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Abstract

There are a few studies that reported the association of sleep duration with calorie intake and energy expenditure.
Using cross-sectional data from a population-based prospective study, we evaluated the association of sleep duration
with indicators of obesity including body mass index and waist circumference, calorie intake and its proportion of
macronutrients, and physical activity. The study subjects were 4,226 male and female adults, who were aged 40 to
69 years and were free of diagnosed cardiovascular disease, diabetes mellitus, and dyslipidemia at baseline. Robust
regression analysis was used to analyze associations. The study found that sleep duration is inversely associated with
waist circumference, calorie intake, and percent of calories from fat intake and is positively associated with percent
of calories from carbohydrate intake and physical activity. The inverse association between sleep duration and waist
circumference was stronger among men than among women. The inverse association between sleep duration and
calorie intake was stronger among women than among men and such association was also stronger among obese
persons than those with a normal body mass index. The positive association between sleep duration and physical
activity was strongly demonstrated regardless of sex or obesity. Physical activity is positively associated with sleep
duration independent of potential confounding factors including age, sex, income, occupation, marital status, education,
smoking status, waist circumference, calorie and macronutrient intake, and alcohol intake. (Korean J Community Nutr

16(3) : 315~323, 2011)

KEY WORD : sleep duration - obesity - calorie intake + macronutrient intake * physical activity
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dAASe] w28 (Ayas 5 2003; Taheri 5 2004;
Gottlieb %5 2006; Yaggi 5 2006) U AFdES S7HA7]
= Ao7 BuE e} (Kripke 52002). o235 @A o]
oj$k 71302 o} "Es] uke A #] kAL, AlsEAkelo]
St 3 7] gelel AEHAR Qs 2] AF 7
HhE T H]wE g cjafol el 25, 1A o' RS v
31 gtk (Patel & Hu 2008). Fgt ez} glejete
H AIZEo] FrolAd Ao o2 SA1E AFsh=T] Sl
T = ARRe] oA AF P O Tk Al
)3t 4= 9tk (Nedeltcheva 5 2009). 3H8, 2] <1 7]

Fo AT o] A8 2 g2 EQl Ryt 19
H] 9] &4t AElE 2aste] 3 AFHE A=A1714 ©]
Qlel] oUA] Ed 83 AT T7F sk 2o® A9
Atk (Knutson & Van Cauter 2008). d}A|5k, -2 4=
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2 AR olaL 71 Aeprp M2 FeshA] oAl vrehar ek
(Rontoyanni ‘s~ 2007; Shi ‘s 2008; Schmid & 2009;
Weiss 5 2010). 53] Z=?1(Shi & 2008) ¥ w|=<l
(Weiss & 2010)& thdo® gt Aol Fxfgto] 7
=& A thdAre] A AF ] TRk A o= vEt
S, ghelelA AR wht o | ARk a4
7h A=A ofA Hare wl glvk A ¢ a7 AlA)
H5e T e dEgS FHAR Ay 2
ofeh = AdNetar, o Q1A AE 919" (Nedeltcheva &
2009)= ARk dgan]Ro] ket 2o Hasigic.

B A= AL 7IREe] IS E AT AR E o] &ato]
Frle M o] Frrzto) Bk X3, T A% W AFIPL
AHE, AAEEF 53 ofd BEAS UehlleA] 24t
AL, A FRARES FASAL S22 R 7R o
YA 7 FEE o] 913 g AskE AAs Bar

A g,

S0l FA|198r FFE AR (Korean
Genome Epidemiology Study, KoGES) = slL<] QrAk
A AA13] 7|Hke] ek FFE ATt E3hE T AJelo
2, T E AT gl thet 2 AR o]v] Bl wt
It} (Baik & Shin 2008). T E AF9] 7| 2ZFA=
2001l4 2002 Alelell =] =] Al 715 F
2RO AFHE 5,0129 (01F T =] Aol 40914

6941 E tPdAl= 5,00778) 2 el W Adolo] F3hA
Q1 AR W AFZAE flske] e uista o) u)sh gk
AP QS ST IS E AT FoiAE-S A9 B
A7 9 AR zAks 2dvie) vkl ek, vl
Az} st o] st Qtabg 1] A7k AT A

