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Introduction

High sodium intake increases blood pressure (BP),1) and eventual-
ly leads to a high incidence of cardiovascular events.2)3) Conversely, 
reductions in sodium intake lowers BP.4)5) In the Dietary Approaches 
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to Stop Hypertension (DASH)-sodium trial, the BP lowering effect 
of low sodium diet was additive to the effects of DASH diet. Thus, a 
reduction in sodium intake is the milestone in the management of 
hypertension.

In addition to hypertension, metabolic syndrome is associated 
with high rates of cardiovascular events.6-8) Several studies that at-
tempted to identify the link between sodium intake and metabolic 
syndrome reported a high prevalence of sodium sensitivity in the 
study populations.9)10) However, the limitation of short-term inter-
vention trials is that the obtained results cannot reflect daily sodium 
intake in non-research, real-world settings. In a population-based 
study from South Korea,10) a dietary survey method was used instead 
of the 24-hour urine method in the estimation of sodium intake. 
However, dietary survey methods are limited by over- or under-es-
timation of sodium intake.11-13) 

Estimation of sodium intake by 24-hour urine collection is consid-
ered the gold standard method by the World Health Organization.14) 
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Furthermore, few studies have estimated sodium intake in subjects 
with metabolic syndrome by using 24-hour urine sodium excretion. 
In the present study, we investigated sodium intake by measure-
ment of 24-hour urine sodium excretion in individuals with meta-
bolic syndrome.

Subjects and Methods

Study subjects
The population of the present study was summed from two study 

populations. The first study (NCT01438619) was designed to im-
prove the measurement method of sodium intake and to evaluate 
the effect of sodium intake on cardiovascular health. Subjects were 
recruited by the list-assisted random digit dialing (LARDD) method.15) 
In brief, LARDD selected a random sample of both listed and unlisted 
working telephone numbers. Within each of the selected house-
holds, a random selection was used to choose between adults aged 
20 and 65 years. Of the 10576 telephone numbers, 1623 calls were 
answered. Among these, 496 participants visited the clinical trial 
center and provided written informed consent. An additional num-
ber of subjects (n=124) were recruited through advertisements.

The second study (NCT01237717) was designed to evaluate the 
relationship between sodium intake and hemodynamic variables 
among 200 volunteers recruited from outpatient clinics (35-65 years 

of age). Among the 820 participants, 531 subjects underwent com-
plete urine collection, 24-hour ambulatory BP measurement, and all 
blood tests. Subjects who had taken antihypertensive medication 
within 6 months prior to study participation were excluded to avoid 
the influence of medications on urine sodium excretion. The final 
analysis of this study included 463 subjects (Fig. 1). 

The first study began in April 2011 and the second study running 
from May 2010. Both studies were completed in December 2011. 
Both studies were performed at Dongguk University Ilsan Hospital 
with the same measurement protocol. The two study designs were 
reviewed and approved by the Institutional Review Board at Dong-
guk University Ilsan Hospital. 

Twenty four-hour urine collection
The protocol for 24-hour urine collection has been described pre-

viously.15) Briefly, the participants visited the clinical trial center be-
fore 08:30 AM and received detailed instructions about the study 
procedure and provided informed consent. Fasting blood glucose, 
total cholesterol, triglyceride, high density lipoprotein-cholesterol 
(HDL-C), low density lipoprotein-cholesterol (LDL-C), and serum so-
dium and potassium levels were measured after at least 8 hours of 
overnight fasting. Body weight, waist circumference, and height 
were also measured. BP was measured from both arms after the pa-
tients were seated for 5 minutes using a validated automatic BP 

Study 1

n=820

Study 2

Working telephone number
(n=10576)

Contacted
(n=1623)

Visited
(n=498)

Volunteers from advertisement
(n=124)

On antihypertensive medications
(n=68)

Not on antihypertensive medications
(n=463)

Complete 24-hour urine collection
Valid 24-hour ambulatory blood pressure monitoring

Valid blood test
(n=531)

Volunteers from outpatient clinic
(n=124)

