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BACKGROUND/OBJECTIVES: The inverse relationships of combined fruits and vegetables intake with blood pressure have been
reported. However, whether there are such relationships with salty vegetables has rarely been investigated in epidemiologic
studies. We evaluated the relation of combined and separate intake of fruits, vegetable intakes, and salty vegetables, as well
as sodium and potassium, with blood pressure among the middle-aged and elderly populations.

SUBJECTS/METHODS: The present cross-sectional analysis of a prospective cohort baseline survey was performed with 6,283
subjects (2,443 men and 3,840 women) and free of hypertension, diabetes, cardiovascular diseases, and cancer. Dietary data
were collected by trained interviewers using food frequency questionnaire.

RESULTS: The significantly inverse linear trend of diastolic blood pressure (DBP) was found in fruits and non-pickled vegetables
(81.2 mmHg in the lowest quintile vs 79.0 mmHg in the highest quintile, P for trend = 0.0040) and fruits only (80.9 mmHg
in the lowest quintile vs 79.4 mmHg in the highest quintile, P for trend = 0.0430) among men. In contrast, sodium and sodium
to potassium ratio were positively related with blood pressure among men (DBP, 78.8 mmHg in the lowest quintile vs 80.6
mmHg in the highest quintile, P for trend = 0.0079 for sodium; DBP, 79.0 mmHg in the lowest quintile vs 80.7 mmHg in the
highest quintile, P for trend =0.0199 and SBP, 123.8 mmHg in the lowest quintile vs 125.9 mmHg in the highest quintile
for sodium/potassium). Kimchies consumption was positively related to DBP for men (78.2 mmHg in the lowest quintile vs
80.9 mmHg in the highest quintile for DBP, P for trend = 0.0003). Among women, these relations were not found.
CONCLUSION: Fruits and/or non-pickled vegetables may be inversely, but sodium, sodium to potassium, and Kimchies may

be positively related to blood pressure among men.
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INTRODUCTION

The number of individual with hypertension was estimated
up to approximately 1 billion people, more than 25% of the
adult population worldwide in 2000 and it was predicted to
increase by 1.56 billion people in 2025 [1]. High blood pressure
is a significant public priority not only because it is common
and its consequences are severe but also because it can be
prevented through healthy behaviors. Among them, high
sodium intake was focused as a major risk factor to raise blood
pressure. Potassium was also studied in relation to lowering
blood pressure [2], although the recommended molar ratios of
sodium to potassium were still controversial [3,4].

Generally, diet containing abundant fruits and vegetables, like
the Dietary Approaches to Stop Hypertension (DASH) diet [2],
is recommended to prevent hypertension [5]. The recent
INTERMAP (the population-based cross-sectional international
study on Macro/Micronutrients and Blood Pressure) studies
showed the independent relationships of fruits and vegetables;
no significant relation of raw fruit and fruit juice to blood
pressure [6]; the inverse relation of commonly consumed raw
vegetables and commonly consumed cooked vegetables with
blood pressure [7]. However, most cross-sectional and prospe-
ctive epidemiologic studies have reported the inverse relations
of combined intake of fruits and vegetables to blood pressure
[8,9].
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The intake of total Fruits and vegetables, mainly vegetables,
among Koreans was 483.2 g/d in 2011, higher in comparison
with those of other European countries [10] and Japan [11].
Despite high consumption of vegetables, Korean population has
been well known to have high prevalence of hypertension
(overall 26.9%; 29.3% and 23.9% for men and women aged 30
or over, respectively) [12]. These phenomenons make us hypo-
thesize that salt or salty ingredients such as red pepper paste,
soybean paste, salt-fermented fishes and shellfishes used
before, during, and after cooking vegetables in Korean foods
contribute to high blood pressure. There was not enough
epidemiologic evidence for the relationship of combined and
separate intake of fruits and vegetables and intake of salty or
fresh vegetables, as well as sodium and potassium, with blood
pressure among Korean adults [13,14] .

The present study evaluated the cross-sectional relationship
of blood pressure-related nutritional factors including sodium,
potassium, and fruits and vegetables including Kimchie with
systolic and diastolic blood pressure among Korean adults aged
40 or over who were recruited in the baseline surveys of the
Multi-Rural communities Cohort (MRCohort), Korea.

SUBJECTS AND METHODS

Study population

The MRCohort was initiated to identify risk factors for CVD
as a part of the Korean Genome Epidemiology Study (KoGES).
At baseline, 9,696 subjects aged 40 years and over were
recruited from centers located in Yangpyeong, Namwon and
Goryeong between January 2005 and February 2010.
Yangpyeng is located 45 km east of Seoul, the capital of South
Korea, and Namwon and Goryung are located in southwestern
and southeastern areas of South Korea, respectively. The
majority of the subjects were farmers and housewives. In this
cross-sectional analysis using the baseline survey data, we
excluded subjects who reported a physician-diagnosed heart
disease (n=614), cerebrovascular disease (n=336), or cancer
(n=225), those who used any medication for diabetes (n =731),
hypertension (n =2,190), or dyslipidemia (n=197), and those
who did not have alcohol consumption data (n=281). In
addition, subjects who reported implausible dietary intake (<
500 or > 4,000 kcal/d) or more than 10 missing food items (n
=78), or those who did not have blood pressure data (n=17),
anthropometric measures (height, weight and waist circum-
ference) (n=39), and smoking status (n=18) were excluded.
A total of 6,283 subjects (2,443 men and 3,840 women) aged
40 or older (range 40 to 89 years) were included in the final
data analysis. This study was conducted in accordance with the
Declaration of Helsinki and the protocol was approved by the
Institutional Review Boards (IRB) of Hanyang University (HYUH
2005-15, 2006-32, 2007-04, 2008-09), Chonnam National
University Hospital (CNUH 06-062) and Keimyung University (KU
06-40, 07-39, 09-50). Written informed consent was obtained
from all subjects.

General characteristics, anthropometrics and biochemical variables
All procedures were conducted at three centers and followed
the standardized protocols, which were developed for a ques-

tionnaire and each examination procedure, including measure-
ments of height and weight, blood pressure, and blood
sampling. All interviewers and examiners were trained by the
same personnel from the coordinating center. A structured
questionnaire, including information on demographics, education,
smoking, alcohol consumption, exercise, medical history and
female reproductive history was administered by trained
interviewers.