AF)93] (Human Subjects Review Committee) 2] %<1
= AR A3 s 2lA el AHE skl

1 A= AR Fste] A5 9l A AEHs o
2 RS A sk AIF ] wiitel R g
A8 Gy, AT Ik oz QIFh A5y

9 Al Rke] M3lE HAaslslr] S8 200193} 2002
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T W82 didake] 9ata 54 9 237 el Al
gk Akl o] 715, o W AE S, GREF A 5
< X3slolt 53] FHAltel] thgh A <dale] Has
T U7k AR ] S92 Heles
ST H 48] FFHF Adele W AEAF RIEEAL
] (semi—quantitative food frequency questionnaire;
FFQ)E o]-&3lo] Akt 71 W2 Ahn *5-(2007) 9]
Aol oJsf 2pAs] A vl ol 10352 2% 55
of i At 3l Tt AR Bt AFHT (952 |
T A9 S, ¥ 18], € 2~33], 5 1~28], F 3~439],
T 5~63], sk 13], sk 23], sk 33] o)) B 13] 415
T (3FE] W) ol sl wekes silar ofu A AL
Ao A AF Tl thgh ARS ek Sl
FFQO] AFA5 el ARE Ut HdFZ R Sl
HaA] =N L] AR el VR 255 E
B T ARE o] 88te] BHF Hat FYA AdFI=el Al
2bE Ak, wEbA] S et F I (keal/day), ©58H
(g/day), A% (g/day), T4 (g/day) 5] ALt= S
a1, 3 GBS A= A el st WS gk
E $lEo] AT EA A ARGH T 575 E AA
5 gHatell tisllA]= Baik 5 (2008) 2] HaroA] A
¥ v} St} QoFA o ® Ashd, S5 2

=N

o AN E ol BEEAL A 19 Feke] B

=T

a1, & FEhAl=E (total metabolic equivalent, MET—
hours) ©] A= ST},

3. QMY ECERES B

2 AFeA = AFZFASG (body mass index, kg/m?)
9 & E BNk A EE ARESIlET), ol A7) 1
AR L2 e uje} FHE AT QAAS O ZRE A
ARtk AHZFA T Arks S8l A3 2ol SHEU=
o], A5 AR AEE AR kA #ARE o 5SS
Elollx] S7o] o] FoAR AL, SHR= & AA A7 7]
St FElEd S g T 2E €1 F o
= 29 TR AQlE Aol SE3 g Ale] 7 7}
= 3]2] F-919] EdlE 33] vby Sse] 25 A A =
AA7HA] 712 Qa1 71 St gko] ARE et
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FAAIZE v)gE A3 W G HATS waldo] vl
A (nonlinearity) &< ¥ &% (threshold effects) 2]
Ao w vepd 7hsAdo] Q7] witel FAlRke 1%

TE BB R S AFE Al wekA
HAZEo] 4+ (5AIZF v]qE, 5AIZF o)A E 6AIZE u]k, 6A]
Zhold W 7TAIRE mE, TAIRE o) O & U LA o 1F
WEAREE W4=9] B3 ZJo|= chi—square test & ©]E3
HIRE A)3%, G F, o5, AASTF T A 3
7 x}o]= ANOVA (analysis of variance) testS o]
sto] A = Uk, Bogh AR BIRE A3, GEEF, =
T, AAGEE 5] Mol AP o]F WFEe
HO g2 2 we] ZHAE 319245 (robust
regression analysis)©] AFEE QT B4 BE A o
AR wake AT AW B0 A -4 (25 ka/m? 7
=)ol W2 =3} B4 (stratified analysis) &2 533590
ot Ao gk A= 3] A15 (coefficient) 2 95%
AlZT7F (95% confidence interval, 95% CI) ©.& €k
el o= 5%] Lﬁk‘g M AFRl IO R 5
<l 74] A, slelEe, AAE
& T OR o] 3|74 o
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F ﬁ-ﬂ%‘; o0 AEY MFE sl FHEUTE
FEH . 7 3)9Al
° ﬁ“ﬁz— 9 FHEAREY] 4] e AE AR
p % (p—value for trend)©] A3} 97 A= Q1) A9
B p w2 TRl whE 4 7] T gkel
EHO T T M AFEE S W DojFiet. 37 BE
of ¥ %Eﬂi—?E 71% AR ] "lPdAke] A, A4, A
AA oA, A}, AE L 5 o, i AE, SR Y o7
o 9l ¢, AlAg: o%’ﬁ P S0l
ol FAA AE f8 SAS _ﬁ_izvﬂ(SAS 9.1, SAS
Institute, Cary, NC, USA)o] A=l BAIA
T2 5 A4 0.05 FEollA o] Fol Rt

