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Association Between Nut Consumption and Hypertension According to
Sleep Duration Among Korean Adults (Aged 19-69 Years): 2010~2016
Korea National Health and Nutrition Examination Survey
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Abstract

Nuts are cholesterol free with high poly-unsaturated fatty acids(PUFA) and have lower intakes of sodium than non-consumers,
and thus they can decrease blood pressure. Hypertension is a common primary diagnosis in Korea. Because of extending exposure
to 24-hour raised blood pressure and heart rate hypertension is likely to be caused by prolonged short sleep durations. This
study examined the relationship between nut consumption and hypertension according to sleep duration among Korean adult.
Based on data from the 2010-2016 Korea National Health and Nutrition Examination Survey(KNHANES), the final analytic
sample(r=25,359) was used for current analysis. The dietary intake was assessed through a 24-hour recall method. Associations
of nut consumption with sleep duration and hypertension were determined using multiple logistic regression with odds ratio(95%
CI). All the analyses were carried out in SAS version 9.4, and the significance level was set at p<0.05. With increasing nut
intake, the prevalence of hypertension significantly decreased(p for trend=0.02). After controlling for sleep duration, the nut
consumption showed significant association with the prevalence of hypertension when sleep duration was 6 to 6.9 h per day(p
for trend=0.03) or 7 to 7.9 h per day(p for trend=0.03). In conclusion, dietary total nut intake was found to be significantly
associated with the prevalence of hypertension.

Key words: 7437 41 (nut consumption), 128 U(hypertension), = 71717+ FZAHKNHANES), A7 Ksleep duration)
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TS T Hsto] AAET) Folzl =, #A| 9
yate] 718 57] € 140 mmHg o)/do] A, o7
33} 90 mmHg 3R] 7$-]0H(The Korean Society of Hypertention,
2018). L2 AAA F8 AFFARJR] HEALGI B
S Agte] we) Ao] QITh(Feigin et al., 2016). =2
Tt FHES 19984 29.8%11 A 2016\ 29.1%=Z 7<)
SR FUAEL HT FEe AT 1HFE 1Y I
1998 7605 H o)A H 1,1009H8 o)Ao = 23] Zr)s)t

ATHKim & Cho, 2018). A3iAol|A] Qo] Yoz

A=, AdHFAF T, 5 5ol = tJo et al, 2001).
E3] B ZQ e v8S 238l A A HE
Z, Bl 22 ohFst Aus Fdo] e AoE By
SATKCappuccio, Cooper, DElia, Strazzullo, & Miller, 2011; Shan
et al., 2015). F]=2] National Health Interview Survey A55
o835k Aol w2 AR 6AIZE ol3lE HE AIRFE
2 198543 223%°14 2005-20073N= <F 30%E 7181
9}01(Adanls & Schoenborn, 2010), 79 740l whE 18t}
A g A7) Badk Aotk AAaRly 1¥
T:I"I AL B2 Aol FHE AT AT (Uiterwaal et
al., 2007)2} YEF 41F(Jackson, King, Zhao, & Cogswell,
2016)7} Ete] FHEY AT 0] U= Ao E Yehgth
S ARG SZAL ARE o]83 Aol A E v 21
opd Bl 2218 AAEIE S ) ¥y HEEr) Skt
BIUSIET, B YY) 53] ol FF3k= 2P TlA
TEte] WET} Ado] e A oZ VERRT(Hong, Linton,
Shim, Lee, & Kang, 2016; Kang & Kim, 2016). 3+, 28}
&8 218 ¥]= Food and Drug Administration(FDA)= ¥73
o] A A E B8k QthYazdekhasti et al., 2013).
ARFE BEsA ke ekl &1 712 E o= 9 HE}
T E 59 gitglgo] ol gt 2 dF 24 Al e
Ao 2 B 1F ) HBolling, Chen, McKay, & Blumberg, 2011).

AR TS o g A7 e Ao, et ATl
A AT A4F 9 1Ete] Al dial A A7
A9 Bae, Kim, & Choi, 2021), AZ-F2] T/E Y1, 18
ko] QS FHAZe) wel B AE fldoh

L

0

B AT M= 20102016 FI73Y
3o} @t AJR1(19-694)E thdo = AFol Aot vE8
e AWEE AT A FHOE ST Eg Ul
9] FHARE A=l we AR AdF et 18] A
o] & 4 e A E B4 £ ATolAE,
g ARA(19-694) ] AT AdFoll whE thdAEe E4
sl Yoy, gt GRIEe] AT A a1y A
T4 9 ARJAE] FHAT wE A9R A E 28y
AHEE AL, oI5 B3l AR AH7 28Y v
A Gl diste 7|=AsE AlFstaA ek

F2A ATE B
o)

