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Diet and Metabolic Disease Risk by Perceived Stress Level in Korean Adult Women
Mi Hyun Kim*
Department of Food and Development, Kyungil University

Abstract

Dietary components can modulate stress, inflammatory indicators, and health risk. This study examined the relationship
among diet, metabolic disease risk, and perceived stress in Korean adult females using the 2017-2018 Korea National
Health and Nutrition Examination Survey. A total of 4,353 adult women aged 19-64 years were classified into four groups
according to perceived stress level: very high stress group (VHSG, n=225), high stress group (HSG, n=1,079), moderate
stress group (MSG, n=2,532), and low stress group (LSG, n=517). Data collection included the sociodemographics,
anthropometrics, blood profile, and dietary survey. After adjusting for covariates, those in the VHSG had a higher body
mass index (p=0.013) and obesity rate (p=0.053) with a shorter sleep time than the LSG group. The VHSG also tended
to have a higher plasma LDL-cholesterol, hsC-reactive protein and lower levels of HDL-cholesterol, vitamin A, and vitamin
E than the low stress group. High stress subjects demonstrated increased breakfast skipping frequency (p<0.0001),
decreased fiber intake (p=0.001), potassium (p=0.041), and vitamin A (p=0.011) than the low stress ones. Therefore the
perceived stress level was associated with the inflammatory indicators, obesity, and lack of anti-inflammatory or antioxidant
nutrients. The dietary components may be an important mediator of stress and metabolic disease.

Key Words : Diet, inflammation, metabolic disease, obesity, stress

LA 2 7kt e, 20179% A3 Q1 AR 2EH X QA&
S 324%2 Ao 288% HUF EA YERTHKorea

2E# X(stress)= 202 AAE - SAH 7P} o Centers for Disease Control & Prevention 2018).
4 7MeelE e A=l diste] defel Hy AdElE At ZEHEE A9 APS STRITIAL AAIES A
7] $18l wslol] A sl vk o AojEnt. duls B3t 7% 2 - A em A5 Aol E7F] (proinflammatory
Sk ARS8} tiQIAA Foll oJsliA AlEEC] B AEF cytokine)?l S F7MAITAL LA S Tk(Kiecolt-
25 o Aolrkal Qi) 925 HIES B4 Fo= Glaser et al. 2003; Glaser & Kiecolt-Glaser 2005). H=3F
olal) ARB|AAZ Hdo] Z7tstal BAAZe] F8 44 o) 2EZ 2 2k 2Ed| 2 (oxidative stress)S ZZIA]7] 3L
gk ql2jo] FTIRtel wet 7P R oY AR Fall A4 B AIETIRI S7Hl T83 98-S sle 548 A
ol FHEEeIU AR ARG s B2 AU £ 243} AT AAES HES, I, o T4 2
A FES AABEL AthJeon 2016). & SEyete] APgol 13915 2K sk $)+=H (Statistics
vl SRS ERA I BAa A Fol 2E Korea 2019), o|213t Ae=2 BF @50l w7t HER
g5 s ol e 52 Bo] e Al 28 ZEg 2o o3t A58 =49 SUhe tiid dEe]

= 34T 2EY S XSS RS vk v 194 7 DR AEAgo] Sl

o] ARle] 2EH A AAES AVEY dArd w I tAbd Zgke] 910 G VA= 2] adEe] A
HE YA A 7d7F s8] Fslal Ak AdQle] & o] FolME HAks o] ATES FE A AEY
EF & AAEL 20109 28.7%C14] 2017 = 30.6%= 22, NF-xB &4 2 d3A4 Alo|EFR AL xAsle] o
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A ARE WASAZE F okl BAE AL ATH(Lopez-
Garcia et al. 2004; Giugliano et al. 2006; Lairon et al.
2007). S, Al Sesher, ZSAAE 8L B
o Ggol Ea OPI7L3 Ak FASIERY, Aol
Fol A AAE P2 W GFukge] FAwUckn dh
(Giugliano et al. 2006). Nurses’ Health Study (Lopez-
Garcia et al. 2004)914+= &7, 75, 97, A9 37
o] T AALE @ Fol AU, A, FH, AN 2 A
5o ghgo] e AR 7R el Ws) 2H C-
reactive protein (CRP), Interleukin-6 (IL-6), soluble
Intercellular Adhesion Molecule-1 (SICAM-1) 2 soluble
Vascular Adhesion Molecule-1 (sVCAM-1) 5¢] $=0] #
oleiAl E= Tk L ZSAY AAtel] ks AAE H7t
Sis ol AL HARR 1E A5 A vRg-S SAA
7l Ao Z YEPEO W (Giugliano et al. 2006), $-253 2
Eg| o] gk AS8l4] AAke] ] g3E BAgh A
% 9lth(Sanchez-Villegas et al. 2009). =3+ E3}x|Ho] =
e XS SIS W Az el €% S8R AV 5
7¥ete] = AIZE E1F fAIEE B dEe 2 W
IL-69F CRP9} 7+ 95748 45 S7HIA Al 28 Br,
AR S, HIYE 2 AdaAdge] 98S S7MRITAL
319 tH(Lairon et al. 2007).

