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Background: The sodium intake of Koreans was higher than that recommended by the World Health Organization. 
Urinary sodium, which is correlated with sodium intake, can be easily calculated by the Tanaka’s equation. This 
study aimed to evaluate the association between urinary sodium and metabolic syndrome in Korean adults using 
the 2010–2011 Korean National Health and Nutrition Examination Survey (KNHANES).
Methods: A total of 5,870 participants from the 2010–2011 KNHANES were included in this study. Twenty-four 
hour urinary sodium was calculated by the Tanaka’s equation using spot urine. Participants were divided into ter-
tiles based on urinary sodium levels. The association between urinary sodium and metabolic syndrome was ana-
lyzed using multivariate logistic regression analysis.
Results: The odds ratios (ORs) and 95% confidence intervals (CIs) of metabolic syndrome for the 2nd and 3rd ter-
tile of urinary sodium levels was 1.51 (1.16–1.97) and 1.56 (1.23–1.97) compared to the lowest tertile of urinary sodi-
um in men. The ORs and 95% CIs of metabolic syndrome in women were 1.20 (0.95–1.51) for the 2nd tertile and 
2.16 (1.68–2.78) for the 3rd tertile. These associations remained statistically significant, even after adjusting for mul-
tiple covariates such as age, education, regular exercise, smoking, and alcohol consumption.
Conclusion: These findings indicate that urinary sodium is significantly associated with metabolic syndrome in 
Korean adults.
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Introduction

High sodium intake has been reported to be related with high blood 

pressure (BP) and the risk of cardiovascular disease.1) In addition, high 

sodium intake has been associated with type 2 diabetes mellitus and 

increased insulin resistance through hemodynamic changes in the 

kidneys by sustaining renal tubular reabsorption of sodium.2) Also, 

previous studies have demonstrated that high sodium intake is corre-

lated with increased body weight and body fat mass.3,4) According to 

the guidelines of the World Health Organization (WHO), sodium in-

take is recommended to be less than 2,000 mg/d, equal to 5 g/d of 

salt.5) Moreover, the Dietary Approaches to Stop Hypertension and 

American Heart Association recommend adjusting dietary sodium to 

1,500 mg/d for cardiovascular health.6) However, the 2009 Korea Na-

tional Health Statistics reported the average sodium intake of Koreans 

was 4,600 mg/d (men 5,381 mg/d and women 3,813 mg/d).7) These 

levels are more than two times higher than those recommended by 

the WHO. The high sodium intake of Koreans might be due to the tra-

ditional dietary habits of Korea. Most Koreans eat kimchi, soup, and 

stew at almost every meal. Kimchi is made with cabbage that is mainly 

fermented by salt, a salted fish source, and red pepper. In addition, 

most of the soup and stew are seasoned with salt or soy sauce.8) There-

fore, Koreans have no choice but to consume a large amount of salt.

	 Metabolic syndrome, a cluster of risk factors including abdominal 

obesity, high BP, high fasting glucose, high triglycerides (TG), and low 

high-density lipoprotein cholesterol (HDL cholesterol), increases the 

risk of cardiovascular disease or type 2 diabetes mellitus.9,10) The preva-

lence of metabolic syndrome among participants in the Korean Na-

tional Health and nutrition Examination Surveys (KNHANES) from 

1998 to 2007 has increased significantly from 24.9% to 31.3%.11) Some 

studies have identified a relationship between sodium intake and 

metabolic syndrome.12-17) They showed that daily sodium intake was 

higher in subjects with metabolic syndrome than those without meta-

bolic syndrome.12-17) Therefore, Koreans especially might be concerned 

about this increase in people with metabolic syndrome due to their 

high sodium intake.