Fig. 1. Recruitment of participants.
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device (WatchBP Office; Microlife, Widnau, Switzerland). The amount 
of excreted sodium and potassium was measured using a Modular DPE 
chemistry ion-selective electrode (Roche Diagnostics, Mannheim, 
Germany). Creatinine level was measured by the Jaffe reaction (Ki-
netic colorimetric assay; Roche Diagnostics). The validity of 24-hour 
urine collection was assessed by a combination of self-reported urine 
loss and 24-hour urine creatinine-based determination, assuming 
the urinary creatinine excretion rate to be constant. If a self-report-
ed loss of a urine sample was more than 100 mL or more than once, 
or if a creatinine index {24-hour urine creatinine, (mg/dL)÷(21×body 
weight)} was <0.7, the collected urine sample was considered an 
inadequate 24-hour period collection.16) 

Twenty four-hour ambulatory blood pressure monitoring
In each of the patients in both studies, 24-hour ambulatory BP 

monitoring was performed at 30 minutes intervals, in parallel to 
the 24-hour urine collection, using a Mobil-O-Graph automated, 
non-invasive oscillometric device (I.E.M. GmbH, Stolberg, Germany). 
A valid measurement was defined when >80% of the total read-
ings measured BP. Hypertension was defined as a 24-hour average 

systolic BP (SBP) ≥130 mm Hg or a 24-hour average diastolic BP 
(DBP) ≥80 mm Hg.17) 

Definition of metabolic syndrome
Diagnosis of metabolic syndrome was made when three abnor-

mal findings out of the following five findings were present: triglyc-
erides ≥150 mg/dL (≥1.7 mmol/L); HDL-C <40 mg/dL (<1.0 mmol/L) 
for men and <50 mg/dL (<1.3 mmol/L) for women; SBP ≥130 and/
or DBP ≥85 mm Hg; fasting blood glucose ≥100 mg/dL or receiving 
drug treatment for elevated blood glucose levels; and waist circum-
ference >90 cm for men and >85 cm for women.18) 

Statistical analyses
All statistical analyses were performed using Statistical Package 

for the Social Sciences version 20 (IBM, Chicago, IL, USA). Null hy-
potheses of no difference were rejected if the p was <0.05. Continu-
ous variables were expressed as mean±SD, and categorical variables 
were described by numbers and percentages. Continuous data were 
analyzed by Student’s t-test for two group comparison, and pro-
portions between groups were compared by the chi-square test. 

