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Nutrient Intake, Lifestyle Factors and Prevalent Hypertension in Korean Adults:
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Abstract

Hypertension is a well-known risk factor for cardiovascular disease. Previous studies have shown that changes in diet
and lifestyle factors can prevent the development of hypertension, but the combined effects of these modifiable factors
on hypertension are not well established. The objective of this study is to investigate associations of diet and lifestyle
factors, evaluated both individually and in combination, with prevalent hypertension among Korean adults. We
analyzed data obtained from the 2007-2008 Korean National Health and Nutritional Examination Survey, a nationwide
cross-sectional study using a stratified, multistage probability sampling design. The associations of 12 nutrient intakes
and lifestyle factors with risk of hypertension were explored using restricted cubic spline regression and logistic
regression models among 6,351 adults. Total energy and several nutrients and minerals, including, calcium, vitamin
A, vitamin C, and sodium, showed non-linear relationships with the risk of prevalent hypertension. In multivariate
logistic regression models, dietary score, obesity and alcohol intake were independently associated with the risk of
prevalent hypertension, but smoking and physical activity were not. Overall, participants whose dietary habits and
lifestyle factors were all in the low-risk group had 68% lower prevalence of hypertension (OR: 0.32, 95 CI: 0.14-0.74)
compared to those who were at least one in the high-risk group of any dietary or lifestyle factors. The result suggests
that combined optimal lifestyle habits are strongly associated with lower prevalence of hypertension among Korean
adults. (Korean J Community Nutr 17(3): 329~340, 2012)
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(Stamler 5 1993; Rocchini 2002; Chobanian &
2003; National Statistical Office 2006; Ministry of
Health and Welfare & Korea Centers for Disease
Control and Prevention 2010). &< A7-d o] w}=wd
vt 19 1Y FHES e =2 FelE, W
3041 o &=l A3Q1 = °F 30%7F LS kil ik
B ¥ (Ministry of Health and Welfare & Korea
Centers for Disease Control and Prevention 2010).

TRl 9] el 9% T UER, g, ©
WA g 2 A8 So] dolxAo) oJ3ke n|= 4= 9)

=240, =24,
ot AAIEFATH(Whelton 5 1998; Sacks & 2001;

-329 -



330 - 2 FEel gk B3l Y1389l 74
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1. A7

2 AT Al 7] Sz dEA AR F 2007-2008
ol AE Saske] B4l ol-8-sk3itt. Al 47] 1xhd
5(2007) AReE Al 47] 222 (2008) AR & S
At 27} 4,594 9} 9,74470| 3t o] Z 1F 194 ©]

A RIS RO F4S ANSLL, theel gt
A AgIste] A% 14 IS APk 3, QA
35 ol AL S HER AR A e A

Aol 755 A4, 3k olUA] AdFo] 7H 4, A o
Hx "o F4 % (Estimated Energy Requirements:
EER) 9] 25% v|vto] A 300%5 Z¥eh= - wiA 1t
oz, Eelo] wEHt AEE ISkl AV T oS &
B3kl Q= OPIREE ofof] W 2o] 413 9 ddEvtel| of
shRs Aol Al A& Alflate], F 6,351 = i
o7 A4S At (Fig. 1).
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14,338 subjects in
the 2007-2008 KNHANES

3,825 subjects aged less than
19 years
A4
| N=10,513 |
‘ 186 pregnant or lactating women
v
| N=10,327 |
1,905 subjects with missing
values of sampling weights
y
| N=8,422 |
66 subjects with implausible
estimates of total energy intake"
v
| N=8,356 |
2,005 subjects with previous
hypertension diagnosis or with
v antihypertensive treatments

6,351 participants were available
for the analysis

Fig. 1. Flowchart for the subjects of present analysis.

1) Implausible estimates of total energy intake; age and sex
specific total energy intake less than 25% of estimated energy
requirements (EER) or more than 300% of EER.
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C. 992 H A A% A (Individual Nutrient Score,
INS)
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BMI]7} 25 w]Rto] i sfe)=d 5217} g4k 90 cm
u|qk, 32} 85 cm "R tdARES v|vE A A3
(NW) o2 73}t

C. =5 A/ 98+ 7 Won Drinkers(ND),
Drinkers (D)) : 59127 F2AF] 27 E2A) K-
T 197 SRl A3k WS o] 839l &

ol Aol 13] o], <5l 2~33),

il

z 3
ot A 07 A APT(ND) O BH3
o}

D. 5 A/ $18+ FF Non Smokers(NS),
Smokers (S)): 7T FZARe] 27 EFA) B
oA FA AR WIFE o] g5t Al S90S sk

gl e

A A FR7E el Sl thdAE F 1 A%

o

[e)

at

T (S) 0%, HIFRARE A A9 (NS) 0= E73lit.