Height was measured with a standard height scale to the
nearest 0.1cm and weight was measured with a metric weight
scale to the nearest 0.01 kg in light clothing without shoes.
Body mass index (BMI) was calculated as weight (kg) divided
by height square (m?). Waist circumference (WC) was measured
half way between the lowest rib margin and the iliac crest.
Blood samples were collected in the morning after at least eight
hours of fasting. Serum total cholesterol, triglycerides, glucose
and high density lipoprotein (HDL) cholesterol were measured
by the ADVIA1650 Automatic Analyzer (Siemens, New York,
USA).

Dietary assessment

Dietary data were collected by interviewers with a food
frequency questionnaire (FFQ) composed of 106 food items.
Each participant was asked to identify the usual frequency of
consumption of 106 food items during the previous year and
the average serving size consumed. The FFQ consisted of nine
frequency categories ranging from ‘never or rare’ to ‘3 times/d’,
and three serving sizes were specified. For food items with
different seasonal availability, the participants were asked to
mark how long they had eaten among four categories: 3, 6,
9, and 12 months. The validity and reproducibility of the FFQ
have been reported in detail elsewhere [15]. Nutrient intake was
calculated using a weighted frequency per day and a portion
per unit in each food item. The seventh edition of the Food
Composition Table of Korea was used as the nutrient database
[16].

Measurement of blood pressure

Blood pressure was measured from the right arm by ausculta-
tion using a standard sphygmomanometer and a standard cuff.
Two consecutive measurements of blood pressure were taken
after each subject had been sitting for at least 5 minutes.
Systolic blood pressure (SBP) and diastolic blood pressure (DBP)
were measured with a standard mercury sphygmomanometer
using the first and fifth Korotkoff sounds, to the nearest 2
mmHg. If the two systolic or diastolic blood pressures were
more than 5 mmHg apart, an additional measurement was
performed, and the mean value of the last two measurements
was used for the subsequent analyses.

Statistical analysis

Nutrient intakes were adjusted for total energy intake by the
residual method [17] and subjects were categorized into
quintiles by dietary intakes of sodium and potassium and those
of fruits and vegetables. As fruits and vegetables exposures,
combined all fruits and vegetables intake, fruits and non-picked
vegetables (excluded Kimchies and salt-pickled vegetables),
Kimchies, fresh vegetables (raw lettuce and vegetables salad),
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and fruits variables were used. To describe the baseline chara-
cteristics of the study participants, the means and standard
deviations for continuous variables and the prevalence for
categorical variables are shown. To assess potential confounders
between dietary exposure and blood pressure, the age-adjusted
average and prevalence by quintiles of dietary factors was
shown by the general linear model. The variables showing
significant differences or linear trend across quintiles of dietary
factors were adjusted for in the multivariable analyses as
potential confounders. To choose dietary potential confounders,
the same procedure above was performed for dietary factors,
which have been kwon as risk factors for blood pressure [18,19].
Among them, farmer (yes/no), marital status (married or not),
education (relatively highly educated =9 years/less), regular
exercise (yes/no) were included in the multivariable models as
categorical variables. The variables which showed 0.6 or higher
Pearson correlation coefficient with a dietary exposure factor
were not included in multivariable model. For analysis of food
as an exposure variable, sodium and potassium was not
included in the model because these foods were their major
source foods. When statistically significant effects were demo-
nstrated, Tukey's post hoc comparison test was used to identify
group differences at P < 0.05. The trend tests were conducted
by treating the median value of each category of nutrient intake
or fruits and/or vegetables intake as a continuous value. The
differences in the means of SBP and DBP between quintiles of
intake of nutrients and fruits and/or vegetables were assessed
by the general linear model. The average and 95% confidence
intervals are shown. All statistical analyses were performed
using SAS (version 9.2 SAS Institute Inc., Cary, NC) and P-values
<0.05 were considered significant.

RESULTS

General characteristics of the study population

The study participants were recruited from three centers
(35.1%, 34.5%, and 30.5% men and 33.4%, 34.7%, and 31.9%
women from Yangpyeong, Namwon and Koryung, respectively).
The proportion of men was 38.9% and the mean age was 61.5
years for men and 59.7 years for women. Men were more likely
to be highly educated, farmers, married, current smokers and
current drinkers compared to women. Among drinkers, men
reported higher levels of alcohol consumption (46.0 g/day) than
women (8.3 g/day). Men also had a higher WC, triglyceride,
blood glucose, but women were likely to have a higher BMI,
total cholesterol and LDL cholesterol. Daily nutrient intakes and
frequency of fruits and vegetables, except fruits, were higher
among men than women. The average SBP and DBP was higher
among men than women. The proportion of postmenopausal
women was 80.2% (Table 1).

The potential confounders of the relationship between sodium
intake and blood pressure

Table 2 presents potential confounding factors according to
quintiles of dietary sodium intake only. Among men, the
prevalence of farmers, WC, intakes of protein, fiber, calcium,
potassium, and kimchies showed significant difference or the
linear trend between quintiles of daily sodium intake and fruits

Table 1. General characteristics of the study subjects

Characteristics Men (n=2,443) Women (n = 3,840)