o] gloll= REHAE AF AYox JFe nxith 5,
9= 3 Brlgole] oz} tgisES U= 3 A
A ZEHZ Q1A ATt B dPdRtEe] Ao 2EHAE
WA oFethal S i dRtET & 32, I AEFES §
ol AFstx Ao Ad} AL HIAZFS FUH
(Mikolajezyk et al. 2009).

ZEd 20} G HF Aeiste] AR
E& QA 2Ed20) AT L T dae] B
el BHE =R A gl eItk ER ANAY B
A A Agel whet ARRAAIA 1A, Ak B A F 2
ol v=EH, F8 BA7 A3oM o] FA R oF 2
v A% =2 FHES HolBE 2 dAfois REH X9
24 g G A g 71 x2ATR vt ¥ 194 o]
& A ARE e sle] Wi AgelM Eglo] =7
© 2EH S QIA] Axe] wE AAE FdIt thakd 2k
el AEAEE Fetstart st

bl

a7+ Hg 9 9

1. A} CHAH

2 dA7e v BEAREAD Al 7] SRS
ZAHKorea National Health and Nutrition Examination
Survey)] 1, 2XPd%=(2017-2018) YAIAE S Wisle] &
28} tH(Korea Center for Disease Control and Prevention
2020). Al 771 FUAAGGEA = 2010 QJATFFEHIT A

A5} FEFHTAFE AHF(2011-2014)F B2 FE2ER
1Ak Al 77158 22 AR ol =29, 2, 2%

SO AAF =Rl 7 T2 AlQstal AlEFEHoE
S 7HEE ARSI 7 W R 1A o] BE T
B P T =
IAPAES} 22 P ZFE o] AA| At 16,119% FolA
TEO19MIOlA 644 Atele] Al thidAE 7,913 (AT
3,377, A7 4,536%)°10th. o] FellA 4l ArE &
Aol AR AR B ARk Alel x2S
HEF, A2, 4S9 45 eI, 1, i,
Wk, A, AR, S, 7IE ¢heE Xk whe
Abat AP FH AL 257} fle tidRkelth Al AL &
oM fle] Alelzel sFehs 1838 AT 4,3538E
HE A7HIAE AR sk

AN AR BAa GG Tl wrle 2Ed X 9
A el wet 4208 BRI F, oids] 8ol =7
ool $Ee tPdRks 2E# S 23U (very high stress
group, VHSG, n=225), ‘Zo] »7]& Ho|th= 2E# X~ I
©1#] - (high stress group, HSG, n=1079), ‘=& 7] #
oltf= 2EH 2 FAAE(moderate stress group, MSG,
n=2532), ‘A9 A gethe 2Ed 2 A AAE(low
stress group, LSG, n=517)2.2 &3ttt & Atol|A] o]
&3 Al 7] FRAGG SR R A ET AFEEA
o) 9193] 218 ot FYEUATH2018-01-03-P-A).

o

Mo ke R

Jo

AMAFOo T AR B &5, WESF, 9
7o, WAl §AL, AABE, 73 k% Fa TR
2 AR A5 7FTAS ARASE &, T3, 34,
oz wRIe] 2ARAL, WEFES FUS @ o
2 55, FH, AT, FIE o GYoR ARFE A5
o8Itk AABEL fAkk AAEF LWL AYH
WSS AT 9FU FHE AADES 243 30
B ool Ei WPE AATES IR 15E o) B F
st 2w AABES HolAl 2 Bsol s A