IL O|2X tjZ

A dutE o2 WAzt glar gEo] g Zash,
HAoko] e T AYL Et AR FE U A
o} AT F 7R ERE F o W A3 vrellA
A AAE LIl FAFE oA A5 Aot

(Alasalvar & Shahidi, 2008). U A5 22t ol Al
4, slol&y, wirithulof, ik AUF AR, 9 2ERR] L,
o8 B 5% 5 107 AE T8k Yok FAFE thER
o= g, duleIN, 39K 52 T8I Yt ATF=
AEBA A3 AEE Fals 28 oy AWS o
sk &7} QAL P FDAE MY 1042835¢)9] AF= ﬁ—g
28 AT Arab & Ang, 2015; O'Neil, Fulgoni, & Nicklas,
2015; US Food and Drug Administration, 2003). A3-F+= ©d
B335} 4K monounsaturated fatty acids, MUFA)3} 1%

Z3}A 94K polyunsaturated fatty acid, PUFA)9] &&o] =&
HolaL TR AR w2 Ho|TK(Griel & Kris-Etherton, 2006).
AFF= F2 HERIA HIERIC ¢} RIEN] E, 2o,
nlvl4, Z2E 9 Al 5o] 23] At Albert, Gaziano,
Willett, & Manson, 2002). =3k 7}2E]colE, & 4L 3EX
BHE 2 2 s 55 3o OAE} 3| O[T, T|2ELX]
2, TF 5ol ksl 2 S a3} It (Ellsworth, Kushi, &
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Folsom, 2001). A= HIERI E, A5} 22 FAsA|
7} Bo) £019)7] wiioll 417 A3 fannuzzi et al, 2002)3} =3

(Morris, Evans, Bienias, Tangney, & Wilson, 2002)¢} -2 THA
Agle] $19-& Y= bl Bfc) Aok T3, viavle 89,
YR 24, 8% 2ed 24 9 Uy g3 4 g o
AEH 7)1} BHo] JThTucker et al., 1999). AEA T
A, 2EA 2HE 223 Aoldfe Bt S 2H S
sl A B F F vk BuFAT, A2 § B
ol g% Far} Y= A0 2 JEPFTHPan, Sun, Manson,
Willett, & Hu, 2013). H3-79] Aeild S48 Ada A%
9] o Jl-E AT & e ] Alolgta E R

ATHWu et al., 2014).

o] A1 B S FHAIRES 6.8 ARECE FHEAIRE
o] 6AIZE mITI Aol 14%A ALZ YERITHKorean
Ministry of Health and Welfare, 2017). = A7 A= S=HA|
7to] 6AIZF mIwkl Al A ] 32.6%81 A2 UEtTh
(Cai et al,, 2015). B2 8 AITRS 2445 AWS WAA|
Z g Aok FAFESE G, o 2 AER A T o AW
3 #AEAo] I Ao E YeRTHBlask, 2009; Cappuccio et
al,, 2011; Shan et al., 2015). T3, F= APAA A= S
Abol FHE 5 AFE $180] EolAE ALE UL,
T Ate] AUAA B 9ol Alds A3k gio

2 QI3 AP 9J3lo] H& Ao 2 YEPGITHCAi et al., 2015).

o] Jtk(Jung, Park, Lee, & Kim, 2002). NHANES &2 o]-&
AFolA FA 2 22 1Y AF 8210 AAEHSI
THNothwehr & Perkins, 2002). 53k 2jo] @913} y1&te] o

e

ool A 2010~2016 FUALYIYEAL XIES 018310 105
AAS B AFET Utk UEF AT 18] 4
3} #eo] gl oM (Jackson et al., 2016), ZH53 12| 4%
93l Zrashe Aol tial] =¢¢] | A o= e}
THChoi et al., 2008). HITHE 183} BEH 29l 5 shjo
o} Bl RS o E 3 ATl AR FRASFE BAT
F, BRunky) 1Ete] ARAdE BAe Av BRut O
F& BERnto] ofd IFel His| 18ef fEl 50% &
7}3}9 B Ostchega, Hughes, Terry, Fakhouri, & Miller, 2012).
wl=3) olghke] Al whEW AR 4H7) BerE 18
& E=7} ashs A o2 UERITHONEI, Keast, Nicklas, &
Fulgoni, 2011; Yazdekhasti et al., 2013). A3-FAF7} 1&gt
o] A& aATIE AHAQ alolgd e & glAT
A Fol FHE JoFart xaw o] Q). AdbFel TR
2] aAZ BN BH ZY2EHE
< Y¥FE AeE BuHa, dado] ke ASeA HY
2l A Ago] A== o] 74 AlodfE AdFeE A
43S 7oA S ATH(Jenkins, Kendall, Axelsen, Augustin, &
Vuksan, 2000). B3, AFF7F 7EA 2L Q& MUFASF PUFAE

b

S
i

3L

ol

)«
it
i)

THE 1P E FAAo] = ALE HIFHUTE 2013-

22l FHARK6AIZ T3
F9| 37} Alololl o] e Ao YERdThKlingman &
Boyce, 2018). T3}, 3041] FE] 594 74A] 2ol A AL
6AIZE 01311 Aldo] g o2 2k AR E T -t f 1
Eol £ 604 o LFAAE HHo] gloka YeRgtt
(Gangwisch et al., 2006).