U=y
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B AT dPAellA Bt Rl SEAREe] 5213wkl AL
HE 6.5%, SAIIA 6A1%F vIRE Ale]7F 13.8%, 6417
o] 7AIRE uIgE AlO]7E 31.2%, TAIRE o) S F st
T ARES 48.5%9] S el o] Al
ThE 2 Aol o] ARbAQ1 5402 Table 190 Bl i,
AR BTS2 AR, A2 Y, W SR,

Z7bel ARG, B AR B, e S5 S
59 PE‘r‘ii‘:}. TS ool A X‘?Jo] URE AR QL AL
2ol Ao uIA|7kS: FHol= 21 0% UERITH(Table 1).
Table 2 SRR FHEARE 43 7R 6A1%E 0%
TAIRE vIRE ALl 9] g Wl O = slo 3R SISlE

o] veRd thE 7] 3]AAI 2 95% AlE TS HolF
3 lck 53] the 89 4 As B9, TARE o
< FHsh= 2 vl val slelEEl7l 0.55 cm 71
o)A o7 Fharo] S-S YeRTH(p < 0.05). sFAIRE
AR &g Ee Ate] HaAe] A8 A FAA L
2 YA A YERstTE. AlA| st daAdelA =
5A1F mRke] S FHale 7 Fo9Ho® —1.609 7+
29 2 YER AL (p < 0.01), WHA 7A|7F o] ae] 4=
Hale & F9Fo® 1,189 F7HE @S vehgol
(p <0.01) AA 07 ol Zst AP A FaAAS Kol
AH(p < 0.001). &g AFZT] A elM= TAIRE o]
A S FHohs -2 Bl vlal 49 keal 7FES] A
¥ gk YERTH(p < 0.01). TR 7-9] I AAIG = A
O % Fo4R1 AE VRN QAN A 21 A8 A
TS TAI S E FelehA VrERITH(p < 0.05). ek
29 S5 AT FHARE 1] AR CN FAH R
Frolet 3] AITE e A AR A8 A3 240l
A AlﬂOl /TS T el tid ershE A%
fFre)F o Frkskal(p < 0.01), A HF%F
9 aﬂ.l—%t FolAoz 7a3R= A (p < 0.01)02 YeRdt},

Table 29} A3 FAMS APEE Hro] S8 243
ts 3954 A3} Table 3ol Yehd 9t} Table 29}
AR 6AIZE o)A TAIZE wgk ALo] S A S
H| w70 = ARGSRSITh, @A ellA] TAIRE o S H st
= 79 sElEd7) vlarted ¥ls)] 0.79 cm 7FF #2040

N

2 7+so] YR (p < 0.05) A8 A3 oA o5t
FEAS YERATH(p < 0.05). B35 7A17F o)A S H
Sk @A vlael vlsl {25kl F7kE A A ES
(p < 0.01), WA A= o] A3k (p < 0.001)
= ‘%E}ME} A3F A FHF Az AR folEkA
AN, F AnFell ofst A AFH TS WEES Azt
o] Z7V5E oA o7 7hAash= AeF(p < 0.05)S
E} ). o/ de X2 39 4] At folehAl vehd WS
= hﬂ%ﬂ*ﬂr A AF eIk AR ZEF 5AE ul

TS Fohe wollA] folH o=z FHay o] L}E}

(p <0.01) 7TARF o] 7H-& Hsh= oAl el 4l L
2 Z71E9] (p < 0.01) YeRgoH, f22<1 Hﬁé@ ad

& HAFITH(p < 0.001). D AFHFHS 7AIRE o)de]

rﬁ
\_,



318 - A Ak Fa A S

Table 1. Baseline characteristics across categories of daily sleep duration among 4,226 persons