	 There are two methods to estimate salt intake: (1) a dietary survey in 

which one recalls the foods consumed over the previous 24 hours us-

ing a questionnaire and (2) measurement of 24-hour urinary sodium 

excretion.12-14,18) The latter is preferred because the dietary survey relies 

on individual memories and is vulnerable to recall bias. However, it is 

not easy to collect 24-hour urine samples for all examiners. Therefore, 

many researchers calculate 24-hour urine sodium by using several 

equations from the spot urine.19) The most commonly used equation is 

Tanaka’s equation. The sodium levels from Tanaka’s equation using 

the spot urine have a significant correlation with the sodium levels 

measured by 24-hour urine sample.20,21)

	 There have been a few studies done to evaluate the association be-

tween sodium excretion or sodium intake and metabolic syn-

drome.12-17) To the best of our knowledge, no previous study has evalu-

ated the relationship between estimated 24-hour urinary sodium ex-

cretion using spot urine and metabolic syndrome in representatives 

from Korea. Therefore, in this study, we aimed to investigate the asso-

ciation between urinary sodium and metabolic syndrome in Koreans 

by spot urine.

Methods

1. Study Populations and Data Collection
This study was a cross-sectional study to examine the association be-

tween urinary sodium and prevalence of metabolic syndrome in Ko-

rean adults participating in the KNHANES. All data were collected 

from 2010–2011 of the KNHANES, which was a nationally representa-

tive survey conducted by the Korea Centre for Disease Control and 

Prevention. Among the 6,084 participants who were 20 or older, 214 

participants with a medical history such as myocardial infarction, an-

gina, or renal failure were excluded because these participants might 

take medications that have an effect on sodium excretion. Therefore, a 

total of 5,870 participants were included in this study. Informed con-

sent was obtained from all participants before participating in 

KNHANES.

	 KNHANES was composed of a health interview survey, a nutrition 

survey including the frequency and kind of food intake, and a health 

examination survey including a physical examination, laboratory tests, 

and a radiologic study. The health interview survey included questions 

on age, gender, education, socioeconomic status, medical history, 

health behaviors, and quality of life. Nutrition was evaluated by ad-

ministering a validated food frequency questionnaire (FFQ) to each 

participant. The FFQ requested information regarding consumed food 

items and the frequency of food intake, which were quantified using 9 

categories: ‘never or seldom,’ ‘once a month,’ ‘two to three times a 

month,’ ‘one to two times a week,’ ‘three to four times a week,’ ‘five to 

six times a week,’ ‘once a day,’ ‘twice a day,’ and ‘three or more times 

every day.’ A health behavior survey examining such behaviors as 

smoking, alcohol consumption, and exercise was evaluated from a 

self-administered questionnaire. Alcohol consumption was investigat-

ed by questions about frequency of alcohol consumption on a weekly 

basis and the usual amount of alcohol consumption on a daily basis. 

Alcohol was defined as one or more times a month. In addition, smok-

ing was defined as more than a lifetime 5 boxes (100 cigarettes) and 

participants who reported smoking were considered current smokers. 

Participants were asked about their physical activity on a weekly basis. 

Regular exercise was defined as exercising more than 20 minutes, 

enough to sweat at one time, and regularly three times a week or more.

	 Body mass index (BMI) was calculated as the weight (kg) divided by 

square of the height (m). Waist circumference (WC) was measured 

while standing at the mid-point between the lower border of last rib 

and the ridge of iliac bone of the mid-axillary line by a single examiner. 

BP was measured by a standardized mercury sphygmomanometer af-

ter at least 5 minutes of rest. Blood sampling was performed from the 

antecubital vein in the morning after at least 8 hours of fasting. TG, 

HDL cholesterol, and fasting blood glucose were measured using an 
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enzymatic method. Urine sampling was performed from collecting in-

termediate urine. Urinary sodium levels were measured using the ion-

selective electrode method. Blood and urine laboratory values were 

measured with a Hitachi Automatic Analyzer 7600 (Hitachi High-

Technologies, Tokyo, Japan).