3. AR, Bot Y B0 A A}
AAAZZA} GEo ZAI A A%, A%, sleE
o, ARBASE BHGT. e HF 537199 2

Fo) 4 24} FERe WY FRA2HE, T, B

2] ¥, LDL-Z¥ 28| &, HDL-Z¥Z=H| &, high sensitive
C-reactive protein (hsCRP), &% HJE}T A E HIEIR] E9



ke 519tk HDL-Z28|2H1E 3= 20179 =314
FAGRARE = A3 S AFESHA] ¢k FA Ajeke] W
HEZA ke NIST 222 APA st B4 702 A
L3t

O~

2EYE Q1A Axo] mE tiabd Ao HiE 9 93 o
F5 BA817] S8l ARee A8 Adk 7 RAddd
ZAbl AAE 7IEs A& e o3t Zh(Korea
Center for Disease Control and Prevention 2020). © 2 &
¢t 289, 2718994 >140 mmHg F5 ©] 9718 %>90
mmHg = X3¢ o= ; LS AGA|, o] of
Y37, 120 mmHg< 757189} <140 mmHg, 80 mmHg< ©]$+
718%<90 mmHG; st ALk AT o,
120 mmHg> %718 0]¢7]&9<80 mmHg @ H] gk
AAF, 18.5 kg/m* < AAZA G A2, 18.5 kg/m’< A DA
<23 kg/m*;, HAIF,

[o]
25 kgm*<AZZAG @
k=]

d

N
2 o

il

B

]Ig o_|>_‘,
u
o R k]

5 mx
ofl =

o ) 126 mg/dLs 3EY

g/’ <A F A <25 kg/m?; ] T,
9, oAb ek o FPTsA] g S-S QIEUFAL F

oft

of; FHETHN, Tl ol 100 mgdl<s T HET
<126 mg/dL; B, S FEIGN 7} ol v F5E
<100 mg/dL @ AFHHETS: A7 oY FES &
FZY 2820 240 mg/dL oY Z-2 Fe|~HE S &
& © IFHALES: 12407 oY FES & Ao

200 mg/dL ©)4F

4. AT} G M5 TA}
oAl BRI AAgRASh 2407 B 24} 2
5 olgslel BT ABRAE A2 19 F
15 ol ol RAAL K, A 19 F9 15 o)Ak HAAA
1]

e, 2 1d &9 15 o AYAAL R, 943l 9
H 19 5%t 25 o Ao|HFA| HEoRE HAH| WS
At

A= Fda AHE I AdFHN o3k FFE wl
Ask7] sl A3 D 1,000 keal G FUE AF o 3
Abste] AR HE sttt 22|al el g F 7
F(Ministry of Health and Welfare 2015)°] HZ Q3

3

ol

(estimated average requirement)®] A= o] Y&
ool H[GEA HF sk tdAte] Hl&S Jotete] ZA

AR R BT,

5. EA|XE|

B Aol kg e+ Statistical Package for the Social
Science Program (ver. 22, IBM Corp., USA)C.2 #2435}
o}, AT GRA RS S8 e A (two-stage stratified
cluster sampling)g 283t FEZAPO|BZ 2 AtoA] 2}
5 B Al B33 EEA (complex samples)yS SFaL, w4k
FAT, JgFEHT 2 9 24 7eAE Fsiit

. ZAFNSARS] LRALR), A xA B2 Chi-square test

=

3

hva
ar, &2

==
ml
S
>
o
I

=

linear regressions ©]-8-3F31. 01 W

A AA BT BE 5] das Hdd EFEeaE
AAEIR o™ frod A7 (p<0.05y% sH

=]
ZAfdAte] ARk 4] 7R <Table 1> 141519

oh A EA] Yol & 2E# 2 1R A wE) e
m, 2Eg 2 ZVAFE(VHSGP] 39.8+1.042 7 wst
5

a1, Z2E#F 2 ARIAIHLSGPNA 46.2+0. 7412 7S =4 o
ERATH(p<0.0001). ZAFCH AL A o] 2E 2 Q1A &(H 4
WAL Fof] ZEHZEE UTs] Bo]” T ol W=
TE) 31.1% oItk A A} ol 2E#ZE 2390
A& 5.3+04%5 AL, AQAATES 25.8+0.8%, T3
A& 57.8+0.9%, AANAEE 11.0+0.5% ©1RoH, thdAt