Variables Daily sleep duration (no of total subjects) p-value
<5 hours (273)  5-5.9 hours (584) 6-6.9 hours (1,318) > 7 hours (2,05T1) for frend
Median [range] of sleep hours 4.0[1.0-4.8] 501[5.0-5.8] 6.0[6.0-6.8] 7.5[7.0-12.0]
Age, years 502+ 87 488+ 7.6 480+ 7.0 483+ 75 < 0.001
Women, % 64.5 59.6 51.6 45.3 < 0.001
Income wage < 10° Wor/month", % 24.2 15.8 11.2 13.3 < 0.001
Office workers, % 57.9 49.8 47.8 44.2 < 0.001
Married, % 89.0 91.3 93.0 92.4 0.10
Education >9 years, % 44.0 37.5 34.1 36.2 0.08
Current smokers, % 19.8 17.0 22.4 27.1 < 0.001
Body mass index, kg/m? 260+ 34 245+ 29 246+ 2.9 245+ 29 < 0.056
Obesity (> 25 kg/m?), % 47.6 43.7 42.9 40.7 <005
Waist circumference, cm 808+t 93 797 £ 8.6 804+ 8.3 802+ 82 0.55
Abdominal obesity among men?, % 19.6 15.7 19.1 15.6 0.25
Abdominal obesity among women?, % 26.7 19.3 17.5 18.6 0.07
Physical activity, MET-hours/day” 219+ 92 232+ 90 240 £ 9.2 250 £ 9.1 < 0.001
Daily consumption among men
Calorie, keal 1930.2 £ 610.6 1957.6 £ 391.0 1961.0 + 443.7 1943.8 + 457.1 0.77
Carbohydrate, g 328.9 £ 10756 3321 £ 578 3333+ 69.7 331.2% 694 0.73
Carbohydrate, % of calorie 685+ 60 684+ 52 685+ 57 687+ 54 0.66
Fat, g 353+ 168 362+ 142 363 £ 153 355+ 158 0.86
Fat, % of calorie 161 £ 4.7 162+ 40 162+ 4.4 159+ 43 0.72
Protein, g 68.0* 245 69.7 £ 198 69.0 £ 21.1 685+ 213 0.89
Protein, % of calorie 140+ 21 141+ 1.9 139+ 20 140+ 1.9 0.67
Alcohol consumption, g/day 193+ 279 187 £ 294 232+ 344 19.6 £ 31.3 0.61
Daily consumption among women
Calorie, keal 17929 £ 5942 17822 £ 507.0 1811.9 £ 558.7 1753.9 £+ 540.8 0.53
Carbohydrate, g 3125t 96.3 309.8 £ 826 313.8 £ 85.9 3059 £ 855 0.47
Carbohydrate, % of calorie 704+ 57 700 57 699 £ 58 703+ 59 0.80
Fat, g 298+ 168 302+ 156 309+ 18.8 291+ 173 0.74
Fat, % of calorie 144+ 47 147 £ 47 148 £ 4.5 145+ 4.6 0.81
Protein, g 63.1 £ 249 624+ 210 64.1 £ 26.6 61.6 £ 264 0.69
Protein, % of calorie 139+ 19 139+ 1.9 140+ 20 139 £ 21 0.84
Alcohol consumption, g/day 24+ 82 18+ 7.3 1.5+ 4.6 20+ 73 0.43

1) Approximately corresponding fo the government-set-minimum wage for a family of three persons

2) Abdominal obesity is defined as having waist circumference of 90cm or greater for men and of 85cm or greater for women

3) Average daily metabolic equivalents-hours
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Table 2. Association of daily sleep duration with obesity, physical activity, and intake

