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A Higher Salt Intake Leads to a Lower Rate of Adequate Blood

Pressure Control

Jeonghwan Lee," Hajeong Lee,
Kiwon Kim,* Jung Hwan Park,*
Suhnggwon Kim,® and Jieun Oh®

The relationship between salt intake and adequate blood pressure control is not well
investigated in Korea populations, especially in patients with cardiovascular disease. This
cross-sectional study enrolled 19,083 subjects who participated in the Korea National

Health and Nutrition Examination Survey conducted from 2009-2011. The amount of salt
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intake was estimated using the Tanaka equations based on spot urine samples. Comparing
patients with and without cardiovascular disease, systolic blood pressure (129.1 + 18.1
mmHg vs. 120.0 = 18.1 mmHg, P < 0.001) and the amount of urinary sodium excretion
(149.4 + 37.5 mM/day vs. 144.1 + 36.2 mM/day, P < 0.001) were higher in patients with
cardiovascular diseases. Among patients with cardiovascular disease, the high blood
pressure group showed an increased amount of urinary sodium excretion compared to the
normal blood pressure group (155.5 + 38.2 vs. 146.6 + 36.9 mM/day, P < 0.001). The
odds ratio (OR) of high blood pressure was higher (OR, 1.825; 95% Cl, 1.187-2.807;
P-for-trend 0.003, highest quartile of urinary sodium excretion vs. lowest quartile) in
patients with cardiovascular disease. A higher amount of urinary sodium excretion was

associated with a lower rate of adequate blood pressure control in Korean population,
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INTRODUCTION

Sodium is an essential electrolyte for regulating blood volume
and osmotic equilibrium in the human body. However, high
sodium intake leads to fluid retention and subsequent increase
in blood pressure. Animal research has demonstrated that in-
creased sodium intake could result in volume overload and hy-
pertension (1), and clinical studies have shown that high sodi-
um intake is closely associated with elevated blood pressure (2).
Hypertension is a risk factor for cardiovascular disease and one
of the leading causes of mortality in the general population (3).
Therefore, dietary sodium intake is considered to be a modifi-
able risk factor for the development of hypertension and car-
diovascular disease, and the importance of salt restriction is
emphasized in the general population, especially in patients
with cardiovascular disease. The World Health Organization
has emphasized salt reduction as one of the top three priorities
for improving the global non-communicable disease crisis (4),
and it is recommended that sodium intake be below 2 g/day to
reduce blood pressure and the risk of cardiovascular disease,
stroke, and coronary heart disease in adults (5). The 2010 Di-
etary Guidelines for Americans recommend that adults in gen-
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especially with cardiovascular disease.
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eral should consume no more than 2,300 mg of sodium per
day; additionally, those who are 51 yr of age and older, African
Americans, and those who have high blood pressure, diabetes,
or chronic kidney disease should limit their intake to 1,500 mg
of sodium per day (6). Indeed, a recent meta-analysis revealed
the blood pressure-lowering effects of sodium restriction (7).
Despite the risks associated with high salt intake, general
population consumes much more sodium than recommended.
The average daily sodium intake of Americans aged 2 yr and
older is more than 3,400 mg (8). In 2010, South Koreans con-
sumed 4,878 mg of sodium on average, which is 2.4 times high-
er than the WHO recommended daily intake of 2,000 mg per
day (9). Although it is recommended that patients with cardio-
vascular disease reduce their sodium intake, the actual amount
of sodium consumed and the relationship between the amount
of sodium consumed and blood pressure in those with cardio-
vascular disease have not been well investigated. The aim of
this cross-sectional study was to evaluate the effects of dietary
sodium intake on blood pressure in the general populations
and in subjects with cardiovascular disease in Korea. We aimed
to investigate whether the effects of high sodium intake on
blood pressure would be the same or different among patients
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with or without cardiovascular diseases.
MATERIALS AND METHODS

Description of study subjects

This present study was performed based on data acquired from
the fourth Korea National Health and Nutrition Examination
Survey (KNHANES) conducted in 2009-2011. The KNHANES
has been carried out periodically since 1998 to assess the health
and nutritional status of the civilian Korean population. The
number of patients after primary selection was 42,347. Patients
(n =10,972) younger than 20 yr were excluded. Among the
31,375 adult patients, the amount of urinary sodium excretion
could be calculated in 19,083, and these subjects were included
in the final statistical analysis. High blood pressure was defined
as systolic blood pressure above 140 mmHg or diastolic blood
pressure above 90 mmHg. Patients with hypertension were de-
fined as patients with high blood pressure or those currently
taking antihypertensive medications. Patients with coronary
heart disease were defined as patients who had a history of an-
gina or myocardial infarction. Patients with cerebrovascular
disease were defined as patients who had history of diagnosis
or treatment of brain hemorrhage or stroke. Cardiovascular dis-
ease was defined as either coronary heart disease or cerebro-
vascular disease.