o] At w7} 2E#E FAA] o £33 THp<0.0001).
B AT AR AR RS A5FEC] 55TE &
Ef A Q1A Eo] WEOH (p=0.007), 2EH A 2R 7
ZZF H|go] &1 AFolde] Hlgo] thE 2Fd sl B
ATHP=0.001). FESF FHZ 119 < g Dol 1%+ o) &5
sk BHlE2 AR A 7P Sl UERITHp=0.017). &
A FAEL AJATE, SAAE, AQIAFE, ZIRMAITE =2
2 EUTHP<0.0001). ZE ollA] thdRle] 46% oldo]
Aha 52 skal e, REH A QIA] A WE
=

SR E(6.7+0.1), LA TE(6.9+0.1), FS1A74(7.1+0.3), A
AA(7.2+£0.1) =22 ERlo] QIX|el= 2EH 2 HErt
ES5E T35 Ho FEAITRe] FTHp<0.0001).

B AFdMs 2EY 2 QA Amrt 2245 AN
A2l yol7t o) oz Wkt 201420159 =177+
ZAF ARE o838t gt ARl AdeA] 2E#Z Q1A A
Lol e JgAi HHAEE 2493 A7 (Bae 2017014 =
2EY 2 TARFEF TR oA A AR+ & H]Q1A] 7]
H|gl Aol oyt B3t Barrington et al. (2012)
o] A v|vtzE o] it ul= AFle tigo R gk A
TFAME oz vhe AfSor 2EH X A =
7} ol & AT At fAFRIGAT B AFdRES &
EYZ QA ET} 2 oA AR R 2 vE
o] Eron, U7 278 2 Al A&l =4 YEth
Bae(2017)2] AtelM= d=F A2 o449 HAEs dH,
WEFE, THIARE, 438 A7 Wl 2EH 2 Q1A A
Lol wE folgh xfolE HolR] o, d FAzke] v

i
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=7 veht 2

At
AolA ZARREAES] F5 B
= QA AE7E 2545 A2 Z10® UERth Kashani
et al.(2011) 18-904 Atole] st Q1E3 =2E& 7H
e 35088 gire = /\Eaﬂ/\ cd;qg]_ zl:uqz}oﬂoﬂ thal &
AEATE 2EH A QIR Eo] A Q1X|F| vl AlF RS
sl2]=d], hsCRP7} 5710} lew, = AJ7ko] &
HEE7F om FHo Ho| Aatd AR Yeht &
Efa AE7F el of AdEo] glom olg dATt
2E#| 29} A¥AASTe] ARl T2 viZiAIZE D A
© 2 B ~E# A= hypothalamus-pituitary-adrenal
Zo o8 ~E# 2~ 29 FE]E(cortisol)F of| ¥z
(epinephrine) H|E SV OE AE A4S A|=Ho) 5
2L 9L vHE oz B Jtk(Kubzansky & Adler
2010). Hamer et al. (2008)2 <Atol|A] A E#AZ3sle] 99
S Z7M71E QAF FollA hsCRP(5.5%)°01u 28 (13%)
34. 7E_0‘ hgaxgg]zﬂxq O]X}EE]- sgizslxq o]x],_(Ok 65%)°]
=

Apske FAL] Vg olelol A

O o

e rlo

Hi&

ng_— FFE AT STk ek oy P Qlxt
]Z_].b__ 23 7O Ag INHS W &
7} golythe B % At(Eliasson et al.

ZL"HL /\Eﬂﬂ/\ﬂ' ozt Aldy-dglo)

2. AMAE X E EM

2EHE A AR WE A= AAAS AR &
A A= <Table 2>9F 7Tl A13p=0.001)2F AF
(p=0.010y> Z=E# = 1A &o] ¥ F (VHSG HSG)l
HJ3l FAA G ARJIA A e & B dEE
e 2EHE 1A 25 mE folgk Zfo|7t fiiTh. A
A A= (body mass index, BMIy= 2E#] 22 Z791%] 7o
A AY =A JeRth(p=0.013). =3+ A A F2 E73
T FHES ZIAXA O] 33.3+£3.8%, ILAAEO]
24.4+1.4%, FAAT0] 23.1£1.0%, ASIAT 26.0+2.3%=
ZAAA A 7S = UTHP=0.053).