2 MR ePH I e 3

E A= Al 571(2010-2012), Al 671(2013-2015)9} Al 77]
9] 1APAE(2016) £ A7 Al 571(2010-2012), A| 671(2013-2
015)¢} Al 7719] 12 =(2016) IUAZFE YA YA A5



106 gt=7P8tnsst3|X| Vol. 33, No. 4

o

5 ulgo 2 THoAl-60M|e} 4R o BT Al
ATl Fd o ARl Yol & 50-09M1 2 1 A
2 5] 19-60412] 491 AT ol TIANZTHKIm &
Kim, 2017). 73824}, HRZAL 8]0 Gdzalel 3
g OldARE & 50,64410190 01, T 194 vk 704 o)
RS AT 5 19-69419] 29,418 WHAE 2314
o £ A7 FoWGR] FHEARE 18 R S5
o] QI Al $=718Usystollic blood pressure, SBP), ©]¢+
718 (diastolic blood pressure, DBP)°] AZ21 Al A+
oAbl A AR, akiel RS Aejeioict ST
ZQl A1F AFHo) B2 27E 5] 915k dY F vl
2443 o] 500keal T1TF 5000keal )72 A GA] Al9jst
Hom HZ 253591 AT tlgAE A3 CHFigure 1).
A Q7 WA T AT 7 & SRS AFT Ae
3,8687(15.25%), AHFE AFHHA &2 A= 214919
(84.75%) 2.2 UERsiTY,

2. AL Y Sy

D AR 2 AAAS

AT thdAte] gubd EA4o® A, A%, AdZEAF
(body mass index, BMI), BRI, S Ed|, 745, wS

T, AR, A FA AR, 55 49, A 2, sk

[ KNHANES participants 2010-2016 1 71=50644) |
— -|Age <19 or 2 70 (7= 21,226) ‘

h 2
\ 1= 20413 |

No information on sleeping time|
data (7=2,629)

[ n= 26.‘729 |

No information of hypertension
data (7=329)

No information of sbp & dbp
data (1=55)

[ n=26345 |

Pregnant women
or lactating women (/7=559)

[ n=25786 |

Total energe (kcal/day) <500 or
T > 5,000 (n=250)

Yy
|n= 25,359 (nut consumer= 3,868 (15.25%) and non consumer=21,491 (84, 75%))'

Figure. 1. Flow chart of participant selection

FHEAZL YA AHES =AY A3 22 <194
o 304 o13F, 304 ol s04l018F, 504 o1 694 ]38k
2 B3l A" A S(BMI)7T 25kg/m? ool Hiwke.
2 A 25} THRegion, WHO-Western Pacific, 2000). 7} 745
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£ A7ellMs SR gL 24213F 31l ol
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A A7 thdAkEel AT Ak oY FRE
et W Ak 47 ok s, Ay, slolEy,
vl7ieeo}, 92k by A, e L, i 23 gl
TF 5 107HAE E381aL ek FARRIAME 7tz
]l BT, suR A, 3R 530S 8kl =AlF o
2 URAARE e BRHUER IFeigion, &
Aol ARG SRIRAIZG gAY AFF | A A
%7 wiEol £l o] 8 = AT wuk o} 2P
=3t T 5 =7k WRARRE SR ] wiel
23L& F7Fe%tHKong, 2016). SR ZYY2AAFRS] 2
A AFFES o188l Aahi AHE w2} didAE
3F3Act w5 FDACIA] ¥l 10£2835)9] A#E & 2
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ARK AL Fasta, tidAEe] AFF HHE EXE 1
gsted, IAES AAFot T AaFe A3 ¥
AR, 1/407(7.092) ©18F A Sh= AR, 1/40z(7.09g)~102(28.35¢)
AFE= AF, 283 107(28.35g)014 AF 8= AFge] U
IEOFE URAth T3k AN A3 & AR, loz
ol3} AHTH= A, 102(28.35¢) ©1 AH Sk Al Al 1
Fo2 Urich A9 43% UAdE 4% 24
AT 25 3T 43T U= 2kt BASITHWillett,
2012).