Dependent Coefficients (95% Cl) ) from regression analyses according to sleep duration p-value
varables Models < 5hours 5-5.9 hours 6—-6.9 hours > 7 hours for frend
) Age-adjusted 0.24(-0.14,0.62) -0.11 (-0.39,0.18) Reference -0.12(-0.32, 0.08) 0.14
Body mass index L )
Multivariate adjusted  0.29 (-0.09, 0.67) -0.07 (-0.35,0.21) Reference -0.10(-0.30, 0.10) 0.12
Waist Age-adjusted -0.18 (-1.29, 0.94) -1.02 (-1.85,-0.19)* Reference -0.22 (-0.81, 0.37) 0.40
circumference Multtivariate adjusted  0.45 (-0.56, 1.45) -0.57(-1.32,0.18) Reference -0.55 (-1.09, -0.02)* 0.09
Prysical acivily Age-adjusted —-1.83 (-2.82, -0.85)** -0.39(-1.13,0.35) Reference 1.14(0.62, 1.66)** < 0.001
Multivariate adjusted —1.60 (-2.59, —0.62)** -0.37 (-1.11,0.3¢) Reference 1.18(0.67, 1.71)** < 0.001
Calore ke Age-adjusted -74.65(-131.51, -17.79)* -20.99 (-63.42, 21.44)  Refetence -39.12 (—69.25, —9.00)* 0.61
Muffivariate adjusted —38.38 (—93.36, 16.60) -0.15(-41.02, 40.73) Reference —48.46 (-77.57,-19.34)** < 0.05
Carbohydrate  Age-adjusted 0.21 (-0.51,0.93) -0.01 (-0.55, 0.52) Reference  0.16 (-0.23, 0.54) 0.61
infake") Muttivariate adjusted —0.32 (-1.01, 0.38) -0.26(-0.77,0.26) Reference  0.28 (-0.09, 0.64) <001
Fof fake Age-adjusted -2.23(-0.80, 0.34) -0.06 (-0.48, 0.37) Reference -0.15(-0.45, 0.15) 0.69
Mufivariate adjusted  0.19 (-0.36, 0.74) 0.13(-0.28,0.54) Reference -0.28 (-0.57, 0.01) < 0.01
Protein intake” Age-adjusted 0.04 (-0.21,0.29) 0.05(-0.14, 0.24) Reference -0.04 (-0.17,0.10) 0.29
Muttivariate adjusted  0.15 (-0.10, 0.39) 0.09 (-0.09. 0.27) Reference -0.03 (-0.16,0.10) 0.10
Alcohol infake? Age-adjusted -0.02 (-0.05,0.01) 0.01 (-0.02, 0.03) Reference  0.01 (-0.003, 0.03) < 0.05
Muftivariate adjusted -0.01 (-0.04, 0.02) 0.01 (-0.02, 0.03) Reference 0.01 (-0.01, 0.03) 0.10

Abbreviation: Cl, confidence interval, *: p-value < 0.05; ** p-value < 0.01

In a multivariate model, data are adjusted for age, sex, body mass index, income (wage < 10° Worymonth, 10° + Won/month),
occupation (office workers or non-office workers and housework), marital status (maried, other status), education (< 9 years, 9+
years), smoking status (non-smoker, current smoker; <10, 10 — 20, and > 20 cigarettes/day), alcohol intake (lifetime albostainers, cur-
rent abstainers, curent alcohol consumption; < 6.1 g, 5.1 -15, 15.1 — 30, >30 g/day), quintiles of physical activity (MET-hours/day),
and quintiles of calorie intake; however, body mass index is not included as a covariate for waist circumference and calorie intake
is not included for macronutrient intake.

1) percent of calorie, 2) grams per day

Table 3. Association of daily sleep duration with obesity, physical activity, and intake by sex

Dependent Coefficients (956% CI) from regression analyses according fo sleep duration p-value

Variables < 5 hours 5 -5.9 hours 6—-6.9 hours >7 hours for frend

Men

No of subjects [%] 97 [4.6] 236 [11.3] 638 [30.5] 1,123 [563.6]
Body mass index 0.19 (-0.40, 0.78) -0.16 (-0.57, 0.25) Reference -0.23 (-0.50, 0.04) 0.1
Waist circumference 0.84 (-0.73, 2.41) -0.48 (-1.57, 0.62) Reference -0.79 (-1.50, -0.07)* <005
Physical activity -1.22 (-2.92, 0.49) -0.40 (-1.59, 0.79) Reference 1.30 (0.52, 2.08)** < 0.001
Calorie intake -87.96(-176.32,0.39) 9.80(-51.80, 71.39) Reference =31.17(-71.47,9.14) 0.47
Carbohydrate intake”  -0.47 (-1.60, 0.65) -0.45 (-1.24, 0.33) Reference 0.13 (-0.38, 0.65) 0.10
Fat intake" 0.23 (-0.65, 1.12) 0.19 (-0.43, 0.81) Reference -0.28 (-0.68, 0.12) <005
Protein intake" 0.21 (-0.19, 0.60) 0.30 (0.02, 0.57)* Reference 0.12 (-0.06, 0.30) 0.66
Alcohol intake? -2.07 (-56.31,1.17) -1.34 (-3.60, 0.92) Reference -1.63(-3.11, -0.16)* 0.37