E. 2485 A/ 98T &7 (Physically Active
Group (PAG), Physically Inactive Group (PIG)):
AT 5 AT 5/A7] AASs A5
9 A7kl tjgk AiEaks o] &slo] A AlAEE A
4= (Physical activity score)S 7|50%, & 47}
w92 T 5 Q1 Q2)2 AARE 1 AT (PIG),
T A7 =S F 252 (Q3, Q)2 AAEE A 9
3 (PAG) o7 EH3&kT}

4) NYEI WSOl 0T 29 N YHAM T p
2208 1)
TEL 8 APl et 2 2915e) BEHQ G
2457 9l3tel ol ARE 2 54 1HL A
£/ gelsgon] A - ohest 2t

7% 1 (1 low risk factor): 2]8& # 93+ (HDS)
% 2(2 low risk factors): A&} v)ak A 93+

(HDS+NW)
715 3(3 low risk factors): 21488 vl9lk S5 A 93
T+ (HDS+NW+ND)

715 4 (4 low risk factors): 28E, v]gk 25, & A
AET (HDS+NW+ND+NS)

T1%E 5(5 low risk factors): 214, vvl 25 A,
AAEE A 1S (HDS +NW+ND+NS+PAG)

5) T #Y ABTOl CHS ANZ X YHEH 2019
3T =

(D) 53 29l »3l

A el vt A48 g AgGa a”l (|R 55,
9, AR ) o] FHAR] G w48k S1ske] =A
] 324 E ol 8l A/aL ST = o] 5 57}
A ARxE 2 A8 el e SR Fa, 7)
A3 3 AP (LDS, OW, D, S, PIG) & 71%20& A )

4l

2l (HDS, NW, ND, NS, PAG) & nd¢t +19 3%
(OR) 2} 95% A12]17F(95% Confidence Interval: 95%
CD< AFESIQITh i AFellA= 18 sh A= 291E 4
3 M3 A+ (van Rossum 5 2000; Leigh & Du
2012; Siegel s 2012)E RFo% Yo ¥, 7 45

TF5 ZIHE (confounding factors) 2 A ste] EA



wold wgasit), g A a91e] S21e)
FEe Al fIgh B EEke- vt 22tk Multivariate
Model 1: thol, 4, 7 £54%¢ w4e 29
Multivariate Model 2: 1e], 49, 71+ 42553 4 A
Foll A ST} Hi= AR AlS YA 4714 Q1)

2 27ke S R,

Mo

of thate] AL 4 L5 2219
P71 $18ted, <1 1-55 0] 83k 5
A OEE SEEsE L, 18
At ¥ 1 SIS (OR) 2
95% AF73H(95% CD= W], 4l 7 A5F<s 1
At T AkEsIsict. BE S 4] A= SAS (Statistical
Analysis System ver. 9.2)Z o]g3lo] ALEsl9io, =
AA F-242 729 p < 0.052.% 71731

T o o

1
o
o2
ook

i
12

of

il
ol [‘-{

o

b nx
b

i

fi

ﬁd
32
x O

-
ok
ftlo
ofy Mo

=

o
H

ol
=t
5
i~
(o))

1 5
% BAgAAR= 6,35101%0 a1, 0159
o]tk (Table 1).

86.2%7F 71 &Al oH, tldA=e] 7H- A
450 7 =28 T150] 29% % F2 H[ES B
A& WS L 15 SR 37.2%% 7
H)Z-& A8, tiskEd 2k 27.5%0131th. 2 24
T Ade 7 A dokar §Esk Abde] 59.9
o, @A FAA7} 26.5%°10 k. ddAEL] 5 Rl
T 0.93]910H, 2AEE F 1715 7P A5 st
QL AR} H1E-L 46.8%°10tF. BMIO] w2 )ik
25t Ay} alF =2 vyl sdshs gk A

(e}
=S 1Y

i
et jz
i)
oX
X

2~
LN

3
= ol

oz o of

)

- g
1% e 0 ff jo & o

r_{
J

X

fo32

0

y
rtlm ]

s

1o

—

¢

—_ N
~ -

— Kl oQ
ng of
me B
Jo O2
of
H0 to
o K=l
O gt
- e
o

of

o.g E

02 5
o O2

rk

2 o
0F
40

\]
N
RJ
lo
2
0
[
ol — {‘-.Q rlo
129
==
L
f_,
i)
il
m}il]
fu}
]
n=)
ich
2

o
e

i

9

>,
% rlo 4
—
rlo og ofN

o |

=

)