i“ﬂﬁ%"é%&/\ FHATEY AP ERAL 59 2010
EF 2}, 20103
20157HA] sk et g AIRE FHEE HSKAEA 2ARIAL
20169 F5 2 Zkzt Wit H AF ARl thske] 2=A18)
Atk webA 3] Wit FRARNY S T 5Y] H T
AARZHmin)# 2 299 B FHARKminY] F3-& Tl
79E YR PO R T (020 UHRo] ARE SRS
A3k S FHEARE £ 18k, AT
55 H3lod(Gottlieb et al.,, 2016) THFAE2] 31 T &
ARl w6417 ]38t 6417 o
8AIZE o3}, 8AIZE o) 9AIRE o3, 94t oPHOAIRE EEH9
e ToE EHHATH

1=

TARE ol 7AZE ol

of AREsISiTE &Este o
140 mmHg ¥ DBP 90 mmHg ©)/3¢] 73¢- 18 sAlz
A3 THThe Korean Society of Hypertention, 2018).

SBARI M2 AT HFY D

YUY A 2010~2016 FUALSYEAL MH=S 018510 107

Az BAL 715AE 1T BRELAAE ol 8ald
2afsli), A7 4290l e dhkAel S4E e
S8 A&FAFE Wa wEEAAE Zﬂ/\l%}%ll SERE

%?J(SBP, DBP)«] z}o] & AA afEE}. HT3
9} ME-E(%)Z AAISFAIL, FHo)AlHF 75 (Chi-square test) -
2 AT AFHT W 7 2§ Wk o TAS,
TRl ol E AT FNATY
Ale BsgAsE Bt BA A4 7HEA
285 B EEA I H (survey procedure)S ©]-8-314Th
] ollU1A] A3 Rkeal/day), B8 (g/day), T1E(g/day),
Ae] A3 Hgday), Ao1F AHRHg/day) AUAE B
3k ko 2 UERdTh(Willett, 2012). AF AHES 190 19
A Al whah B8t AaRek v A
AHBA G AR, 1/402(7.09g) ©I3tR AdH TR A,

(o]

1§, L= B,

-tl

M o2
N

e

ol

e o

1/4oz(7.092)0 1 102(2835g) ©181= AF3H= AR, 102(2835¢)
ol HABHE ARl 4T1F0R LR, BARE 4

A o= A loz ©)8kE AH 8= AFE, 102(28352) o4
A= A Al DFO2 PRItk FEARNE 317 3
T AR wE} 6AIRE o8t 6A1RE o3 TAIRE ofst, TAIRE
o] 8AIZE o]3}, 8AIZE o]/ 9AIZE o] 3}, 9AIZE o) H9AIRE
E3hHe sTo HFY e A8t
ATF WA 1YY, SR TEYG) AR
otr 7] 93l 22|28 3]FE4(logistic regression)= AHE-
3] 22 |(odds ratio, OR)2} 95% 2137} (confidence interval,
o2 VRN, AsF A% 18] Hg4e
p for trendE ©]-&3} A=A p for trend= ZF 152
ABF AT FA5E 95 W52 317140 2§t
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AABHAT =8, AR AH FHAIRE SBP, DBP2
ARG YR 2 (Generalized Linear Model, GLM)Z
438}d LS(Least-Squares) means2} Lower Limit-Upper Limit
(LL-UL)E YRS AR 433l w2 SBP¥ DBP Alo]
o] ML p for trendFHO.F AABIATE thd=te] FHARE
S 5715(<6, 669, 7~7.9 8~89, > 9h) o2 T} A5
AF# n8tel| mxE FIFo] FHARre] Thgol we}
ofd Wz} JEAE 48] $l8l 2824 (interaction
analysis)& 235} 3 Wald testS ©]-8-51] AlAsIATt 2
g9 BAAE 2 42 SAS 9.4 for windows(SAS Institute
Inc, Cary, NC USAYE ©|-83l1, BAA frolE o=0.05

= Agsdc

AT AF T e tdAEe] YRbERl 592 <Table
1>ol] YepiIT) AaF AF gl oE g g2, ¢ e
AL 150l A EA-S 40.38%, 9142 59.62%2 LFERSOL,
loz o1 AFEhE aellAM B8-S 3415%, A2 65.85%=
ERTE AR dH el BSrE d39) Hlgol folshA
tadhe Ao 2 YePdtip<0.01). AR AH 3o ge 1
£ iAo AdgA e} sig gy B frefsihAl
Al JERSATHp<0.0001). HIFF 7= AARE JFHA &

TE(3241%)00A 71 T2 Z 22 YERGTHp<0.01). ©]
AgATANA AT AdF Tl /TS AT AdF
A7} agiths A7 279 ¥)S:S T ONEeil et al., 2011).
AF AT BETE 1] FATY Hlgo] fo3A St
ke 20 F UEI T, Wi R A FATe] Hlgo] folst
Al A8l AL ZE YERRTh(p<0.0001). AF A3 o] &
SFE HAY S5 Aol flE 2FQ vigo] fefsil 27t
SR, HHNE F3F SR 19 SRk vl o

S| sk ACE Ye T (p=0.05). =3 AR A%

N

ot d
it

o

N

fe e we

o] &5 DBP A7} St p<0.01). A7 HHEol &
SE BT AA dUA] dH ol BAHCE Fhshe A
& Ho|a(p<0.0001), Brhe, T, Ao FH T, 40
Aol AFRE SR AEE BATh(p<0.0001).