Age (yrs) 615+938 59.7 +10.0
Centers, (%)
Yangpyeong 857 (35.1) 1,284 (33.4)
Namwon 842 (34.5) 1,333 (34.7)
Koryung 744 (30.5) 1,223 (31.9)
Education (%)
Less than elementary 375 (15.4) 1,479 (36.6)
Elementary 897 (36.9) 1,284 (33.5)
Middle school 470 (19.3) 464 (12.1)
High school 458 (18.8) 465 (12.1)
College or higher 234 ( 9.6) 140 ( 3.7)
Farmer 1,564 (64.3) 1,897 (49.6)
Married 2,288 (94.2) 2,889 (75.5)
Smoking status
Non- smoker 598 (24.5) 3,633 (94.6)
Former smoker 928 (38.0) 67 (1.7)
Current smoker 917 (37.5) 140 ( 3.7)
Regular exercise, yes 467 (19.3) 805 (21.1)
Menopausal women - 3,065 (80.2)
Body mass index (kg/m?) 23730 242+32
Waist circumference (cm) 847 £82 825+89
Seated blood pressure (mmHg)
Systolic 1249 £ 16.6 121.8+18.0
Diastolic 80.1+104 778+103
Total cholesterol (mg/dL) 1922 +£35.2 204.6 +36.4
LDL cholesterol (mg/dL) 118.0+315 131.3£322
HDL cholesterol (mg/dL) 444 +11.7 459+10.3
Triglyceride (mg/dL) 159.1 £117.5 140.0 +83.0
Fasting blood glucose (mg/dL) 100.6 +£22.4 95.7£153
Alcohol intake (g/d) 30.5+56.9 26+125
Alcohol intake (g/d) for drinkers 46.0 + 64.6 83+213
Dietary intake of"”
Energy (kcal/d) 1,730 + 509 1509 + 438
Protein (g/d) 50.5+94 423 +8.1
Fat (g/d) 21.8+89 153+7.3
Carbohydrate (g/d) 307 +320 279+28.0
Crude fiber (g/d) 50+19 47+18
Potassium (mg/d) 1917 £611 1,726 £619.0
Calcium (mg/d) 352+ 162 331+163
Sodium (mg/d) 2,658 + 1,294 2,200+ 1,185
Total fruits and vegetables (g/d) 394 + 244 392 + 251
Fruits and non-pickled vegetables (g/d) 210+ 178 240+ 198
Kimchies (g/d) 175+132 144 £ 117
Raw vegetables (g/d) 84+12.2 87+135
Fruits (g/d) 153+ 152 180 + 168

All values were expressed as mean =+ standard deviation for continuous variables
or subject number and percentage in the parenthesis for categorical variables,
Y Al nutrients were total energy adjusted by residual method after log transformation,
LDL, low density lipoprotein; HDL, high density lipoprotein; BMI, body mass
index
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Table 2. Age-adjusted average or proportion of some selected characteristics of study subjects according to quintiles of sodium intake

Men (n=2443) P for Women (n = 3,480) P for
Qi @ 3 ® Qs tend” g @ @ o s trend
N 488 489 489 489 488 768 768 768 768 768
Median (min, max) 1,242 1,876 2,486 3,124 4,291 923 1,492 1,972 2,594 3,670
(69, 1,579) (1,580, 2,185) (2,186, 2,774) (2,774, 3,578) (3,578, 11,514) (71, 1,270) (1,271, 1,705) (1,706, 2,294) (2,295, 2,973) (2,974, 9,097)
Age (yrs) 61.7£105® 61.7+97° 607+98 609+97° 625+92b 03521 61.9+100° 606+98 589+101° 585+99° 587+98° <.0001
Education, =9y (%) 263 28.1 317 254 25.2 03397 1420 14.7 17.3 15.8 1.1 0.0504
Farmer (%) 56.0 55.7 555 595 614 0.0240 37.7 414 384 40.7 490 <.0001
Marital status, Married (%) 89.1 9202 912 20.7 89.5 0.8662 57.1 596 64.0 65.0 67.0 <.0001
Smoking status (%)
Former smoker 40.7 389 413 447 42.0 0.2810 4.0 3.8 39 43 32 0.3260
Current smoker 3538 370 327 339 389 0.4648 6.4 6.1 57 47 55 0.2055
Regular exercise, yes (%)” 14.2 20.8 209 16.7 16.7 0.9735 171 20.2 186 21.2 17.8 0.8024
Menopausal women (%) - - - - - 820 80.1 80.4 80.3 80.5 0.8645
Body mass index (kg/m?) 2334014 232+015 233+045 235+0.15 233+015 06875 234+0.14° 238+0.14° 23.8+0.14° 240+0.14° 241+0.14° <.0001
Waist circumference (cm) 83.1+042° 835+043° 841+043° 850+043° 839+043° 00232 80.0+038 81.9+038" 824+038™ 826+039™ 834+039° <.0001
Alcohol intake (g/d) 264+292 250+299 3424299 266+301 281+302 06277 1.82+053 221+054 224+055 323+055 322+055 00091
Nutrient intake”
Protein (g/d) 446+044° 482+045° 499+045 51.5+046° 556+046° <.0001 37.0+030° 394+031° 41.7+031° 434+031Y 472+031° <.0001
Fiber (g/d) 3.16£0.06° 406+006° 476+006° 560+006° 7.35+006° <.0001 292+005 371+005° 436+005 510+005° 679+005° <.0001
Calcium (mg/d) 27+70°  296+72° 339+72° 379+72°  485+73° <.0001 220+60° 274+6.1° 3208+6.1° 358+6.1%  460+6.1° <.0001
Potassium (mg/d) 1,341£23° 1,667+24° 1,842+24° 2062+24" 2538+24° <.0001 1217+20° 1442+21° 1,667+21° 1,864+21° 2301+21° <.0001
Daily intake of foods (g/d)
Total fruits and vegetables ~ 214+10.6° 302+108° 375+109° 443+109° 575+109° <.0001 215+9.0° 289+9.1°  357+92°  413+92%  567+92° <.0001
Fruits and vegetables without 160+89°  196+9.1°  214+9.1°  222+92°  215%£92° <0001 177+80° 207+82°  232+82™  237+83°  256+82° <.0001
Kimchies
Raw vegetables 6.18+062" 7.10+063° 825+063" 828+064° 936+064° <.0001 63+057° 67+058° 88+058  85:058° 99:058° <.0001
Kimchies 49+41°  100+42°  153+42° 212443  351+43° <0001 36+3.08° 76+314° 118+3.15° 168+3.17% 300+3.16° <.0001
Fruits 197£77°  148+7.8° 159+7.8° 164+79° 140+79 00433 137+69° 15970  174+71°  175+71°  178+7.1° <.0001

Values are expressed as age-adjusted Mean + SE or percentage,

Mean values within a low with different superscript letters were significantly different by Tukey’s multiple comparison test (£<0.05).
" Pyalues for differences across groups and Avalues for the trends were determined by GLM for continuous variables and by the Cochran-Mantel-Haenszel test for categorical

variables after adjustment for age,

2 Regular exercise was defined as subjects who exercise at least 30 minutes and three or more days per week,

9The proportion among women

“ Al nutrients were total energy-adjusted values by residual method after log transformation,

were likely to decrease. Among women, age, the prevalence
of farmer showed decreasing trend across quintiles of sodium
intake. However, the prevalence of married women, BMI, WC,
alcohol consumption, and intakes of dietary protein, fiber, and
calcium showed increasing trend. Fiber and potassium intake
were not included in multivariable model for sodium intake due
to high correlation each other. The potential confounders for all
other dietary exposures were selected by the same procedure
and were described in detail in Table 3 and Table 4.