Women
No of subjects [%] 176[8.3] 348 [16.3] 680 [31.9] 928 [43.5]
Body mass index 0.36 (-0.14, 0.8¢) -0.09 (-0.48, 0.30) Reference -0.04 (-0.34, 0.26) 0.44
Waist circumference 0.14(-1.17, 1.45) -0.84 (-1.86, 0.18) Reference -0.53 (-1.31, 0.25) 0.57
Physical activity —-1.85(-3.05, -0.66)** -0.33 (-1.26, 0.60) Reference 1.06 (0.35, 1.77)** < 0.001
Calorie intake -13.51 (-84.72,57.71) -8.03 (-63.15, 47.09) Reference —-64.43 (-106.82, —22.04)** < 0.01
Carbohydrate infake”  —0.22 (-1.11, 0.66) -0.15(-0.84, 0.53) Reference 0.34 (-0.19, 0.87) 0.07
Fat intoke" 0.18(-0.52, 0.88) 0.14 (-0.40, 0.69) Reference -0.23 (-0.65, 0.19) 0.09
Protein intake" 0.10(-0.21, 0.42) -0.06 (-0.30, 0.19) Reference -0.14 (-0.33, 0.05) 0.10

Abbreviation: Cl, confidence interval, *; p-value < 0.05; **, p-value < 0.01

In a muttivariate model, dafa are adjusted for age, sex, body mass index, income (wage < 10° Won/month, 10° + Won/month),

occupation (office workers or non-office workers and housework), marital status (married, other status), education (< 9 years, 9+

years), smoking status (non-smoker, current smoker; <10, 10— 20, and >20 cigarettes/day), alcohal infake (lifetime abstainers, cur-
rent abstainers, curent alcohol consumption; < 5.1 g, 5.1 =15, 15.1 =30, >30 g/day), quintiles of physical activity (MET-hours/day),

and quintiles of calorie intake; however, body mass index is not included as a covariate for waist circumference and calorie intake
is not included for macronutrient intake.

1) percent of calorie, 2) grams per day
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Table 4. Association of daily sleep duration with obesity, physical activity, and intake by the categories of obesity

Dependent Coefficients (5% CI) from regression analyses according fo sleep duration p-value
Variables < 5 hours 5-5.9 hours 6-6.9 hours > 7 hours for frend

Body mass index < 25kg/m?

No of subjects [%] 143 [5.9] 328[13.5] 751 [30.8] 1,214 [49.8]
Body mass index —0.06 (-0.37, 0.25) -0.10(-0.32,0.12) Reference -0.09 (-0.24, 0.07) 0.61
Waist circumference —0.63 (-1.74,0.48) -0.93(-1.73,-0.13)* Reference -0.39 (-0.95, 0.18) 0.55
Physical activity -1.52(-2.88,-0.15)*  -0.12(~1.11,0.87) Reference 1.27 (0.57, 1.96)** < 0.001
Calorie intake —63.55 (-138.71, 11.61) —2.06 (-56.36, 52.23) Reference -44.16(-82.40, -56.93)*  0.11
Carbohydrate intake” -0.28 (-1.24, 0.68) -0.35(-1.04, 0.35) Reference 0.28 (-0.20, 0.77) 0.05
Fat intoke” 0.08 (-0.68, 0.84) 0.15(-0.40, 0.70) Reference -0.32 (-0.70, 0.07) < 0.05
Protein intake" 0.11 (-0.23, 0.45) 0.17 (-0.08, 0.41) Reference -0.04(-0.21,0.14) 0.24
Alcohol intake? 0.03 (-0.07,0.13) 0.01 (-0.06, 0.08) Reference 0.03 (-0.02, 0.08) 0.09

Body mass index > 25kg/m?