AAAE A 2 AFolM = ALZAFBMIF ZE
2 QA Ao met folgh xpolE Kol 2R A
o #=A JEldTh 2B AE AT, a9 Ak A
2 2853 Ado] Aoty d#A A tH(Richardson et
2015). _'*5] x{/\cz o:]/HE-J 7:}0 /\EE-]]/K_Q]_ }j]u]—oﬂ
ofsltt. 2} o} A 7EA] AEH &7 HWPOﬂ H|X= FEel
218)E Aoljel BiFet X BalA Q1A AAtet Tk 7]
Zol| oJgk A= EH st vl=e] WIC ZE23]of 3
&3l ololE 71z AR} 101HE A2 3 cross-sectional
studyoll Al Z~E# 2 QIAI7F B sk 2AF 2 7 A1 -2
A3 Ae o] AREAITE Ao, ] 2EY A
o] Zgoll= Al Eol AAate] A= Faeh A% HT

2

e

<Table 1> General characteristics of the subjects by perceived stress level

Very high High stress Moderate stress ~ Low stress
stress group group group group p value?
(n=225) (=1079) (n=2532) (n=517)
Age (yr) 39.8+1.0Y 39.34+0.5 43.3+0.3 46.2+0.7 <0.0001
Perceived stress level (%) 5.3+04 25.8+0.8 57.8+0.9 11.0£0.5 <0.0001
Low 29.1+£3.6 28.8+1.7 242+1.1 225423
Household o middle 28.0+3.8 26.5+1.6 253+1.0 20.6+1.9
income . 0.007
(%) Upper middle 22.8+34 23.0£1.6 25.1£1.0 26.4+2.1
High 20.1+£3.2 21.7£1.5 254%+1.3 304424
<Elementary school 13.1£24 5.4+0.7 6.0£0.5 92+14
Education Middle school 73+1.9 6.2+0.8 8.0+0.6 10.0+1.5
level . 0.001
(%) High school 33.5£3.9 38.4+1.7 37112 38.5+2.7
>College 46.2+4.1 50.0£1.8 489+14 424428
Monthly alcohol ~ None or <1 glass/mon for 1 year 49.7£3.9 45.5+1.8 47.5%1.1 553+2.6 0.017
consumption (%)  >1 glass/mon for 1 year 50.3+3.9 545+1.8 525%1.1 44.7£2.6 '
Current smoking ~ past smoking or non-smoking 85.1£2.8 90.6x1.1 95.24+0.5 97.9£0.6 <0.0001
(%) present smoking 14.9+£2.8 94+1.1 4.8+0.5 2.1£0.6 '
Aerobic exercise Moderate<150 min or High<75 min/week 472+3.7 53.6x1.7 52.1£1.2 51.2£2.5 0429
practice rate (%)  Moderate>150 min or High>75 min/week 52.8+3.7 46.4+1.7 479+1.2 48.8+2.5 '
Mean Sleeping time in weekday (hr) 6.7£0.1 6.9£0.1 7.1£0.3 7.2+0.1 <0.0001

"Mean=+SE or percentage (%)
Dp-values across the perceived stress level groups were calculated by chi-square tests for categorical variables and general linear regression. Total
percentage of sum may not be exactly 100% due to round-off in each column



I ko] AAAAE H A H(Richardson et al. 2015). T
o shA AAE 2EgiEs FH Aol A827) 24
gF o8 Aol ol IS WAL o] BE I
o] AF5Z7e} Hintel] 7] 102 WYt Geiker et al.
2017). B3k 2EH 20l FHokgk A5 A 2EHAE
A#Y 8= Flo] Aol T3o] Erkal Bisle]

N2 1o

Y FEH2EE R BF S 200 mg/dL o] }M_U%
A AR+ =02 F-2]5H
ATHp=0.034). WA, F-2]3F 2ol & HolA= FUARE &

|2~ QA AEr) 2852 LDL-ZH2HE 50 B3

o HDL-ZE|AHE 752 @& 7S 2 = %0, &
2~

B FRAYS FEA T 5L 2B S0 BE foR
]’O]L BI\OiE]' /‘6] Z]E?_ hsCRP g[;_’z__o_ /\Ea]-}: ;{S]E
7 T2 oA = ?%f; BRlaL, I3 el AS} HIE}