The relationships of blood pressure with dietary intake of sodium,
potassium, and fruits and vegetables

Age- and multivariable-adjusted means of SBP and DBP
according to quintiles of sodium, potassium, and sodium to
potassium ratio are shown in Table 3. Sodium and sodium to
potassium ratio was positively related to blood pressure for
men. This relation remained after potential confounders such
as job, obesity, and dietary factors (DBP, 78.8 mmHg in the
lowest quintile vs 80.6 mmHg in the highest quintile for sodium
intake, P for trend =0.0079; DBP, 79.0 mmHg in the lowest

quintile vs 80.7 mmHg in the highest quintile, P for trend =
0.0199 and SBP, 123.8 mmHg in the lowest quintile vs 125.9
mmHg in the highest quintile for sodium to potassium ratio).
The fourth quintile of sodium intake had significantly higher
DBP comparing to the first quintile of sodium intake. Sodium
to potassium ratio for men was also positively related to SBP
(P for trend = 0.0246). Among women, dietary sodium, potassium,
and sodium to potassium ratio was positively related to DBP
and potassium was also related to SBP in age-adjusted model.
Unexpectedly the positive relationship between potassium and
SBP/DBP remained after the adjustment for potential confoun-
ders such as age, the prevalence of farmer and married women,
BMI, WC, alcohol consumption and dietary factors (p for trend
=0.0437 for SBP and 0.0277 for DBP).

Table 4 shows the relationships between fruits and/or vegetables
consumption and SBP and DBP. In men, fruits and non-pickled
vegetables (81.2 mmHg in the lowest quintile vs 79.0 mmHg
in the highest quintile, P for trend=0.0040) and fruits
consumption (80.9 mmHg in the lowest quintile vs 79.4 mmHg
in the highest quintile, P for trend =0.0430) were inversely
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Table 3. Adjusted means of systolic and diastolic blood pressure and 95 % confidence intervals (95% Cls) according to sodium, potassium, and sodium/potassium ratio

Dietary factors
Q1 Q2 23 Q4 Q5 diffzricl’)lrce” P for trend
Men
Sodium?
Median 1,242 1,876 2,486 3,124 4,291
Systolic BP, age-adjusted 124.7 (1234, 126.3) 1246 (123.1, 126.0) 1244 (123.0, 125.9) 1257 (1243, 127.2) 125.0 (1235, 126.4) 0.7680 0.6190
multivariable-adjusted 1246 (123.0, 126.1) 1244 (123.0, 125.9) 1243 (122.8, 125.7) 1255 (124.1, 127.0) 1257 (124.1, 127.3) 0.6074 0.2056
Diastolic BP, age-adjusted 789 (780, 80.07  79.7 (788, 80.6° 806 (79.7, 8157 809 (80.1, 81.8° 803 (794, 812 00137 00145
multivariable-adjusted 788 (778, 797 797 (788, 806)° 805 (796, 814° 807 (799, 81.6)° 806 (797, 81.6)° 00270 00079
Potassium®
Median 1,206 1,571 1,848 2,162 2,711
Systolic BP, age-adjusted 125.5 (124.0, 126.5) 125.0 (123.6, 126.5) 1246 (123.1, 126.0) 124.8 (1233, 126.2) 1247 (123.2, 126.2) 0.9198 0.4633
multivariable-adjusted 125.7 (1242, 127.1) 1247 (1233, 126.1) 1247 (1233, 126.1) 1244 (123.0, 125.9) 1245 (123.1, 126.0) 0.7871 0.3151
Diastolic BP, age-adjusted 79.7 (78.8, 80.6) 79.9 (79.0, 80.8) 80.4 (79.5, 81.3) 80.0 (79.1, 80.9) 80.4 (79.5, 81.3) 0.7303 0.2753
multivariable-adjusted 79.8 (78.9, 80.7) 79.8 (78.9, 80.7) 80.4 (79.6, 81.3) 79.8 (78.9, 80.7) 80.3 (794, 81.2) 0.7500 0.5180
Sodium/Potassium®
Median 0.80 1.12 135 1.59 1.94
Systolic BP, age-adjusted 124.2 (122.7, 125.6) 124.6 (123.1, 126.0) 1249 (123.5, 1264) 1249 (1234, 1264) 126.0 (1245, 127.4) 0.5248 0.0836
multivariable-adjusted 123.8 (1223, 125.4) 1245 (123.0, 126.0) 1248 (1234, 1263) 1249 (1234, 1264) 1259 (124.3, 127.5) 0.5280 0.0246
Diastolic BP, age-adjusted 79.0 (78.1, 79.9) 79.8 (78.9, 80.7) 80.3 (79.5, 81.2) 80.4 (79.5, 81.3) 80.8 (79.9, 81.7) 0.0616 0.0041
multivariable-adjusted 79.0 (78.1, 70.0) 79.8 (78.9, 80.7) 80.3 (794, 81.2) 80.3 (794, 81.2) 80.7 (79.7, 81.7) 0.1853 0.0199
Women
Sodium
Median 923 1,492 1,972 2,594 3,670
Systolic BP, age-adjusted 120.6 (119.3, 121.8) 1224 (121.2, 123.6) 121.7 (120.5, 123.0) 1222 (120.9, 1234) 122.0 (120.7, 123.2) 0.2728 0.2469
multivariable-adjusted 121.5 (1202, 122.8) 1225 (121.3, 123.7) 1219 (120.7, 123.1) 121.7 (120.5, 123.0) 121.2 (119.7, 1224) 0.6150 0.3862
Diastolic BP, age-adjusted 768 (75.9, 77.3° 783 (77.5, 790° 774 (767, 78.1)°  78.1 (77.4, 789)° 784 (777, 79.1)° 00021 00033
multivariable-adjusted 77.1 (763, 77.8) 78.3 (77.6, 79.0) 77.5 (76.8, 78.2) 77.9 (77.2, 78.6) 78.0 (77.2, 78.8) 0.1641 03113
Potassium
Median 1,022 1,356 1,644 1,959 2,537
Systolic BP, age-adjusted 120.2 (119.0, 121.5)  122.0 (120.8, 123.2) 121.8 (120.6, 123.1) 1224 (121.2, 123.7) 1223 (121.1, 123.6) 0.1119 0.0370
multivariable-adjusted 120.2 (119.0, 121.5) 121.9 (120.7, 123.1) 121.8 (120.6, 123.0) 1224 (121.2, 123.7) 1222 (121.0, 123.5) 0.1180 0.0437
Diastolic BP, age-adjusted 76.9 (76.2, 77.6) 77.8 (77.0, 78.5) 779 (77.2, 78.6) 78.0 (773, 78.7) 78.2 (775, 78.9) 0.1401 0.0255
multivariable-adjusted 76.9 (76.2, 77.6) 77.7 (77.0, 78.4) 77.9 (77.2, 78.6) 78.0 (77.3, 78.7) 782 (774, 78.9) 0.1612 0.0277
Sodium/Potassium ratio
Median 0.69 0.99 1.22 149 191
Systolic BP, age-adjusted 121.9 (1207, 123.2) 122.0 (120.7, 123.2) 1214 (120.1, 122.6) 1214 (120.2, 122.6) 122.2 (120.9, 1234) 0.8496 0.9438
multivariable-adjusted 1226 (121.3, 123.8) 1223 (121.1, 123.5) 121.3 (120.1, 122.5) 121.1 (119.8, 122.3)  121.3 (120.0, 122.6) 0.4049 0.1107
Diastolic BP, age-adjusted ~ 77.0 (762, 7770 781 (77.4, 788)°  77.5 (767, 782"  77.7 (769, 784 786 (77.9, 793)° 00253 00101
multivariable-adjusted 774 (76.7, 78.2) 783 (77.6, 79.1) 77.5 (76.8, 78.2) 774 (76.7, 78.1) 78.0 (77.2, 78.8) 0.2625 0.7193