4

ity

rlo

>

o

i

=2

X

R

w A
ook
o
38
&

¥@ o KoM
Eiy)
oE o
1o
of\
e
-z
-
)
=2
>
=
et
jins
Jo
ol
1o
0%
o

O
=
IS
N
—
job)
=5
®
)
rr Kl
ek
o2
o
N oR
Ho
oo
<
2
2
ofl
o
X
i

O
Vo

T Holt 32
HlERR C o9l o]l chste] ;e 7 $13o] ke 9]
o AGSHe AR HlEe LA ) B 44.5%, DL

2
°
N
e
)
L
[
pim
R
o
=
I

i

O

Aes - R - 8% -0 A 333

T %

Table 1. Demographic and lifestyle characteristics among 6,351
Korean adults

Characteristics Parficipants

Age (year) 46,0 = 0.47
Male 2517 (39.6)
Married (yes) 5446 (86.2)
Household income level

Low 1076 (17.5)

Mid-low 1585 (25.7)

Mid-high 1716 (27.8)

High 1785 (29.0)
Educational level

Middle school graduation or less 2242 (35.3)

High school graduation 2358 (37.2)

College or more 1744 (27.5)
Employed (yes) 3760 (569.9)
Current smoker (yes) 1358 (26.5)
Alcohol consumption (n/week) 0.9 £ 002
Physical activity

Walking 2948 (46.8)

Moderate 891 (13.1)

Vigorous 1025 (16.5)
Body Mass Index (kg/m?)

Underweight (< 18.5) 357 ( 56.8)

Normal (18.5~< 23) 2754 (43.1)

Overweight (23~< 25) 1550 (23.9)

Obesity (25 <) 1660 (27.1)

1) Data are Means = SD or N (%)

34.8%0130k. HEFS 4 AAYAZE Vo=
2200 mg ©]’¢ 4900 mg oJate] HH TS B3l thdA
A ek 718 1ol driA o v AdE B3l
olel| s sk thdAh= oF 43.7%°131t.

2 2 ANE NEINS)

EE Qdolr dte] gyt wlwsie] 424g A
#0] Fat Arrh o w3kon, o] F olluA], 2, QL 7
H, A, HIEl A, Elopil 2 SAIA 0% folehA 22 23t
£ H3ItH(Table 3).
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Fig. 2. Odds rafios (95% Cl) for the non-linear relationships between nutrient infakes (NAR) and the risk of prevalent hypertension,
evaluated using restricted cubic spline regression, adjusting for age, sex and total energy intakes.



Table 2. The optimal range of nutrient intakes for the lower risk of
prevalent hypertension

(N =6,351)
Subjects in optimal
Nufrients Unit  Optimal range intake range
n %

Energy NAR en 0.75-1.15 2882 44.5
Protein NAR >1.8 1189 21.1
Calcium NAR 06-1.1 2066 34.8
Phosphorus ~ NAR >1.75 2087 36.5
Sodium mg 2200 - 4900 2904 43.7
Potassium mg >3130 2323 39.3
Iron NAR >2 946 15.5
Vitamin A NAR 08-22 2557 42.6
Thiamine NAR >1.2 1869 33.1
Riboflavin NAR >0.9 2224 38.0
Niacin NAR >1.1 2128 36.9
Vitamin C NAR 1-2 1724 28.1

NAR_en: Estimated Energy Requirements (EER)
NAR: Nutrient Adequacy Ratio

Table 3. Comparisons of Individual Nufrient Score between
hypertension and normal groups

(N =6,351)
Individual Nutrient Score
Nutients H‘['r‘?‘ifig%‘;” [n’\'f?;’z'] ) Pvoue
Mean" SE Mean" SE
Energy 0.36 0.02 0.46 0.01 < 0.001
Protein 0.16 0.02 0.19 0.02 0.1

Calcium 0.29 0.03 0.34 0.02 0.02
Phosphorus  0.29 0.02 0.34 0.02 0.01

Sodium 0.42 0.03 0.45 0.02 0.4
Potassium 0.32 0.03 0.38 0.02 0.001
Iron 0.12 0.02 0.16 0.02 0.01

Vitamin A 0.36 0.03 0.42 0.02 0.01
Thiomine 0.25 0.02 0.30 0.02 0.01
Riboflavin 0.32 0.03 0.34 0.02 0.2
Niacin 0.32 0.03 0.34 0.02 0.4
Vitamin C 0.27 0.03 0.28 0.02 0.8