AEZA QUX|of WE AldED tHARY Het 487

AN SRS S] 2E# 2 Q1A Bxet tiakg dgke] ¢
% (0dds ratio, OR)E T}etalarz} vrol, &%, W&FF,
F 258, AA S9ES AT v EA2E 39N

SlAth<Table 3>. WAV A%l FTRE= 94

]. ]}\1 7\/\].5] 8]—20] '7'6‘31:1- lggﬂ/\gﬂiaﬂ
kS XﬂHDL*H]*Eil £¥%, JLDLZYAHEE S,
oF @ HWS MA sl 9ETEE AEH A FHE v
SEH 2 ARz s u}% 2EF 2 A2
S, AHDLZY| 2 HEES, ZLDLEZY2HEES 2
Ide] Aol FrtstRANE %741 120 Frold2 gl
ZEY & Q1A FFo] A IRl H]al] H]Rke] 918 (OR
=1.5326, 95% CI: 1.013, 2298)01 1.58) Z7FFATHp<0.05).

AdaAde, o, I 52 %EM% H| 3 A=
o] @ ApgIololn o]y 3t FISL AEY 29 Hlo]$
gl O3‘?—(mﬂammatlon)‘f’]\:‘/}—E TEHY A4 E 7t
A3 ek AP 2EY 2ot -850 7Ee] AF
713 BAEE-S A AT BE3 Al ETRRIS] AJdA|
7= FHE AT, =3 7ol A glol AHA L
2o IL-63 22 9354 AlE7IRIF hsCRPE A4S 2
st A A thHowren et al. 2009; Kiecolt-Glaser
2010). 2 AFdX = 3 FEYZHE Fdo] 2EHE

e n%

i (o

-

HO
A
=
A
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<Table 2> Anthropometric and Biochemical indices of the subjects by perceived stress level

Very high stress

High stress Moderate stress Low stress group

group (n=225)  group (n=1079)  group (1=2532) (n=517) P value?

Height (cm) 158.2+0.5" 158.7+£0.3 158.3+£0.2 157.414£0.3*Y 0.001
Weight (kg) 60.4%+0.8 59.340.5 58.3£04" 58.540.6* 0.010
Waist circumference (cm) 79.5+0.8 78.2+0.5 78.2+0.4 79.1+0.6 0.095
Body Mass index (kg/m?) 24.1£0.3 23.6+0.2 23.3+0.2° 23.6+0.2 0.013

Low weight 59+1.9 7.6+0.9 6.2+0.6 3.7£1.0
Obesity” Normal weight 43.543.7 51.0£1.7 524+1.1 52.342.6 0053
(%) Overweight 17.3£2.8 169£1.3 18.2+0.8 18.0£2.0 ’

Obesity 33.3+£3.8 244+14 23.1+1.0 26.0+2.3
Total cholesterol (mg/dL) 189.6£2.6 193.2+1.8 194.8+1.5° 197.6+2.3" 0.034
LDL cholesterol (mg/dL) 132.3+£7.1 128.5+5.7 121.7£4.5 121.1+8.3 0.278
HDL cholesterol (mg/dL) 544+1.0 54.94+0.6 55.440.6 554408 0.610
Triglyceride (mg/dL) 113.8+£5.3 117.6+3.8 117.2+£3.8 123.9+5.1 0.475
Fasting blood sugar (mg/dL) 96.0+1.3 97.0£0.7 97.5+£0.7 97.6+£0.9 0.569
Systolic blood pressure (mmHg) 115.5+1.2 114.4+0.7 115.5+0.6 116.8+£0.9 0.067
Diastolic blood pressure (mmHg) 76.24+0.8 74.7£0.5 75.1£0.5 75.9+0.6 0.098
High sensitive C-reactive protein (mg/L) 1.11+0.13 1.15+0.08 1.06+0.08 1.04+0.10 0.464
Serum Vitamin A (mg/L) 0.534+0.02 0.5440.12 0.5440.01 0.554+0.02 0.716
Serum Vitamin E (mg/L) 13.1+0.6 13.5+£0.5 14.1£0.4 14.4+0.6 0.169

"Mean=SE adjusted for income, education, monthly alcohol consumption, and current smoking

Pp-values across the perceived stressed groups were calculated by general linear regression