B A2 New Zealand®] 2008-2009'd 43218 T
2 3 GURAL ATFolA AR AHE Aol A &
© ARk Ao At Aolidfol AFFe] 7 B
A7 22 oS B HATHBrown et al, 2016). =3k 929
ATFAH} vRIA R, =19 2007-20121d AU TS
2 3 FRAZGIRALE o83 AFAME AAFE A
SIA] e AT AARE AFshs AR dluR] HHF
o] o Bk, A W whal, 2o iR AdF k] foskAl
=9 tH(Kong, 2016). AdAo] mEH AAFE HFHHA
= A vlEl, AIFE AFHSKE A2 MUFASF PUFA
£ O %ol g-f3lar e it ohyEBrown et al,, 2016),
HlER E, G4t e, vl Aloldfel AFE= o Bt
o p, 7o} S Z-HE QAT frols W Ao=
EP3CKBrufau, Boatella, & Rafecas, 2006; Gebhardt et al., 2008).
AR Al e duA] JHFE, AAFE AFsHA
2= TFlA 2087kcal/dayE UEREO LY, 1/4oz ©15F2 AF
She 184 2293kcal/day 2] GRS AHFHSA 1, 1/4oz ©]
2 1oz ©)3+2 AF S 2ElAE 2201keal/day?] oIAAS
AF st =3 A9F A3 Fol i Aol dFH
ATNFE AH3A & IFNAM 22.79g/day = HERE O,
loz °)% AH 8= 25N 2947g/day 2 71 =& oz
LERRT

i

AR A= v &8s WAAE A S vEsh 1
23 TAF AT 1] AT <Table 2>} AT

AT AFF 18 AR e 2k oy 1
THFE 2GS model 39141 1/402(7.09¢) ©18ke] 152 A
HFE AFHSHA v 150 AR T 188ke] fEol
21%(OR=0.79, 95% CI=0.67-0.93) S}k, 1/40z ©1%, loz
oJsl® AFske 152 AAFE AHTA B 15 e
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Table 1. Characteristics of participants

ME ANE gFh 19| Adkg: 2010~2016 STUAHZIYE

At AtEE 0|E5HH

109

Total nuts consumption (oz/per day)

Characteristics * p value ®
Non-consumer <1/4 1/4<intake<1 >1
N 21491(84.75) 1688( 6.66) 1404( 5.54) 776( 3.00)
Sex <0.01
Male 8677(40.38) 662(39.22) 528(37.61) 265(34.15)
Female 12814(59.62) 1026(60.78) 876(62.39) 511(65.85)
Age (years) 4168 + 0.14 43.14 + 037 ° 4508 = 041 ° 4502 = 051 ° <0.0001
19-30 3454(16.07) 215(12.74) 140( 9.97) 101(13.02)
31-50 9519(44.29) 816(48.34) 610(43.45) 270(34.79)
51-69 8518(39.64) 657(38.92) 654(46.58) 405(52.19)
BMI (kg/m?) 2377 £ 0.03 ° 23.54 + 0.09 ® 2349 + 0.11 ° 2329 + 0.13 ° <0.0001
Obesity © 6952(32.41) 506(30.01) 398(28.37) 207(26.74) <0.01
Waist circumference (cm) 8097 £ 0.10 * 80.34 + 026 ° 80.05 + 031 ° 79.74 + 038 ° <0.0001
Household income <0.0001
Low 5280(24.73) 325(19.30) 264(18.88) 149(19.25)
Middle 10847(50.81) 867(51.48) 685(49.00) 395(51.05)
High 5221(24.46) 492(29.22) 449(32.12) 230(29.72)
Educational level <0.0001
Elementary 3399(15.85) 164( 9.74) 159(11.36) 103(13.32)
Middle school 2289(10.67) 159( 9.44) 138( 9.86) 87(11.25)
High school 8102(37.78) 623(37.00) 505(36.07) 288(37.26)
College or more 7658(35.70) 738(43.82) 598(42.71) 295(38.16)
Marital status
Married 19898(82.92) 966(85.56) 1030(88.18) 998(85.89) <0.0001
Unmarried 4097(17.07) 163(14.44) 138(11.82) 164(14.11)
Smoking status <0.0001
Never 13271(61.78) 1082(64.14) 934(66.52) 516(66.49)
Former 4374(20.36) 292(17.31) 226(16.10) 118(15.21)
Current 3837(17.86) 313(18.55) 244(17.38) 142(18.30)
Alcohol consumption 0.05
Non-drinker 7196(37.27) 579(37.55) 488(38.64) 296(43.21)
Low drinker 2455(12.72) 168(10.89) 171(13.54) 95(13.87)
Low-intermediate 5119(26.52) 430(27.89) 356(28.19) 170(24.82)
Upper-intermediate 3212(16.64) 274(17.77) 182(14.41) 94(13.72)
High drinker 1324( 6.86) 91( 5.90) 66( 5.23) 30( 4.38)
Regular physical activity (times/week) © 0.03
0 3294(15.35) 212(12.59) 203(14.49) 91(11.77)
12 3948(18.40) 294(17.46) 249(17.77) 131(16.95)
35 7008(32.67) 621(36.88) 459(32.76) 282(36.48)
6~7 7203(33.58) 557(33.08) 490(34.98) 269(34.80)
Blood pressure
SBP (mmHg) 116.14 £ 0.15 * 11478 + 041 ©® 11473 = 044 ° 11553 = 0.60 * <0.0001
DBP (mmHg) 7642 £ 0.10 * 75.87 £ 029 75.66 + 0.30 ° 7572 + 040 ° <0.01
Sleep duration (hours/day) 6.90 + 0.01 * 6.88 + 0.03 ° 6.80 + 0.04 © 6.78 + 0.05 ° 0.08
Total energy(kcal/day) 2087 + 8 ° 2293 £ 25 ° 2202 + 28 ° 2024 +32° <0.0001
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Table 1. Continued