2. Estimation of Sodium Intake by 24-Hour Urinary Sodium 
Excretion

We estimated the 24-hour urinary sodium from the sodium and creati-

nine of spot urine samples using Tanaka’s equation.18,20,21) Tanaka’s 

equation is as follows:

Estimated 24-hour urinary sodium excretion (mmol/d)=21.98× 

XNA0.392, XNA={spot urine sodium (mmol/L)/[spot urine creatinine 

(mg/dL)×10]}×estimated 24-hour urinary creatinine (mg/d), esti-

m a t e d  2 4 - h o u r  u r i n e  c re a t i n i n e  ( m g / d ) = - 2 . 0 4 × a g e 

(years)+14.89×body weight (kg)+16.14×height (cm)-2,244.45

3. Definition of Metabolic Syndrome
Metabolic syndrome was defined according to the National Cholester-

ol Education Program, Adult Treatment Panel III.22,23) Central obesity 

among the components of metabolic syndrome was defined accord-

ing to guidelines of the Korean Society for the Study of Obesity.24) Met-

abolic syndrome was diagnosed if a subject has three or more of the 

following criteria10,22,23): (1) central obesity (WC ≥90 cm for men and 

≥85 cm for women), (2) elevated TG (fasting TG ≥150 mg/dL), (3) re-

duced high-density lipoprotein cholesterol (fasting HDL cholesterol 

<40 mg/dL in men and <50 mg/dL in women), (4) elevated BP (systolic 

BP ≥130 mm Hg and/or diastolic BP ≥85 mm Hg, or use of anti-hyper-

tensive medications), and (5) elevated fasting glucose (fasting glucose 

>100 mg/dL or use of anti-diabetic medications or insulin).

4. Statistical Analyses
The KNHANES had a complex sample design and was analyzed by 

multi-stage stratification and weighted. Data in the text and tables are 

expressed as the mean and standard error for continuous variables 

and as the sample size or counts with percentage for categorical vari-

ables. All analyses were performed according to gender. A t-test for 

continuous variables and a chi-square test for non-continuous vari-

ables were used to analyze the statistical differences between groups 

in accordance to the presence or absence of metabolic syndrome. A 

simple linear regression was used to analyze the trend of mean urinary 

sodium according to the number of the components of metabolic syn-

drome. A one-way analysis of variance with a Dunnett’s post-hoc test 

was used to compare the mean urinary sodium among 5 groups ac-

cording to the number of the components of metabolic syndrome. 

Participants were divided into gender-specific tertiles on the basis of 

urinary sodium level as follows: tertile 1, 24-hour urinary sodium 

<130.25 mmol/d; tertile 2, 24-hour urinary sodium 130.25 to 160.79 

mmol/d; and tertile 3, ≥160.79 mmol/d in men, and tertile 1, 24-hour 

urinary sodium <128.28 mmol/d; tertile 2, 24-hour urinary sodium 

128.28 to 157.95 mmol/d; and tertile 3, ≥157.95 mmol/d in women. A 

linear-by-linear association was used to analyze the differences in 

prevalence of metabolic syndrome by 24-hour urinary sodium with P 

for the trend. Compared to the lowest tertile of 24-hour urinary sodi-

um, the odds ratios (ORs) of metabolic syndrome in the highest 2 ter-

tile groups was calculated by logistic regression. Additionally, logistic 

regression was used to analyze the independent risk for metabolic 

syndrome according to 24-hour urinary sodium after adjusting for 

clinical variables related to metabolic syndrome such as age, educa-

tion, regular exercise, smoking, and alcohol consumption. P-values 

less than 0.05 were considered to be statistically significant. Statistical 

analyses were performed PASW SPSS Statistics ver. 18.0 (SPSS Inc., 

Chicago, IL, USA).