YLow weight: BMI<18.5 kg/m?, Normal weight: 18.5<BMI<23 kg/m?, Overweight: 23<BMI<25 kg/m? Obesity: BMI >25 kg/m?
*p<0.05 Significance between VHSG and LSG at a=0.05 by Tukey-Kramer test

5” <0.05 Significance between VHSG and MSG at a=0.05 by Tukey-Kramer test
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<Table 3> Adjusted Odd’s ratio (OR) for metabolic risk factors of the subjects by perceived stress level

Variables Very high stress gorup  High stress group ~ Moderate stress group  Low stress
(n=225) (m=1079) (n=2532) group (n=517)
Hyperglycemia 1.690 1.646 1.323 LoV
(FBS>126 mg/dL) (0.665, 4.296) (0912, 2.972) (0.763, 2.295) ’
Hypercholesterolemia 0.639 0.998 0.959 10
(TC>240 mg/dL) (0.320, 1.276) (0.678, 1.441) (0.675, 1.361) '
Hypertriglycemia 0.955 0.935 0.851 10
(TG=150 mg/dL) (0.583, 1.563) (0.674, 1.297) (0.635, 1.140) '
Hypo-HDL cholesterolemia 1.300 1.159 0.987 10
(HDL-C<50 mg/dL) (0.858, 1.969) (0.891, 1.507) (0.772, 1.262) ’
Hyper-LDL cholesterolemia 0.685 1.435 0.873 10
(measured, LDL-C>160 mg/dL) (0.128, 3.671) (0415, 4.959) (0.258, 2.957) ’
Hypertension 1.454 1.196 1.070 10
(SBP or DBP>140/90 mmHg) (0.872, 2.422) (0.837, 1.708) (0.783, 1.462) ’
Obesity (BMI>23 kg/m?) 1526 114 1.012 1.0

(1.013, 2.298)

(0.862, 1.441) (0.800, 1.278)

DAdjusted for age, income, education, monthly alcohol consumption, and current smoking and OR of other groups based on the risk of low

stressed group

ILow weight: BMI<18.5 kg/m?, Normal weight: 18.5<BMI<23 kg/m?, Overweight: 23<BMI<25 kg/m?, Obesity: BMI>25 kg/m>
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<Table 4> Eating behavior of the subjects by perceived stress level

Very high stress  High stress group ~ Moderate stress Low stress value?
group (n=225) (n=1079) group (n=2532) gorup (n=517) P
5-T/week 40.7+3.8" 46.5+1.8 56.7£1.31 62.1£2.5
Breakfast 3-4/week 17.142.9 153412 14.540.8 11817
frequency <0.0001
(%) 1-2/week 20.5+3.8 16.3+1.2 14.3+0.8 12.6+£1.9
None 21.8+3.3 21.9+1.5 14.5+0.8 13.5£1.9
5-7/week 78.6+3.3 85.4+1.2 88.2+0.8 91.3+1.5
Lunch 3-4/week 15.542.8 10.8+1.1 8207 55+1.1
frequency 0.002
(%) 1-2/week 45+1.9 2.0+0.5 1.5+0.3 2.1£0.8
None 1.4+0.9 1.7+0.5 2.0+0.3 1.1+0.6
5-7/week 79.5+3.7 82.7+14 85.6+0.9 88.6+1.6
Dinner 3-4/week 15.143.1 12,8412 11.940.9 9.6+1.6
frequency 0.034
(%) 1-2/week 3.8+1.7 3.6+0.7 2.1+0.3 1.4+0.5
None 1.7+0.9 0.9+0.3 0.5+0.2 0.4+0.2
>2/day 4.0+1.5 5.6+0.8 3.6+0.4 6.5+1.3
Fating out 1/day 213434 18.8+1.4 162409 12,517
frequency 3-6/week 35.8+3.9 364+1.9 32.6+1.1 258422 <0.0001
(%) 2-1/week 23.6+34 227%1.5 279+1.1 31326
<1/month 15.34+2.5 164+1.4 19.7£1.0 23.842.4
Dietary Yes 53.2+3.8 52.2+1.6 57.4+12 54.7+£2.5 0.062
supplement No 46.8+£3.8 47.8+1.6 42.6+1.2 453+£2.5 ’

l)%
Pp-values across the perceived stress level groups were calculated by chi-square tests for categorical variables. Total percentage of sum may not
be exactly 100% due to round-off in each column
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<Table 5> Intake of energy and cholesterol and nutrient intakes per 1,000 kcal and C:P:F ratio by perceived stress level