1) Values are means of Individual Nutrient Scores (INS), adjust-
ing for age, sex and total energy intake (INS of energy was
adjusted for age and sex only)

AFE F7HE BT Beol e ALt Ak Blt(OR:
0.72, 95% CI: 0.56—-0.94) (Table 4). I ¥ 21
ol gk ninke] E 2] G 24T A, A AT
1 AR (NW)-2 HIRERI AR (OW) 3 Bl wato] 1t 7+

$13do] ¢k 62% (OR: 0.38, 95% CI: 0.31-0.48) o] ¢

sxom, o= SAH R FoFt A3 Bt Hinke Al
9JF U AFES AT Foll= Aate] FoAS debH]

T & - RS - A - % -0k A - 335
°LE‘r(ORI 0.36, 95% CI: 0.28—0.48). 55 =

= oto] LS § AIFEE WA A, A AR B
1011*1 S5 A AV AA s ARF(ND)2 194
2> A (D) ol Blal 89t 718 Aol oF 41% (OR:
0.59, 95% CI: 0.47—0.74) T} W3} th& *“B% LI
5T AEE BAS ol = Ak A3E B30, o= &
|2 7 F2JaTHOR: 0.62, 95% CI: 0. 46 0.84).
FAY AA D A3 AE SHATE oL, 18 78
Ao et 51 JS BT Ay}, F QA 1
1 3} Tdo] Qi AYE Btk (59 OR: 1. 09
95% CI: 0.78—1.53, AA&F OR: 0.91, 95% CI:
0.70—1.19) (Table 4).

m-“u r_?.i
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4 DY Y AT YT AYT L YUST 2019
BONOl ¥y BN

% A8 A L9 hE AV 2919 2T JFS
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Table 4. Individual lifestyle factors and the risk of prevalent hypertension

Odds ratio (95% Cl)

Lifestyle risk factor % of 6,351 Participants

Multivariate model 1" Multivariate model 2 2

Dietary score
Dietary score lower 2 quartiles
Dietary score upper 2 quartiles

48
52

1 (Reference)
0.75(0.60 - 0.94)

1 (Reference)
0.72 (0.56 - 0.94)

Obesity

BMI > 25 or waist circumference > 90 for man,
BMI > 25 or waist circumference > 85 for woman

BMI < 25 and waist circumference < 90 for man,
BMI < 25 and waist circumference < 85 for woman

83

1 (Reference)

0.38 (0.31 - 0.48)

1 (Reference)

0.36 (0.28 - 0.48)

Alcohol use
Alcohol consumed more than 1 per month
Alcohol consumed less than 1 per month

48
52

1 (Reference)
0.59(0.47-0.74)

1 (Reference)
0.62 (0.46 - 0.84)

Smoking status
Former or current
Never

45
55

1 (Reference)
1.10 (0.83 - 1.45)

1 (Reference)
1.09 (0.78 — 1.53)

Physical activity
Physical activity score lower 2 quartiles
Physical activity score upper 2 quartiles

46
54

1 (Reference)
0.89 (0.70-1.14)

1 (Reference)
0.91(0.70-1.19)

1) Adjusted for age, sex, and household income.

2) Additionally adjusted for each of the other lifestyle risk factors in the table

Table 5. The risk of prevalent hypertension according to the number of low-risk lifestyle factors

No. of Low-risk factors

% of 6,351 Participants

Hypertension

Odds ratio (95% Cl)

1 Low-risk factors
Dietary score upper 2 quartiles

52

0.75(0.60 - 0.94)

2 Low-risk factors
Dietary score upper 2 quartiles

BMI < 25 and waist circumference < 90 for man,
BMI < 25 and waist circumference < 85 for woman

43

0.49 (0.39 - 0.62)

3 Low-risk factors
Dietary score upper 2 quartiles

BMI < 25 and waist circumference < 90 for man,
BMI < 25 and waist circumference < 85 for woman

Alcohol consumed less than 1 per month

20

0.35 (0.25 — 0.50)

4 Low-risk factors
Dietary score upper 2 quarties

BMI < 25 and waist circumference < 90 for man,
BMI < 25 and waist circumference < 85 for woman

Alcohol consumed less than 1 per month
Never smoker

14

0.33(0.21 -0.52)

5 Low-risk factors
Dietary score upper 2 quartiles

BMI < 25 and waist circumference < 90 for man,
BMI < 25 and waist circumference < 85 for woman

Alcohol consumed less than 1 per month
Never smoker
Physical activity score upper 2 quartiles

0.32(0.14 -0.74)

All models were adjusted for age, sex, and household

income
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