Values are expressed as mean (95% confidence interval) and all nutrients were total energy-adjusted values by residual method after log transformation,
Y Pvalues for differences across groups and Avalues for the trends were determined by GLM for continuous variables and by the Cochran-Mantel-Haenszel test for categorical
variables after adjustment for age, Mean values with unlike superscript letters within a row were significantly different among the three groups by Tukey’s multiple comparison

test,

4 Multivariable model for sodium included age, farmer (yes/no), waist circumference, and dietary intake of protein and calcium among men and age, farmer (yes/no), married
(yes/no), BMI, alcohol, and dietary intake of protein and calcium among women,
9 Muttivariable model for potassium included age, education (> 9 y), farmer (yes/no), regular exercise (yes/no), and BMI among men and age, education (> 9 vy), farmer
(yes/no), married (yes/no), regular exercise (yes/no), and waist circumference among women,
“ Multivariable model for sodiumypotassium included age, education (> 9'y), farmer (yes/no), married (yes/no), regular exercise (yes/no), alcohol, and intake of fiber and calcium
among men and age, education (> 9 y), farmer (yes/no), married (yes/no), regular exercise (yes/no), waist circumference, and intake of fiber and calcium among women,

related to DBP in the multivariable model. The only highest
quintile group of fruits and non-pickled vegetables showed

significantly lower DBP comparing to the lower quintile and
there was no significant difference between quintiles of fruits
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Table 4. Systolic and diastolic blood pressure and 95 % confidence intervals (95% Cls) according to daily intake of fruits and vegetables (g/d)