Table 1. Characteristics of the study group according to MS status

Variable
Men Women

MS No MS P-value* MS No MS P-value*

Participants 910 1,710 1,003 2,247
Age (y) 49.7±0.5 42.0±0.6 <0.01 59.5±0.6 43.4±0.5 <0.01
Body mass index (kg/m2) 26.6±0.1 23.4±0.1 <0.01 26.5±0.1 22.6±0.1 <0.01
Waist circumference (cm) 92.6±0.4 81.8±0.3 <0.01 89.2±0.3 75.5±0.3 <0.01
High school graduates (%) 586 (69.4) 1,273 (81.1) <0.01 242 (26.2) 1,522 (71.1) <0.01
Smoking (%) 380 (48.6) 749 (48.2) 0.89 44 (6.2) 104 (5.7) 0.74
Alcohol (%) 696 (80.4) 1,289 (77.8) 0.18 249 (28.5) 900 (43.6) <0.01
Regular exercise (%) 192 (22.3) 418 (26.6) 0.06 180 (17.6) 456 (21.0) 0.04
Systolic blood pressure (mm Hg) 129.0±0.8 115.4±0.5 <0.01 132.4±0.8 111.4±0.5 <0.01
Diastolic blood pressure (mm Hg) 83.8±0.5 75.2±0.4 <0.01 78.5±0.5 71.1±0.3 <0.01
Fasting plasma glucose (mg/dL) 113.7±1.1 94.7±0.7 <0.01 112.7±1.2 90.7±0.3 <0.01
Triglyceride (mg/dL) 270.8±9.8 128.8±3.7 <0.01 202.2±4.5 92.3±1.3 <0.01
High-density lipoprotein cholesterol (mg/dL) 42.1±0.4 51.9±0.4 <0.01 44.8±0.4 58.2±0.3 <0.01
Urinary sodium (mmol/d) 150.5±1.8 142.7±1.1 <0.01 152.3±1.7 139.3±1.0 <0.01

Values are presented as number, means±standard error, or number (%), unless otherwise stated.
MS, metabolic syndrome.
*Calculated by t-test (continuous variables) or chi-square test (categorical variables).
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Results

1. Characteristics of the Group according to Metabolic 
Syndrome

The characteristics of the groups in accordance with metabolic syn-

drome status are presented according to gender in Table 1. A total of 

5,870 subjects (2,620 men [44.6%] and 3,250 women [55.4%]) partici-

pated in this study. Among them, 910 (34.7%) men and 1,003 (30.9%) 

women were confirmed as having metabolic syndrome. Participants 

with metabolic syndrome were older, had a higher BMI and WC, and a 

lower HDL cholesterol and high school education than participants 

without metabolic syndrome in both men and women (all P<0.01). 

However, alcohol consumption and regular exercise were more preva-

lent in participants without metabolic syndrome in only women. Sys-

tolic BP, diastolic BP, fasting glucose, and TG showed a significant dif-

ference in both men and women; these levels were significantly higher 

in the group with metabolic syndrome than in the group without met-

abolic syndrome. Urinary sodium was significantly higher in the group 

with metabolic syndrome than those who did not have metabolic syn-

drome (P<0.01). There was no significant difference in smoking.

2. Urinary Sodium according to the Number of Metabolic 
Syndrome Components

The mean 24-hour urinary sodium according to the number of meta-

bolic syndrome components is described in Figure 1. There was a sig-

nificant increasing trend of mean urinary sodium in men and women 

(both P for trend <0.01) according to the number of metabolic syn-

drome components.

3. Association between Urinary Sodium and Metabolic 
Syndrome

Multivariate logistic regression analysis was conducted to examine the 

relationship between urinary sodium and metabolic syndrome (Table 

2). ORs (95% confidence intervals [CI]) for metabolic syndrome in the 

2nd tertile group and the 3rd tertile group in men were 1.51 (1.16–1.97) 