Total nuts consumption (oz/per day)

Characteristics * p value ®
Non-consumer <1/4 1/4<intake<1 >1

Nuts intake (g/day) © 0+0¢ 233 + 0.06 © 1534 + 018 ° 66.75 + 2.65 ° <0.0001
Dietary carbohydrate (g/day) " 316.17 + 0.64 * 305.09 + 1.96 ° 307.74 + 2.08 ° 31045 + 259 ° <0.0001
Dietary fat (g/day) * 44.88 + 020 © 46.57 + 0.53 ™ 4728 + 058 ° 51.79 + 0.93 ° <0.0001
Dietary protein (g/day) * 73.00 + 020 ° 72.83 + 0.61 ° 76.54 + 0.70 * 74.00 + 0.84 ° <0.0001
Dietary fiber (¢/day) ' 2279 + 0.14 ¢ 2391 + 034 ¢ 2726 = 042 ° 2947 + 054 ° <0.0001
Dietary Ca (mg/day) ' 526.36( 291.04) 521.82( 279.76) * 542.85( 246.21) * 576.23( 275.88) * <0.0001
Dietary K (mg/day) * 3171.95(1193.51) © 3221.81(1139.54) ° 345234(1321.20) ° 3555.56(1248.81) * <0.0001
Dietary MUFA (g/day) 1349 1136) © 15.18( 1031) ™ 15.97( 1046) ® 16.86( 1238) * <0.0001
Dietary PUFA (g/day) 1083 857" 1313 9.17) ° 1351( 925)° 13.77(  9.10) ® <0.0001

“ Data were expressed as weighted mean + standard deviation or number of cases (weighted %).

" Differences of basic characteristics of participants according to between total nut consumption were determined using analysis of variance for continuous variables, and Chi-square test for categorical
variables(p<0.05). abc Different superscripts are significantly different by Duncan’s multiple range test(p<0.05).

¢ Obesity : body mass index(BMI) > 25 kg/m’

¢ Alcohol intake was categorized into Non-drinker, Low drinker(one a month or under), Low-intermediate(2~4 times a month), Upper-intermediate(2~3 times a week), or High drinker(over 4 times a
week) in the past year.

¢ Regular physical activity was categorized into none(non-exercise/week), 1~2(low: exercise 1~2 times/week), 3~5(middle: exercise 3~5 times/week), 6~7(high: exercise 6~7 times/week)

" Total energy intake was adjusted using the residual method

Table 2. Odds ratios(95% confidence interval) for prevalence of hypertension by nut intake

Total nuts consumption (oz/day)