No of subjects [%] 130([7.3] 255[14.3] 566[31.7] 835 [46.8]
Body mass index 0.21(-0.12, 0.54) -0.15(-0.40, 0.10) Reference 0.14 (-0.04, 0.32) 0.12
Waist circumference 0.48 (-0.67, 1.62) -0.55(-1.43, 0.33) Reference 0.17 (-0.47, 0.80) 0.42
Physical activity -1.38 (-2.81, 0.04) -0.82(-1.92,0.28) Reference 1.01(0.22, 1.81)* < 0.001
Calorie intake -12.36 (-94.43, 69.72)  0.18 (-62.75, 63.10) Reference -47.70(-93.28, -2.12)* < 0.05
Carbohydrate intake" —0.46 (-1.47,0.55) -0.18 (-0.96, 0.59) Reference 0.28 (-0.28, 0.84) 0.07
Fat intake” 0.35(-0.45, 1.14) 0.13 (-0.48, 0.74) Reference -0.23 (-0.67,0.21) 0.07
Protein intake" 0.27 (-0.09, 0.64) 0.04 (-0.24, 0.31) Reference -0.03 (-0.24,0.17) 0.21
Alcohol intake? -0.07 (-0.17, 0.03) 0.04 (-0.17,0.03) Reference 0.05(-0.01,0.11) 0.12

Abbreviation: Cl, confidence interval, *; p-value < 0.05; **, p-value < 0.01

In a multivariate model, data are adjusted for age, sex, body mass index, income (wage < 10° Won/month, 10° + Won/month),
occupation (office workers or non-office workers and housework), marital status (married, other status), education (< 9 years, 9+
years), smoking status (non-smoker, current smoker; <10, 10-20, and >20 cigarettes/day), alcohol infake (lifetime alostainers, cur-
rent abstainers, curent alcohol consumption; < 5.1g, 5.1 =15, 15.1-30, >30 g/day), quintiles of physical activity (MET-hours/day),
and quintiles of calorie intake; however, body mass index is not included as a covariate for waist circumference and calorie intake
is not included for macronutrient intake.

1) percent of calorie, 2) grams per day

Table 5. Multivariate coefficients (5% Cl) for obesity, physical activity, and intake in the association with daily sleep duration as an

outcome
Independent All Stratified by sex Stratified by body mass index
variables Men Women < 25kg/m? > 25 kg/m?
Waist circumference -0.27 (-0.56,0.02)  -0.32(-0.74,0.09) -0.29(-0.71,0.12)  -0.03 (-0.50, 0.43) -0.16(-0.76,0.43)
Physical activity 6.58 (4.99, 8.17)** 6.46 (4.38, 8.54)** 6.88 (4.45, 9.31)** 6.55(4.51, 8.59)** 6,43 (3.88, 8.98)**
Calorie intake -0.26(-0.76,0.23) -0.13(-0.90,0.64) -0.32(-0.98,0.34) -0.10(-0.73,0.54) -0.57 (-1.35,0.22)
Carbohydrate infake  0.14 (-2.95, 3.23) 0.23 (-4.23, 4.69) 0.18 (-4.23, 4.58) 0.30 (-3.60, 4.19) 0.30(-4.78, 5.38)
Fat intake -0.37 (-3.39. 2.66) -0.79 (-5.19, 3.61) 0.15(-4.17,4.48)  -0.46 (-4.25, 3.34) 0.21 (-4.82, 5.23)
Protein intake 0.49 (-2.79, 3.78) 2.16(-2.69,701) -0.96(-5.52, 3.61) 0.95(-3.23,5.13) 0.10(-5.23, 5.43)
Alcohal infake -0.07(-0.17,0.03) -0.08(-0.17,0.02) 0.13(-0.38,0.65) -0.08 (-0.21,004) -0.03(-0.19,0.13)

Abbreviation: Cl, confidence interval, **: p-value < 0.001

In a multivariate model, daily sleep duration (minutes/day) is fitted as a confinuous variable with covariates including age, sex, waist
circumference, income (wage < 10° Won/month, 10° + Won/month), occupation (office workers or non-office workers and
housework), marital status (married, other status), education (< 9 years, 9 + years), smoking status (non-smoker, current smoker;
<10, 10-20, and >20 cigarettes/day), alcohol intake (g/day), physical activity (MET-hours/day), calorie intake (kcal/day), and con-
sumption of carbohydrate, fat, and protein (percent of calorie intake)
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