and 1.56 (1.23–1.97) compared to the lowest tertile group, respectively 

(P for trend <0.01). In women, ORs (95% CI) for metabolic syndrome 

in the 2nd and the 3rd tertile groups were 1.20 (0.95–1.51) and 2.16 

(1.68–2.78), respectively (P for trend <0.01). When age was adjusted in 

men and women, these associations still remained statistically signifi-

cant (P for trend=0.01 in men, P for trend <0.01 in women). Further-

more, even after adjusting for multiple covariates such as age, educa-

tion, regular exercise, smoking, and alcohol consumption, these asso-

ciations were also statistically significant. In men, multivariate adjust-

ed ORs for metabolic syndrome in the 2nd and the 3rd tertile groups 

were 1.42 (1.08–1.85) and 1.40 (1.10–1.78), respectively (P for trend 

<0.01). In women, multivariate adjusted ORs for metabolic syndrome 

of the 2nd and the 3rd tertile groups were 1.03 (0.80–1.32) and 1.54 

(1.18–2.02), respectively (P for trend <0.01). Comparing the ORs of in-

dividual components of the metabolic syndrome, central obesity, ele-

vated TG, and elevated BP or medication had a significantly positive 

relationship in men even after multivariate adjustment. On the other 

hand, central obesity, elevated TG, and low HDL cholesterol were 

more associated with 24-hour urinary sodium in women (all P for 

trend <0.01). Furthermore, these associations still remained significant 

even after age and multivariate adjustments. Table 3 shows how much 

the prevalence of metabolic syndrome increases according to each 100 

mmol/L increase in urinary sodium. When urinary sodium excretion 

is increased by 100 mmol, the ORs of metabolic syndrome increases 

by 1.79 times in men and 2.64 times in women, respectively (both P-

value <0.01). After multivariate adjustment, this association still re-

mained.

Discussion
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Figure 1. Mean urinary sodium according to the number of metabolic syndrome risk factors. (A) Men. (B) Women. Values are presented as mean±standard error. *P-values 
are calculated using simple linear regression. †P-values are calculated using one-way analysis of variance with post-hoc Dunnett’s test.
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In this study, we evaluated the risk of metabolic syndrome according 

to urinary sodium in Korean adults. The result of this study showed a 

significant association between urinary sodium and metabolic syn-

drome in Korean adults. We could confirm that participants with met-

abolic syndrome had higher urinary sodium than those without meta-

bolic syndrome. Moreover, mean urinary sodium tended to increase 

according to the number of metabolic syndrome components in both 

men and women (both P-values <0.01). Compared to the lowest tertile 

group of urinary sodium levels, subjects in the higher tertile groups 

had a higher risk of metabolic syndrome. These results suggest that 

there is a significant association between urinary sodium and meta-

bolic syndrome. In addition, sodium intake might be a potential risk 

factor for metabolic syndrome because 24-hour urinary sodium has a 

close correlation with sodium intake. Moreover, 24-hour urinary sodi-

um can be easily calculated using Tanaka’s equation from a spot urine 

sample. Therefore, the risk of metabolic syndrome can be easily pre-

dicted by the spot urine test. We also found that there was a difference 

in the components of metabolic syndrome associated with urinary so-

dium according to gender. The mechanism of difference according to 

gender was unclear. However, we might explain this as being caused 

by gender-specific body composition and characteristics. In this study, 

the prevalence of metabolic syndrome and obesity markers such as 

BMI and WC were higher in men than in women. Previous studies 

showed that the prevalence of sodium sensitivity was high in individu-

als with metabolic syndrome and obesity was a risk factor for BP eleva-

tion.16) Therefore, elevated BP among the components of metabolic 

syndrome might be meaningful in only men. In addition, high sodium 

intake tended to increase overall glucocorticoid production, which re-

sulted in increased fat mass and decreased muscle mass. Therefore, a 

high sodium diet had an influence on gender-specific metabolic pro-

files and body composition. There is also a possibility that these mech-

anisms had an influence on the gender-specific differences in the as-

sociation between urinary sodium and each component of metabolic 

syndrome.18)