Dietary factors in relation to blood pressure

Quintiles of daily intake of fruits and vegetables (g/d) P for P for
Q1 Q2 Q3 Q4 Q5 difference”  trend
Men
Total fruits and vegetables”
Median 145 251 342 460 690
Systolic BP, age-adjusted 1254 (1239, 1269) 125.1 (1239, 1269) 1248 (1234, 1263) 1244 (1230, 1259) 1248 (1233, 1263) 09215 08192
multivariable-adjusted 1249 (1232, 1265) 1249 (1235, 126.5) 1247 (1233, 1262) 1242 (1227, 125.6) 1249 (1232, 1265) 09505  0.8917
Diastolic BP, age-adjusted 79.7 (788, 80.6) 80.1 (79.2, 81.0) 80.5 (79.6, 80.9) 80.0 (79.1, 80.9) 80.0 (79.1, 80.9) 08145 08526
multivariable-adjusted 79.6 (78.6, 80.3) 80.2 (79.3, 81.1) 80.5 (79.6, 81.3) 79.9 (79.0, 80.8) 80.1 (79.1, 81.1) 0.7606  0.8170
Fruits and Non-pickled vegetables 3
Median 48 107 168 249 413
Systolic BP, age-adjusted 126.1 (1246, 127.5) 1257 (1242, 127.1) 1242 (122.7, 1256) 1245 (123.1, 126.0) 124.1 (1226, 1256) 0.2316  0.0601
multivariable-adjusted 126.2 (1245, 127.8) 1253 (12358, 1268) 1242 (1227, 1256) 1243 (1228, 1257) 1236 (1219, 1253) 02919  0.0649
Diastolic BP, age-adjusted 80.6 (79.7, 81.6) 80.8 (79.9, 81.7) 79.8 (789, 80.7) 79.6 (787, 80.5) 79.6 (787, 80.5) 0.1816  0.0420
multivariable-adjusted 81.2 (802, 822 808 (799, 81.7)° 799 (790, 80.8) ® 795 (786, 804) *° 790 (77.9, 80.0) ° 00436  0.0040
Raw vegetables®
Median 0.33 3.13 5.36 8.04 188
Systolic BP, age-adjusted 1248 (1233, 1262) 1252 (1239, 126.6) 1242 (1225, 1259) 250 (1236, 1264) 1251 (1236, 1266) 09119 07763
multivariable-adjusted 1244 (1229, 1259) 1252 (1238, 126.5) 1242 (1225, 1259) 1247 (1233, 126.1) 1252 (1236, 1268) 0.8678  0.6068
Diastolic BP, age-adjusted 80.3 (794, 81.2) 80.5 (79.7, 81.3) 79.6 (78.6, 80.6) 79.7 (78.8, 80.5) 80.2 (793, 81.2) 0.5482  0.8785
multivariable-adjusted 80.3 (79.4, 81.2) 80.5 (79.6, 81.3) 79.7 (787, 80.7) 79.6 (78.7, 80.4) 80.3 (79.3, 81.1) 05415 09026
Kimchies”
Median 41 88 153 206 335
Systolic BP, age-adjusted 124.1 (1226, 1255) 1249 (1234, 126.3) 1257 (1242, 127.1) 124.1 (1226, 1255) 1259 (1244, 127.3) 02559  0.1884
multivariable-adjusted 123.7 (1223, 1252) 1248 (1233, 126.2) 1256 (124.1, 127.0) 1240 (1226, 1255) 1263 (1248, 1279) 0.1012  0.0537
Diastolic BP, age-adjusted 783 (774, 792)a 799 (79.0, 80.8)ab  80.8 (79.9, 81.7)b 806 (797, 81.5b  80.7 (79.8, 81.6)b 00003  0.0008
multivariable-adjusted 782 (772 7917 800 (79.0, 80.8)° 807 (799, 816)° 806 (79.7, 81.5° 809 (80.0, 81.9°  0.0001  0.0003
Fruits®
Median 19 64 113 182 319
Systolic BP, age-adjusted 125.7 (1242, 127.2) 1257 (124.2, 127.1) 1245 (1230, 1260) 1244 (1230, 1259) 1243 (1228, 1257) 04880  0.1239
multivariable-adjusted 1255 (1239, 127.0) 1252 (1238, 126.7) 1246 (123.1, 1260) 124.1 (1227, 1256) 1243 (1227, 1259) 07353 02730
Diastolic BP, age-adjusted 80.7 (79.8, 81.6) 80.3 (794, 81.2) 79.9 (79.0, 81.2) 79.9 (79.0, 80.8) 79.5 (78.6, 80.4) 04432 00767
multivariable-adjusted 80.9 (79.9, 81.8) 80.3 (79.5, 81.2) 80.0 (79.1, 80.9) 79.8 (789, 80.6) 79.4 (784, 80.4) 03127  0.0430
Women
Total fruits and vegetables
Median 137 242 341 467 687
Systolic BP, age-adjusted 1200 (1187, 121.3) 1221 (1208, 123.3) 1219 (1206, 123.1) 1227 (121.5, 123.9) 1222 (1209, 1234) 00396  0.0410
multivariable-adjusted 1195 (1174, 121.6) 121.2 (119.1, 1232) 121.0 (1189, 123.1) 121.6 (1195, 1236) 121.1 (1189, 123.3) 02815 02818
Diastolic BP, age-adjusted 76.7 (759, 77.4) 78.1 (77.3, 78.8) 77.8 (77.1, 78.5) 783 (77.6, 79.0) 779 (772, 78.7) 00319 00733
multivariable-adjusted 76.0 (74.8, 77.3) 77.2 (759, 78.4) 76.9 (757, 78.1) 77.2 (76.0, 78.4) 76.9 (75.7, 78.2) 0.2283 03664
Fruits and Non-pickled vegetables
Median 53 120 194 286 479
Systolic BP, age-adjusted 1199 (1186, 121.1° 121.4 (1202, 122.7)® 1229 (12156, 124.1)° 1222 (1209, 1234/ 1225 (1212, 123.7° 00128  0.0210
multivariable-adjusted 119.1 (117.0, 121.3)° 1204 (1184, 1225 122.1 (1200, 124.1)° 121.0 (119.0, 123.1)* 121.6 (1195, 1238 00377  0.0887
Diastolic BP, age-adjusted 774 (77.6, 78.1) 77.9 (77.2, 78.6) 782 (77.4, 789) 77.8 (77.0, 78.5) 77.5 (768, 78.3) 06131  0.8534
multivariable-adjusted 769 (757, 78.2) 77.2 (76,0, 78.4) 775 (76.3, 78.7) 76.7 (75.5, 77.9) 764 (75.2, 77.7) 03814 02097
Raw vegetables,
Median 042 292 536 9.04 196
Systolic BP, age-adjusted 1211 (1199, 1223) 121.2 (1200, 122.3) 121.8 (1204, 123.2) 1232 (121.9, 124.4) 1218 (1205, 123.0) 0.1221 03791
multivariable-adjusted 1212 (1200, 1224) 121.1 (1199, 122.3) 121.8 (1204, 123.2) 123.1 (1219, 1244) 1215 (1202, 1229) 0.1454  0.6767
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Table 4. continued

Quintiles of daily intake of fruits and vegetables (g/d) P for P for

Q1 Q2 Q3 Q4 Q5

782 (77.5, 78.9) 775 (76.8, 78.2) 775 (767, 78.3) 78.2 (774, 78.9) 774 (766, 78.1) 03628  0.3048
783 (77.5, 79.0) 77.5 (76.8, 78.2) 775 (76.7, 78.4) 78.2 (774, 78.9) 77.2 (764, 78.0) 0.1982  0.1553

difference”  trend

Diastolic BP, age-adjusted

multivariable-adjusted
Kimchies

Median 25 77 111 166 293
121.3 (120.1, 122.5) 122.3 (121.1, 123.5) 121.0 (119.8, 122.2) 122.1 (120.9, 123.4) 122.1 (1209, 1234) 04869 04128
121.3 (119.2, 123.2) 1213 (119.2, 123.3) 1202 (1182, 122.2) 120.8 (1188, 122.9) 1204 (1183, 1224) 0.6523 03393
76.6 (75.9, 773 78.1 (774, 78.9)b 77.2 (765, 77.9)ab 783 (77.6, 79.0)b 786 (77.8, 79.3)b 0.0006  0.0006
763 (75.1, 77.5) 77.3 (76.1, 78.5) 76.5 (753, 77.7) 773 (76.1, 78.5) 773 (76.1, 78.6) 03393  0.0921