Non-consumer <1/4 1/4<, <1 >1 p for trend "
median (0.00 g/day) median (2.11 g/day) median (15.64 g/day) median (54.22 g/day)
Case/Total 5372/21628 355/1688 323/1404 183/776
Model 1 1.00 (ref) 0.74 (0.64-0.86) 0.70 (0.59-0.83) 0.73 (0.58-0.91) <0.0001
Model 2 1.00 (ref) 0.73 (0.63-0.85) 0.69 (0.59-0.82) 0.73 (0.58-0.91) <0.0001
Model 3 1.00 (ref) 0.79 (0.67-0.93) 0.78 (0.66-0.92) 0.83 (0.66-1.04) 0.02
Tree nuts consumption (oz'/day)
Non-consumer <1/4 1/4<, <1 >1 p for trend b
median (0.00 g/day) median (2.41 g/day) median (15.46 g/day) median (54.22 g/day)
Case/Total 5549/22267 295/1368 256/1167 13/557
Model 1 1.00 (ref) 0.75 (0.63-0.88) 0.66 (0.55-0.79) 0.81 (0.62-1.03) <0.0001
Model 2 1.00 (ref) 0.74 (0.63-0.88) 0.65 (0.54-0.79) 0.80 (0.61-1.05) <0.0001
Model 3 1.00 (ref) 0.81 (0.68-0.96) 0.73 (0.60-0.88) 0.93 (0.70-1.23) 0.12
Seeds consumption (oz'/day)
Non-consumer <1 >1 p for trend °
median (0.00 g/day) median (2.12 g/day) median (43.25 g/day)
Case/Total 5847/23664 342/1540 44/155
Model 1 1.00 (ref) 0.79 (0.67-0.92) 0.87 (0.58-1.30) 0.35
Model 2 1.00 (ref) 0.78 (0.66-0.91) 0.86 (0.57-1.28) 0.32
Model 3 1.00 (ref) 0.86 (0.73-1.00) 091 (0.62-134) 052

Differences were tested using multiple logistic regression analysis adjusting for the variables of each model.

Model 1 adjusted for the variable of basic variable such as age(years) and sex.

Model 2 adjusted for the variables of model 1 and additional adjusted for total energy intake(kcal/day).

Model 3 adjusted for the variable of model 2 and additional adjusted for alcohol consumption(non-drinker/low drinker/low-intermediate/upper-intermediate/high drinker), regular physical activity(times/week),
smoking(never/former/current), educational level(elementary/middle school/high school/college), BMI(kg/m?), and marital status(unmarried/married)

* loz is 28.35g

® p for trend was calculated using the median value of each nut intake category

CI, confidence interval; OR, odds ratio.
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Table 3. Association between nut consumption and prevalence of hypertension by sleep duration

Total nuts consumption (oz"/day)

Sl(i::uirdr::; n Non-consumer <1/4 1/4<, <1 >1 p for trend p for interaction ©
median (0.00 g/day) median (2.11 g/day) median (15.64 g/day) median (54.22 g/day)
Case/Total 918/2775 58/217 63/183 35/114 0.75
<0 OR ¢ (95% CI) 1.00 (ref) 0.90 (0.59-1.35) 0.99 (0.64-1.52) 0.94 (0.52-1.69) 0.83
Case/Total 1468/5852 95/469 87/400 48/225
669 OR ¢ (95% CI) 1.00 (ref) 0.67 (0.49-0.90) 0.76 (0.55-1.06) 0.66 (0.44-1.00) 0.03
Case/Total 1520/6541 117/567 91/459 49/218
[ OR ¢ (95% CI) 1.00 (ref) 0.80 (0.62-1.05) 0.63 (0.46-0.87) 0.78 (0.52-1.17) 0.03
Case/Total 1104/4853 66/336 67/294 41/178
89 OR ¢ (95% CI) 1.00 (ref) 0.84 (0.58-1.24) 091 (0.62-1.35) 1.21 (0.72-2.03) 0.58
Case/Total 362/1487 19/99 15/68 10/41
=7 OR ¢ (95% CI) 1.00 (ref) 1.07 (0.54-2.11) 1.03 (0.46-2.33) 0.62 (0.24-1.61) 0.36

Differences were tested using multiple logistic regression analysis adjusting for the variables of each model.

* loz is 28.35g

® p for trend was calculated using the median value of each nut intake category, values <0.05 were considered significant. CI, confidence interval; OR, odds ratio.

¢ p for interaction was calculated by Wald test using cross-product terms.

4 adjusted for age, sex, total energy intake, alcohol consumption(non-drinker/low drinker/low-intermediate/upper-intermediate/high drinker), regular physical activity(times/week), smoking(never/former/current),
educational level(elementary/middle school/high school/college), BMI(kg/m?), and marital status(unmarried/married)

CI, confidence interval; OR, odds ratio.