	 There are several mechanisms explaining how urinary sodium 

could contribute to metabolic syndrome. First, high sodium intake is 

associated with an increased risk of obesity.16,25-27) Although the mech-

anism of how sodium intake is directly related to obesity remains un-

clear, increased food intake might increase the sodium intake and sug-

ar-sweetened beverages accompanied by food intake have a high so-

dium content.25,26) For this reason, sodium intake is likely to be related 

to an unfavorable metabolic profile. Second, hemodynamic changes 

in the kidney due to increasing sodium intake can induce an increase 

in BP, one of the criteria of metabolic syndrome.28) Although the degree 

of sensitivity to sodium intake differs among people, excess sodium 

intake leads to sodium retention, increases in cardiac output, and re-

sults in increased vascular resistance. Moreover, if sodium intake is in-

creased, the mineralocorticoid receptor is activated and distal sodium 

reabsorption is increased. In turn, these changes stimulate alpha1 and 

beta1 adrenoceptor, leading to the development of salt-induced hy-

pertension. It has also been reported that a high sodium diet increases Ta
bl
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glucocorticoid production.29) Mineralocorticoid receptor activation 

and glucocorticoid production were correlated with an unfavorable 

metabolic profile such as elevation of BP, insulin resistance, and dys-

lipidemia.14) Also, a high sodium diet is likely related to stimulation of 

adipocyte hypertrophy by increasing leptin and lipogenic enzymatic 

activity.3,30) Accordingly, it can accumulate fat and cause obesity and 

dyslipidemia.

	 Several studies have reported an association between sodium intake 

and metabolic syndrome. One study of a Chinese population reported 

that sodium intake was a dose-response relationship with central obe-

sity, hypertension, and elevated TG.12) Another study of a Spanish pop-

ulation reported that sodium intake was related with obesity and high 

BP,15) and a study of Finns reported that sodium intake was related 

with BMI, fasting glucose, and BP.17) In addition, according to the 

DONALD (Dortmund Nutritional and Anthropometric Longitudinally 

Designed) study, high sodium intake is associated with urinary sodi-

um excretion and children with a high urinary sodium excretion tend-

ed to have an increase in body fat.4) Based on these study results, it has 

been hypothesized that sodium intake or urinary sodium excretion 

may contribute to unfavorable metabolic risk profiles in spite of ethnic 

differences. There was also one Korean study in which 463 Koreans 

showed a positive association between sodium intake and metabolic 

syndrome.16) However, our study is more significant in that we demon-

strated a positive association between urinary sodium and metabolic 

syndrome using KNHANES data, which represent Koreans, and we 

therefore minimized the recall bias that can occur from the dietary 

survey.

	 Nevertheless, some limitations should be considered when inter-

preting our results. First, this study has a limitation as it is a cross-sec-

tional study and a causal relationship between urinary sodium and 

prevalence of metabolic syndrome cannot be determined. Therefore, 

the pathophysiological effect of urinary sodium on predisposition to 

metabolic syndrome should be investigated further. Although the con-

founding variables such as education, exercise, smoking, and alcohol 

consumption were used for the analysis and participants who had car-

diac and renal disease were excluded in this study, preexisting diseases 

and types of treatment that may affect urinary sodium excretion could 

not be completely determined. In addition, there may be a problem in 

applying these results to other ethnic groups, because the participants 

of this study were limited to only Koreans.

	 Despite these limitations, our findings indicate that 24-hour urinary 

sodium calculated through Tanaka’s equation using a spot urine speci-

men was associated with the prevalence of metabolic syndrome in 

Korean adults. This is the first study on the association between 24-

hour urinary sodium and metabolic syndrome using the KNHANES 

data that is representative of Koreans. Considering the clinical correla-

tion between 24-hour urinary sodium and daily sodium intake, these 

findings may be meaningful evidence showing that sodium intake 

may be an important factor in the development of metabolic syn-

drome. Therefore, an interventional trial examining whether a low so-

dium diet will retard the development of metabolic syndrome is need-

ed.
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