Table 1. Comparison of subjects with and without the metabolic syndrome

Variables MS (-) MS (+) p*

Number of subjects 332 131

Age (years) 45.4±9.8 49.0±7.5 <0.0001

Men, n (%) 99 (29.8) 92 (70.2) <0.0001

Number of normotensives, n (%) 242 (72.9) 35 (26.7) <0.0001

Number of hypertensives, n (%) 90 (27.1) 96 (73.3) <0.0001

Body mass index (kg/m2) 22.8±2.6 26.5±2.9 <0.0001

Brachial SBP (mm Hg) 118.3±15.6 134.1±15.5 <0.0001

Brachial DBP (mm Hg) 74.4±11.2 86.0±10.9 <0.0001

24-hour average SBP (mm Hg) 114.9±11.3 125.6±12.2 <0.0001

24-hour average DBP (mm Hg) 74.7±10.4 85.3±10.3 <0.0001

Total cholesterol (mg/dL) 191.3±32.1 210.2±40.1 <0.0001

LDL-C (mg/dL) 116.1±29.5 134.5±35.0 <0.0001

HDL-C (mg/dL) 61.5±13.8 43.9±9.9 <0.0001

Triglyceride (mg/dL) 95.7±55.3 233.9±236.4 <0.0001

Fasting blood glucose (mg/dL) 94.1±9.6 109.0±30.9 <0.0001

Serum sodium (mmol/dL) 141.7±2.1 141.4±2.1 0.1683

Serum potassium (mmol/dL) 4.2±0.3 4.3±0.3 0.0034

24-hour urine sodium (mmol/day) 166.2±68.0 194.5±67.5 0.0001

Men 194.2±78.9 201.2±75.1 0.5297

Women 154.3±59.6 178.7±41.5 0.0022

24-hour urine potassium (mmol/day) 56.3±18.8 61.0±20.0 0.0184

24-hour urine sodium/potassium ratio 3.1±1.2 3.4±1.3 0.0376

Data are expressed as mean±standard deviation, or number and percent in parentheses, as appropriate. *p by independent t-test or chi-square test. LDL-C: 
low density lipoprotein-cholesterol, HDL-C: high density lipoprotein-cholesterol, SBP: systolic blood pressure, DBP: diastolic blood pressure, MS: metabolic 
syndrome
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Analysis of variance test were used for evaluation of differences 
between mean values of groups. As a post-hoc analysis, Tukey’s Hon-
estly Significant Difference test was used. The association between 
tertiles of 24-hour urine sodium excretion and metabolic syndrome 
factors was assessed by the analysis of covariance (ANCOVA), con-
trolling for gender, levels of body mass index (BMI), triglyceride lev-
els, HDL-C levels, fasting blood glucose levels, the presence of diabe-
tes mellitus, and 24-hour averaged SBP and DBP. 

Results

One hundred thirty one (28.3%) of the 463 subjects had meta-
bolic syndrome (Table 1). These subjects had higher mean age, BMI, 
BP, fasting blood glucose, total cholesterol, LDL-C, and triglyceride 
levels, but lower HDL-C level, than in those without metabolic syn-
drome. The 24-hour urine sodium excretion was significantly higher 
in subjects with metabolic syndrome (p=0.0001), but only among 
women (p=0.0022) not men (p=0.5297). The 24-hour urine potassi-
um excretion and urine sodium/potassium ratio was greater for 
subjects with metabolic syndrome (p=0.0184 and p=0.0376, respec-
tively). 

To evaluate the relationships between factors important for meta-
bolic syndrome and cardiovascular anomalies, subjects with four or 
five metabolic syndrome factors were summed for analysis. The 
number of metabolic syndrome factors was significantly related 
with BMI, BP, level of total cholesterol, LDL-C, HDL-C, triglyceride, 
and fasting blood glucose. A significant relationship was found 
between 24-hour urine sodium excretion and number of metabolic 
syndrome factors (p<0.0001) (Fig. 2). Subjects with four or more 
metabolic syndrome factors had higher levels of 24-hour urine so-
dium excretion compared to those with none or a single factor (p< 

0.05 by Tukey’s HSD test). Subjects with three metabolic syndrome 
factors also had higher levels of 24-hour urine sodium excretion 
compared to those with no factors (p=0.034 by Tukey’s HSD test). A 
significant relationship between the level of 24-hour urine sodium 
excretion and number of metabolic syndrome factors existed among 
women (p=0.0308) (Fig. 2) but not men (p=0.2235) (Fig. 2). In ad-
dition, women with three metabolic syndrome factors also had 
higher levels of 24-hour urine sodium excretion compared to wom-
en with two factors (p=0.0199 by Tukey’s HSD test).

Regarding the tertile groups of 24-hour urine sodium excretion, 
the proportion of subjects with metabolic syndrome and hyperten-
sion not receiving antihypertensive medication increased across the 
tertile groups. Likewise, significant association was found between 
tertile groups of 24-hour urine sodium excretion and the preva-
lence of metabolic syndrome among women, but not men (Table 2). 
Increased BMI and triglyceride levels and decreased HDL-C levels 
were evident across the tertile groups. ANCOVA performed after ad-
justment for metabolic syndrome factors indicated an independent 
association between BMI and the tertile groups of 24-hour urine 
sodium excretion (p<0.0001). Except for gender and BMI, there was 
no association between other factors and the tertile groups (p>0.05). 
Twenty four-hour SBP and average daytime SBP were significantly 
associated with the tertile groups, and these associations remained 
significant after adjustment for age, gender, LDL-C level, smoking 
status, and presence of diabetes mellitus (p=0.0164 and p=0.0021, 
respectively). However, they were not noted when BMI was entered 
into the multivariate analysis (p>0.05).