Systolic BP, age-adjusted
multivariable-adjusted
Diastolic BP, age-adjusted
multivariable-adjusted
Fruits
Median 24 77 138 219 380
119.7 (1184, 120.9° 121.7 (120.5, 123.0)ab 122.7 (1214, 123.9)b 122.2 (121.0, 123,4)b 1226 (1213, 123.8)b 0.0077  0.0140
119.0 (116.9, 121.1)* 120.8 (118.7, 122.8)ab 121.8 (1198, 123.9)b 121.0 (119.0, 123.1)ab 121.8 (119.7, 123.9)b 0.0257  0.0359
773 (766, 78.1) 780 (77.3, 78.8) 78.2 (774, 78.9) 77.7 (78.0, 78.4) 776 (768, 78.3) 04999  0.8664
76.7 (755, 77.9) 773 (76.1, 78.5) 774 (76.2, 78.6) 76.6 (75.5, 77.8) 76.6 (754, 77.9) 03795 04191

Values are expressed as mean (95% confidence interval) and all nutrients were total energy-adjusted values by residual method after log transformation,

Y Pyalues for differences across groups and Avalues for the trends were determined by GLM for continuous variables and by the Cochran-Mantel-Haenszel test for categorical
variables after adjustment for age, Mean values with unlike superscript letters within a row were significantly different among the three groups by Tukey’s multiple comparison
test,

 Multivariable model for total fruits and vegetables included age, education (> 9 y), smoking (current/former/none), regular exercise (yes/no), BMI, and intake of energy, protein,
and calcium among men and age, education (> 9 y), married (yes/no), smoking (current/former/none), regular exercise (yes/no), BMI, alcohol, and intake of energy, protein,
and calcium among women,

9 Multivariable model for total fruits and non-pickled vegetables with salt included age, education (> 9 y), farmer (yes/no), married (yes/no), smoking (current/former/none),
regular exercise, and intake of energy, protein, fiber, and calcium among men and age, education (> 9 ), farmer (yes/no), married (yes/no), smoking (current/former/none),
regular exercise, BMI, and intake of energy, protein, fiber, and calcium among women,

“ Multivariable model for raw vegetables included age, education (> 9 y), farmer (yes/no), smoking (current/former/none), regular exercise (yes/no), and intake of energy, protein,
fiber, and calcium among men and age, education (> 9 ), farmer (yes/no), ), regular exercise (yes/no), alcohol, and intake of energy, protein, fiber and calcium among
women,

9 Mutivariable model for Kimchies included age, farmer (yes/no), waist circumference, and intake of energy, protein, and calcium among men and age, education (> 9 ),
farmer (yes/no), ), married (yes/no), smoking (current/former/none), BMI, and intake of energy, protein, and calcium among women,

9 Multivariable mode! for fruits included age, education (> 9 y), smoking (current/former/none), regular exercise (yes/no), BMI, alcohol, and intake of energy, protein, fiber,
and calcium among men and age, education (> 9 y), farmer (yes/no), smoking (current/former/none), regular exercise (yes/no), BMI, and intake of energy, protein, fiber,

Systolic BP, age-adjusted
multivariable-adjusted
Diastolic BP, age-adjusted

multivariable-adjusted

and calcium among women,

consumption in the post-hoc test. In contrast, Kimchies
consumption was positively related to DBP (78.2 mmHg in the
lowest quintile vs 80.9 mmHg in the highest quintile for DBP,
P for trend = 0.0003) in multivariable model. The third and the
higher quintiles of Kimchies showed significantly higher DBP
comparing to the lowest quintile of Kimchies. Among women,
total fruits and vegetables, fruits and non-pickled vegetables,
raw vegetables, and Kimchies did not show the linear relation-
ship with DBP and SBP in multivariable models. However, fruits
consumption (119.0 mmHg in the lowest quintile vs 121.8
mmHg in the highest quintile, P for trend =0.0359) was
positively related to SBP.

DISCUSSION

In the present study, there was the inverse relationship of
fruits and combined intake of fruits and non-pickled vegetables
with blood pressure among men. In contrast, sodium, sodium
to potassium ratio, and Kimchies were positively related to
blood pressure among men. For women, these findings were
not found and unexpectedly positive relation of potassium and
fruits intake were shown.

In various industrialized populations, the average sodium

intakes are also very high, 2-3 folds in comparison with the
current Dietary Reference Intakes (DRI) of 1,500 mg/d. The Korea
National Health and Nutrition Examination Survey (KNHANES)
in 2010 reported that sodium intake was 403% and 289% of
DRI for men and for women, respectively [12]. Epidemiological
studies [20,21], clinical trials [22,23], and meta-analysis of trials
[24] have demonstrated the causal relationship between high
sodium intake and high blood pressure. The positive relation
of sodium intake with blood pressure among men in the
present study was in agreement with these previous findings.
However, some previous Korean studies, but not all [25,26], did
not show the positive association between sodium intake and
blood pressure [13,14,27]. This discrepancy may be due to
different dietary assessment methods between previous studies
and the present study. In these previous studies, the sodium
intakes were calculated from one day 24 hour recall, whereas
in the present study the sodium intake was from FFQ, which
may generally reflect usual intake better than 24 hour recall.
However, it should not be rule out that our FFQ was developed
on the basis of food items not including seasoning and oils
and thus there was a limitation to estimate salt intake, although
almost foods except some salt and red pepper paste among
the top 10 Korean sodium source food items (salt, cabbage
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Kimchi, soysauce, soybean paste, ramen, red pepper paste, small
radish Kimchi, white rice, noodle, mixed soybean paste with
red pepper paste) [12] were included in our FFQ.

The positive relation of sodium intake to blood pressure was
not found among women in the present study. This gender
difference was not consistent in previous studies. There was
no significant gender difference in the DASH trial [28] and the
DASH-Sodium trial. The phase 1 of Trials of Hypertension
Prevention (TOHP-1) showed the greater effect of sodium intake
in women than men. The DASH-sodium and TOHP-1 trials were
among subjects with prehypertension and stage 1 hypertension
and thus results from these studies could not directly compared
with our findings. A Japanese study suggested a possible
mechanism for gender difference between sodium intake and
blood pressure; there may be no gender difference in salt-
sensitivity and more decrease of plasma rennin activity after
NaCl load in men than in women may make different blood
pressure elevation between men and women [29].