Very high stress group  High stress group ~ Moderate stresd group ~ Low stress group

(n=225) (n=1079) (n=2532) (n=517) p valuc®

Energy (kcal) 1631.1£72.7" 1641.6+38.7 1653.8+36.3 1695.5+47.6 0.615
Carbohydrate (g) 151.7£2.5 153.0+1.7 155.01.4 155.1+£2.0 0.261
Protein (g) 36.6+0.9 35.6+0.5 35.7+0.4 36.1+0.7 0.635
Fat (g) 22.5+0.9 21.9+0.5 21.6+04 21.5+0.7 0.648
n-3 fatty acid (g) 0.94+0.06 0.96+0.03 1.04+0.03 0.94+0.04 0.106
n-6/n-3 7.9+0.3 7.5+¢0.2 7.1+0.1 7.3+0.2 0.075
Fiber (g) 13.2+0.5 13.4+0.3 14.1+0.3 14.5+04 0.001
Sugars (g) 34.1+14 34.0+0.7 34.5+0.5 35.9+1.0 0.469
Cholesterol (mg) 181.7+14.6 191.0+£9.6 191.5+8.2 202.2+13.0 0.680
Calcium (mg) 284.5+11.9 286.9+8.1 292.9+7.8 285.9+11.2 0.675
Iron (mg) 6.3+0.3 6.3+0.2 6.5+0.1 6.4+0.2 0.762
Sodium (mg) 1784.8+63.5 1768.2+42.7 1810.9+£35.8 1758.0+£56.0 0.519
Potassium (mg) 1497.2+45.5 1509.4+24.9 1550.0+£22.3 1595.1+£34.9 0.041
Vitamin A (ug RE) 310.0+20.4 331.3£12.8 348.1+13.1 382.2+20.1 0.011
Thiamin (mg) 0.67+0.03 0.69+0.02 0.69+0.01 0.70+0.02 0.799
Riboflavin (mg) 0.87+0.03 0.82+0.02 0.85+0.02 0.86+0.02 0.097
Niacin (mg) 7.4+0.3 7.2+0.2 7.2+0.2 7.5+0.3 0.245
Vitamin C (mg) 323£2.5 353+1.8 35.6+1.3 36.6+2.7 0.568
C:P:F ratio

Carbohydrate 60.7+1.0 61.2+0.7 62.0+0.6 62.1+0.8 0.261

Protein 14.6+0.4 14.2+0.2 14.3+0.2 14.5+0.3 0.635

Fat 20.2+0.8 19.7£0.5 19.4+04 19.440.6 0.648

DMean=SE adjusted for income, education, monthly alcohol consumption, and current smoking
Dp-values across the perceived stressed groups were calculated by general linear regression
<Table 6> The percent of the subjects under EAR" intake by perceived stress level
Very high stress gorup  High stress group ~ Moderate stress group  Low stress group p value”
(n=225) (n=1079) (n=2532) (n=517)

Energy” 65.1£3.7% 67.4+1.5 65.6+1.2 64.4+2.5 0.715
Protein 29.0+3.6 25.9+1.6 22.4+1.0 20.742.3 0.051
Calcium 67.5£3.5 66.5+1.7 65.4+1.1 65.8+2.6 0.912
Iron 51.4+3.8 52.3+1.8 452+1.2 37.7£2.6 <0.0001
Vitamin A 79.0£3.1 77.6+1.5 74.4+£1.1 65.0+2.5 <0.0001
Thiamin 45.7+3.9 40.7+1.8 37.8+1.2 34.2+2.5 0.034
Riboflavin 32.6+3.5 31.9+1.6 27.9+1.1 28.5+2.4 0.112
Niacin 53.9+3.8 50.9+1.8 50.9+1.3 49.2+2.6 0.776
Vitamin C 79.8+3.1 76.2+1.6 73.9+1.1 70.8+2.5 0.079

YEAR: Estimated average requirement

DEstimated energy requirement

3)%

Hp-values across the perceived stress level groups were calculated by chi-square tests for categorical variables. Total percentage of sum may not
be exactly 100% due to round-off in each column
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