Discussion

Most studies of sodium intake in the Korean population have 

Fig. 2. The 24-hour urine sodium excretion compared according to the number of metabolic syndrome factors. In all subjects, a significant relationship 
was found between 24-hour urine sodium excretion and number of metabolic syndrome factors (p<0.0001). There was a significant difference of 24-hour 
urine sodium excretion according to the number of metabolic syndrome factors in women (p=0.0308), but not in men (p=0.2235). Data are expressed as 
mean±standard deviation. Data from subjects with five factors of metabolic syndrome were added to four factors.

300

250

200

150

100

300

250

200

150

100

240

220

200

180

160

140

120

100

Number of metabolic syndrome factors Number of metabolic syndrome factors Number of metabolic syndrome factors

All subjects Men Women

24
-h

ou
r u

rin
e 

so
di

um
 (m

m
ol

/d
ay

)

24
-h

ou
r u

rin
e 

so
di

um
 (m

m
ol

/d
ay

)

24
-h

ou
r u

rin
e 

so
di

um
 (m

m
ol

/d
ay

)

0             1             2            3            4 0             1             2            3            4 0             1             2            3            4



34 Sodium Intake and Metabolic Syndrome

http://dx.doi.org/10.4070/kcj.2014.44.1.30 www.e-kcj.org

been based on the dietary survey data from the Korean Health and 
Nutrition Examination Survey.10)19) When evaluating the relationship 
between sodium intake and disease, it is recommended that the 
data should be obtained using the 24-hour urine collection meth-
od.14) This was done in the present study. This is the first study in the 
Korean population to evaluate the association between metabolic 
syndrome and sodium intake estimation by 24-hour urine collection.

Subjects with metabolic syndrome had a higher average sodium 
intake than subjects without metabolic syndrome. The number of 
metabolic syndrome factors was significantly associated with so-
dium intake. An additional indicator of high sodium intake in female 
subjects with metabolic syndrome was the association of numbers 
of metabolic syndrome factors with sodium intake. 

Most studies have evaluated the association of metabolic syn-
drome with sodium intake by dietary intervention, and have report-
ed increased BP in association with high sodium intake.9) Individu-
als with metabolic syndrome demonstrated augmented BP to high 
sodium intake.9) High prevalence of sodium sensitivity in individuals 
with metabolic syndrome suggests that even small increases in so-
dium consumption could be an important risk factor of cardiovascular 

events in this population.20) In addition, evaluation of sodium intake 
is also important. However, only few studies have evaluated the 
amount of baseline sodium intake in individuals with metabolic syn-
drome.21) Hoffmann and Cubeddu21) reported that sodium intake was 
higher among individuals with metabolic syndrome than among 
those without metabolic syndrome. In that study population, both 
genders exhibited significant associations between sodium intake 
and presence of metabolic syndrome, with the association being 
stronger for men than for women. On the contrary, the association 
between sodium intake and metabolic syndrome was significant 
only among women in our study. The reason for this discrepancy is 
uncertain. It might reflect differences in study populations, exclu-
sion criteria (no antihypertensive medications in our study), the 
method of 24-hour urine collection, and/or the statistical power. 
The lack of association between sodium intake and metabolic syn-
drome among men in this study will need to be verified in a larger 
population study. In the present study population, subjects with 
metabolic syndrome had higher levels of urine sodium/potassium 
ratio compared to subjects without metabolic syndrome, despite 
higher levels of potassium excretion. This result suggests high-risk 

Table 2. Comparison of metabolic syndrome, hypertension and blood pressures in tertiles of urinary sodium excretion