Potassium and blood pressure hypothesis is that high
potassium intake may have beneficial effect on lowering blood
pressure [23] and it may be through increasing sodium excretion
and decreasing calcium excretion [5]. However, there was no
inverse relationship of potassium intake with blood pressure
in the present study. It was consistent with the findings of
previous Korean studies [14,25]. These results could be due to
potassium source foods, vegetables, which were mainly eaten
with salt or salty seasonings. Koreans frequently have various
Kimchies pickled in salt and also have a lot of cooked or raw
vegetables with salt or salty seasonings such as soy sauce,
soybean paste, or red pepper paste. Thus, potassium was
strongly correlated with sodium intake (Pearson r=0.70 for men
and r=0.65 for women in the present study). In the present
study, men with 116 g/d Kimchies (the lower cutoff value of
the third quintile) and higher had relatively higher DBP
comparing to men with less than 75 g/d (the upper cutoff value
of the first quintile) (p for difference = 0.0001). Kimchies (cabbage
Kimchies and Korean radish Kimchies) consumption with salt,
which was positively related to SBP and DBP, contributed to
more than 20 % of potassium intake and more than 50% of
sodium intake for men and women (data not shown). The
unexpected positive relation between potassium intake and
blood pressure among women disappeared after controlling for
Kimchies and/or pickled vegetables with salt.

Recently, sodium to potassium ratio, rather than sodium and
potassium itself, was recommended [4]. The positive relation
of SBP and DBP with sodium to potassium ratio among men
was found in the present study. This was in agreement with
the effect of urinary sodium to potassium ratio on DBP among
adults in the Dallas Heart Study, US [30] and on SBP in older
adults in Australia [31]. This positive relation among men was
not found among women. The Dallas Heart Study also
cross-sectionally demonstrated gender difference that the DBP
increase was higher in men than in women per 3-unit increase
in urinary sodium to potassium ratio [30].

Despite general recommendation of fruits and vegetables,
there were not many epidemiologic studies on the effect of
fruits and vegetables on blood pressure. There were some
well-known clinical trials using diet rich in fruits and vegetables

[28,32]. The most well-known trial is the DASH [28], which
showed that the fruits and vegetables diet reduced systolic
blood pressure by 2.8 mmHg and diastolic blood pressure by
1.1 mmHg more than the control diet [28]. Although the DASH
trial was carried out among adults with borderline high blood
pressure and showed beneficial effect, this study suggests the
possibility that dietary pattern relatively rich in fruits and
vegetables may be beneficial, but salty vegetables may be
harmful on blood pressure. The mechanisms of beneficial effect
of fruits and vegetables are still unclear. Potassium, calcium,
and magnesium, which are rich in fruits and vegetables, may
reduce blood pressure [33,34]. In addition, the DASH may lower
blood pressure, beyond those minerals and fiber, possibly by
antioxidants and isoflavones [35-38].

In the current study, the relatively high consumption of fruits
and non-pickled vegetables (312 g/d and higher) showed the
lower DBP comparing to less than 77 g/d fruits and non-pickled
vegetables consumption for men (p for difference = 0.0436). In
addition, the fruits consumption was linearly related to DBP for
men. However, it was not explained by the potassium effect
and by the calcium and fiber effect, because potassium was
highly correlated with sodium and calcium and fiber was
considered as confounders. Thus, this study also could expect
the possible effect of antioxidants or isoflavones like the DASH
study. Therefore, further study on other components of fruits
and vegetables other than potassium, calcium, and fiber
involved in reduction of blood pressure is needed. In the present
study, the gender difference in the relationship between fruits
consumption and blood pressure was found. The positive
relationship between fruits consumption and SBP for women
may be explained by high content of fructose in fruits, which
may induce hypertension [39]. However, the female sex hormone
may play an important role in the prevention of hypertension
secondary to insulin resistance [39] and thus fructose could not
explain the gender difference in this study, although the high
proportion of women (80.2%) were post-menopausal (80.2%).
Therefore, further studies are needed to confirm this finding
and the possible mechanisms.

We did not find beneficial effect of raw vegetables among
men and women, and harmful effect of fruits among women,
in contrast to beneficial effect among men. The non-significant
finding in raw vegetables may be inferred from a unique Korean
culture that most vegetables are cooked with salty seasonings.
The inverse relation of fruits to blood pressure among men in
the present study was in agreement with the KNHANES IlI
finding showing that fruit intake estimated by a 24 hour recall
was negatively associated with SBP among subjects with
metabolic syndrome [26]. This anti-hypertensive effect of fruits
may be through antioxidant vitamins, fiber content, favonols,
anthocyanins, and procyanindins [40]. Meanwhile, because the
experimental studies suggested that an acute effect of fructose
raise blood pressure [41], fructose from fruits may explain the
positive relation of fruits among women. However, the conflicting
effect of antioxidants and fructose in fruits on blood pressure
could not explain the gender-difference in the relationship
between fruits and blood pressure.

Several limitations should be considered to interpret results
in the present study. First, because this study design was
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cross-sectional, we cannot conclude the causality in the present
study. Second, the relatively low coverage of sodium intake
from the food-based FFQ not including most seasonings is the
important limitation to interpret the findings, although, as we
described in the above, the FFQ in the present study included
most of sodium source. The validity of dietary sodium intake
using dietary assessment methods, regardless of 24 hour recalls,
records, and FFQ, may be low. Therefore, the relation we found
in the present study should be confirmed in a large prospective
study using more valid sodium and potassium assessment
methods. Third, Korean diet is complicate to study on sodium
intake and blood pressure due to various sources of sodium
such as homemade seasonings and due to common sources
of beneficial and harmful effect such as vegetables with salty
seasonings. Thus, it was difficult to dissociate the effects of
highly correlated nutrients with each other on blood pressure.
Therefore, the intervention studies using Korean diet separating
beneficial and harmful components and using low salt Kimchies
and vegetables on blood pressure are needed.

In conclusion, sodium, sodium to potassium ratio, and Kimchies
as a sodium source is positively, but fruits and/or non-pickled
vegetables is inversely related to blood pressure for men. The
present study findings suggest that dietary recommendation
should be culture-sensitive and in the aspect of public health,
low salt Kimchies and vegetables should be recommended to
prevent hypertension.
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