Table 4. Association between tree nut consumption and prevalence of hypertension by sleep duration

Tree nuts consumption (oz'/day)

Sl(e::ur:;xdr:;i)o " Non-consumer <1/4 1/4<, <1 >1 p for trend © p for interaction
median (0.00 g/day) median (2.41 g/day) median (15.46 g/day) median (54.22 g/day)
Case/Total 946/2852 49/177 54/161 25/79 0.76
6 OR ¢ (95% CI) 1.00 (ref) 0.85 (0.55-1.33) 1.04 (0.66-1.65) 1.10 (0.48-2.50) 0.79
Case/Total 1518/6071 76/377 67/333 37/165
669 OR ¢ (95% CI) 1.00 (ref) 0.68 (0.49-0.96) 0.65 (0.45-0.94) 0.75 (0.47-1.20) 0.08
Case/Total 1567/6790 100/461 75/383 35/154
[ 4 (95% CI) 1.00 (ref) 0.77 (0.57-1.05) 0.61 (0.44-0.84) 0.79 (0.49-1.28) 0.06
Case/Total 1150/5029 54/275 47/230 27/127
89 OR ¢ (95% CI) 1.00 (ref) 0.91 (0.59-1.40) 0.80 (0.52-1.22) 1.37 (0.69-2.69) 0.61
Case/Total 368/1525 16/78 13/60 9/32
=7 OR ¢ (95% CI) 1.00 (ref) 1.29 (0.62-2.67) 0.83 (0.36-1.92) 1.09 (0.33-3.53) 1.00

Differences were tested using multiple logistic regression analysis adjusting for the variables of each model.

* loz is 28.35g

b p for trend was calculated using the median value of each nut intake category, values <0.05 were considered significant. CI, confidence interval; OR, odds ratio.

¢ p for interaction was calculated by Wald test using cross-product terms.

4 adjusted for age, sex, total energy intake, alcohol consumption(non-drinker/low drinker/low-i
educational level(elementary/middle school/high school/college), BMI(kg/m?), and marital status(unmarried/married)

CI, confidence interval; OR, odds ratio.

'upper-intermediate/high drinker), regular physical activity(times/week), smoking(never/former/current),
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Table 5. Systolic blood pressure(SBP) and diastolic blood pressure(DBP) by total nuts consumption by sleep

duration(mmHg)
Total nuts consumption(oz/per day)
Sl(e::ur:;xdr:t;)o " Non-consumer <1/4 14 <21 >1 p for trend "
median (0.00 g/day) median (2.11 g/day) median (15.64 g/day) median (54.22 g/day)
SBP * 121.20(120.26 - 122.15)  119.19(117.02 - 121.36)  120.14(117.81 - 122.46)  120.44(117.57 - 123.32) 0.44
0 DBP * 7845( 77.85 - 79.04)  77.62( 76.24 - 79.00)  7827( 76.80 - 79.75)  77.90( 76.07 - 79.72) 0.54
SBP ¢ 118.43(117.72 - 119.13)  116.51(115.10 - 117.93)  116.76(115.24 - 118.28) 117.72(115.79 - 119.64) 0.18
669 DBP * 7725( 76.76 - 71.73) 76.29( 7533 - 77.26) 76.98( 75.95 - 178.01) 75.53( 7422 - 76.84) 0.01
SBP * 11821(117.47 - 11895)  117.32(115.98 - 118.65)  117.35(115.89 - 118.80)  118.27(116.33 - 120.21) 0.70
[ DBP * 7720( 76.70 - 77.70)  76.66( 75.76 - 77.56)  76.70( 75.72 - 77.68)  77.50( 76.19 - 78.80) 0.97
SBP * 118.15(117.29 - 119.01)  117.16(115.50 - 118.81)  115.93(114.16 - 117.69)  117.54(115.39 - 119.70) 0.15
89 DBP * 76.65( 76.06 - 77.23)  76.03( 74.90 - 77.16)  75.50( 74.30 - 76.70)  76.10( 74.63 - 77.56) 0.16
SBP ¢ 120.01(118.36 - 121.66)  123.49(120.23 - 126.74) 116.95(113.14 - 120.77) 116.68(111.93 - 121.43) 0.06
2 DBP * 77.15( 76.09 - 7822) 7851( 76.40 - 80.62) 75.96( 73.48 - 78.42) 7525( 7217 - 78.33) 0.13
SBP * 118.73(11835 - 119.11)  117.67(116.92 - 118.42) 117.24(116.43 - 118.06)  118.12(117.08 - 119.17) 0.02
foul DBP * 77.23( 76.98 - 77.49) 76.63( 76.13 - 77.14) 76.68( 76.13 - 77.22) 76.53( 75.84 - 77.23) 0.01

a Systolic blood pressure, diastolic blood pressure were assessed by a generalized linear model(GLM), adjusted for sex, age and total energy intake, alcohol(non-drinker/low drinker/low-
intermediate/upper-intermediate/high  drinker), regular physical activity(times/week), smoking(never/former/current), educational level(<elementary/middle school/high school/~university), BMI,

married(married/unmarried)
The quality unit used here is ounce(l10z=28.35g)

b p for trend was calculated using the median value of each quartile category as a continuous variable; LS(least-squares), LL-UL(lower limit-upper limit)
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