Tertiles of 24-hour urine sodium excretion
p

1 2 3

Urinary sodium (mmol/day) <140 140-192 >192

Number of subjects 154 155 154

Age (years) 45.6±9.9 46.6±9.8 47.0±8.2 0.4037

Body mass index (kg/m2) 22.5±2.8 23.7±2.8 25.2±3.2 <0.0001

Total cholesterol (mg/dL) 197.6±35.2 196.5±33.2 196.1±38.4 0.9361

LDL-C (mg/dL) 121.1±33.5 121.6±30.3 121.0±32.9 0.9822

HDL-C (mg/dL) 60.1±16.3 56.2±13.8 53.1±14.3 0.0002

Triglyceride (mg/dL) 109.3±64.8 131.3±93.0 164.8±227.9 0.0042

Fasting blood glucose (mg/dL) 95.6±10.6 98.4±17.8 101.0±26.6 0.0547

Subjects with metabolic syndrome (%) 24 (15.6) 46 (29.7) 61 (39.6) <0.0001*

Men 19 (46.3) 24 (41.4) 49 (53.3) 0.3532*

Women 5 (4.6) 22 (22.2) 12 (18.5) 0.0008*

Normotensives (%) 107 (69.5) 99 (63.9) 71 (46.1) 0.0001*

Hypertensives, not on treatment (%) 47 (30.5) 56 (36.1) 83 (53.9) <0.0001*

24-hour urine potassium (mmol/day) 49.2±15.9 56.1±18.5 67.7±18.7 <0.0001

24-hour urine sodium/potassium ratio 2.4±1.0 3.3±1.1 3.9±1.1 <0.0001

Blood pressure

Brachial SBP (mm Hg) 118.5±15.6 121.2±16.4 128.7±17.7 <0.0001

Brachial DBP (mm Hg) 75.4±11.7 76.4±12.2 81.2±12.2 <0.0001

24-hour SBP (mm Hg) 115.2±11.5 116.9±11.3 121.6±13.9 <0.0001

24-hour DBP (mm Hg) 75.3±10.7 76.8±11.2 81.0±11.6 <0.0001

Data are expressed as mean±standard deviation, or number and percent in parentheses, as appropriate. *p by chi-square test. LDL-C: low density lipopro-
tein-cholesterol, HDL-C: high density lipoprotein-cholesterol, SBP: systolic blood pressure, DBP: diastolic blood pressure
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diet patterns among subjects with metabolic syndrome.22) The col-
lective findings from previous and the present studies provide indi-
rect evidence that reduction of sodium consumption is an important 
preventive goal in reducing cardiovascular event in individuals with 
metabolic syndrome.

Multivariate analysis revealed a strong association between BMI 
and 24-hour urine sodium excretion. The mechanism linking obesity 
and sodium intake is currently unclear.23) One possible explanation 
is that increased food consumption could lead to high sodium in-
take. Although the concentration of sodium is low in most foods, 
increased consumption of food results in relative increases in intake 
of sodium. Indirect evidence has been reported for the association 
between increased food consumption and urinary sodium excre-
tion.24) An alternate explanation is that increased consumption of 
sugar-sweetened soft drinks are accompanied by ingestion of foods 
with high sodium content.25)26)

Obesity is a well-known risk factor of BP elevation.27) One of the 
proposed mechanisms causing BP elevation in obesity is an increase 
in sodium sensitivity.28) Previous studies have reported on the as-
sociation between metabolic syndrome and sodium sensitivity.9)10) 
Individuals with sodium sensitivity exhibits a marked elevation of 
BP with sodium intake, even at relatively low levels, when compared 
to individuals without sodium sensitivity.29) Individuals with meta-
bolic syndrome are often obese, and this may explain why BP may 
easily increase in these individuals, even if their sodium intake is 
relatively low.

The limitation of our study is non-homogeneity of the study pop-
ulation. Among the 463 subjects, 307 subjects were recruited by 
random selection method (LARDD) to obtain a representative pop-
ulation of the city in which our research institution is located. The 
remaining 156 participants were volunteers recruited through ad-
vertisement. Although a homogenous population would be ideal, 
the number of women with metabolic syndrome was not adequate 
in the subset of participants recruited by LARDD (n=18). Among 
these, only six women had four or five metabolic syndrome factors. 
Furthermore, we have to consider large daily variations in sodium 
intake and urinary sodium excretion.30) Thus, a larger study size will 
be needed to statistically power the study, and two distinct recruit-
ment protocols were used to this end.14) 

In conclusion, sodium intake was significantly higher in women 
with metabolic syndrome than in women without metabolic syn-
drome. Along with the findings from the study by Hoffmann and 
Cubeddu,21) our study implicated elevated sodium consumption 
with metabolic syndrome. While the present study did not evalu-
ate causality between high sodium intake and metabolic syndrome, 
the high prevalence of sodium sensitivity9) and high sodium intake 
indicate that dietary education to reduce sodium consumption 

should be emphasized for patients with metabolic syndrome. 
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