1.26(1.10-1.44) 0.00

Model 2 1.00 1.27(1.09-1.47) 1.00 1.06(0.92-1.22) 1.19(1.03-1.38) 0.02

Model 3 1.00 1.26(1.08-1.47) 1.00 1.05(0.91-1.21) 1.17(1.01-1.36) 0.04
Reduced HDL cholesterol

Model 1 1.00 0.93(0.82-1.05) 1.00 0.98(0.87-1.09) 1.04(0.93-1.18) 0.48

Model 2 1.00 1.03(0.91-1.16) 1.00 0.93(0.83-1.05) 0.96(0.85-1.09) 0.56

Model 3 1.00 1.02(0.89-1.16) 1.00 0.92(0.82-1.03) 0.94(0.83-1.07) 0.36
Elevated triglycerides

Model 1 1.00 1.43(1.25-1.63) 1.00 0.97(0.85-1.10) 1.04(0.91-1.19) 0.54

Model 2 1.00 1.13(0.98-1.30) 1.00 0.95(0.83-1.09) 1.04(0.90-1.20) 0.54

Model 3 1.00 1.11(0.96-1.29) 1.00 0.93(0.80-1.07) 1.01(0.87-1.17) 0.93
Increased waist circumference

Model 1 1.00 1.24(1.08-1.43) 1.00 1.09(0.95-1.24) 1.16(1.02-1.33) 0.03

Model 2 1.00 1.11(0.96-1.28) 1.00 1.04(0.91-1.19) 1.12(0.98-1.29) 0.10

Model 3 1.00 1.06(0.85-1.32) 1.00 0.94(0.76-1.16) 0.98(0.78-1.23) 0.84
Metabolic syndrome’

Model 1 1.00 1.32(1.13-1.54) 1.00 1.11(0.96-1.29) 1.27(1.09-1.48) 0.00

Model 2 1.00 1.12(0.96-1.32) 1.00 1.05(0.90-1.23) 1.19(1.02-1.40) 0.03

Model 3 1.00 1.11(0.93-1.34) 1.00 1.02(0.85-1.22) 1.15(0.95-1.40) 0.15

* OR, 95% CI were obtained from the multiple logistic regression and p for trends were calculated using a general linear regression.

® Model 1, crude.

¢ Model 2, adjusted for sex, age, residential area, education level, household income, smoking, alcohol drinking and physical activity.
4 Model 3, adjusted for BMI, sex, age, residential area, education level, household income, smoking, alcohol drinking and physical activity.

€ OR(95CI); OR = odds ratio; CI = confidence interval

f Definition of metabolic syndrome (three or more abnormalities): increased waist circumference (>90 cm for men and >85 cm for women), elevated triglycerides
(>150 mg/dL), reduced HDL cholesterol (<40 mg/dL for men and <50 mg/dL for women), elevated blood pressure (SBP >130 mm Hg or DBP >85 mm Hg),

or elevated fasting glucose (>100 mg/dL)
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