Study measurements

The amount of salt intake was estimated based on the amount
of urinary salt excretion. In this study, the amount of salt excret-
ed was calculated with the Tanaka equations using a random
urine sample. Essentially, the amount of salt excreted was cal-
culated by multiplying the urinary sodium and creatinine ratio
by the 24-hr urinary creatinine excretion rate. The Tanaka
equations are as follows: 24-hr urinary sodium excretion (mM/
day) = 21.98 x urinary sodium concentration/urinary creatinine
concentration x (-2.04 x age+14.89 x body weight [kg]+16.14
x height [cm] - 2244.45)°% (10).

Statistical analysis

Statistical analyses were performed using the IBM SPSS soft-
ware package, version 21.0 (SPSS Inc., Chicago, IL, USA). Con-
tinuous data are presented as the means and standard devia-
tion, and categorical data are presented as frequencies. The
amount of urinary sodium excretion was categorized into quar-
tile categories according to the existence of cardiovascular dis-
ease. Comparisons of blood pressure across the urinary sodium
excretion groups were performed using analysis of variance
(ANOVA) methods for the primary analysis and analysis of co-
variance (ANCOVA) adjusting for age, sex, BMI, diabetes melli-
tus, hemoglobin levels, eGFR, and total cholesterol levels for
the secondary analysis. Correlations between the 24-hr salt ex-
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cretion and blood pressure measurements were identified us-
ing linear correlation methods. A comparison of salt excretion
between the blood pressure groups was performed using ANO-
VA and ANCOVA. Finally, the risk of uncontrolled blood pres-
sure according to the amount of salt excretion was investigated
by univariate and multivariate logistic regression methods ad-
justing for age, sex, and body mass index. All analyses were se-
quentially performed in the total participants group and in the
cardiovascular disease group. All tests were two-sided, and P
values of < 0.05 were considered to be significant.

RESULTS

Participant characteristics

The clinical and laboratory characteristics of the participants
are summarized in Table 1. A total of 19,083 adult participants
were enrolled in this study. In the total participants group, the
mean age was 50.2 + 16.1 yr, and 45.4% of the participants were
male. The body mass index was 23.7 + 3.3. Systolic blood pres-
sure was 120.4 + 17.6 mmHg, and diastolic blood pressure was
77.1 +10.7 mmHg. The estimated urinary sodium excretion
was 144.3 + 36.3 mM/day. The total number of patients with
cardiovascular disease was 843 (4.4%). The mean age of the
participants with cardiovascular disease was 65.3 + 10.5 yr; sys-
tolic blood pressure was 129.1 + 18.1 mmHg, diastolic blood
pressure was 77.1 + 10.4 mmHg, and the estimated urinary so-
dium excretion was 149.4 + 37.5 mM/day. Compared to the pa-
tients without cardiovascular disease, the patients with cardio-
vascular disease were older with a male preponderance, high

Table 1. Baseline characteristics according to comorbidities

Participants Participants
o All participants .With vyithout
Characteristics cardiovascular cardiovascular  Pvalue
= ieee) disease disease
(n=843) (n = 18,240)
Age (yr) 50.2 £ 161 653+ 105 495+16.0 <0.001
Sex (male) 8,673 (45.4%) 439 (52.1%) 8,234 (45.1%) < 0.001
BMI (kg/m?) 23.7+ 3.3 24,7 + 3.1 236 +33 <0.001
SBP (mmHg) 1204 £17.6 1291 £ 181 120.0 + 18.1 < 0.001
DBP (mmHg) 771107 771 £104 771 £107 0.962
Diabetes 2,219 (11.1%) 243 (28.8%) 1,876 (10.3%) < 0.001
Hemoglobin (g/dL) 140+ 16 138 £ 16 140+16 <0.001
BUN (mg/dL) 144 £ 44 16.6 £ 5.1 143+ 43 <0.001
Creatinine (mg/dL) 0.83+021 093+0.30 0.82+021 <0.001
eGFR (m/min/1.73m?3) 945 + 185 821 +19.9 950+ 18.2 <0.001
Glucose (mg/dL) 979+ 23.0 1052 +26.2 97.6+227 <0.001
Total cholesterol (mg/dL) 189.4 + 36.4 179.1 £ 39.1 189.9 £ 36.2 < 0.001
Daily sodium 1443 £ 36.3 1494 £ 375 1441 £36.2 <0.001

excretion™ (mM/day)

Data expression as mean + standard deviation or numbers with percentage, as ap-
propriate. P values are those of independent t-test or chi-square test. *The amount of
daily sodium excretion was estimated using the Tanaka equations based on spot
urine sample. BMI, body mass index; BUN, blood urea nitrogen; DBP, diastolic blood
pressure; eGFR, estimated glomerular filtration rate; SBP, systolic blood pressure.
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body mass index, high systolic blood pressure, high incidence
of diabetes, high cholesterol levels, and decreased renal func-
tion. However, diastolic blood pressure did not differ between
the two groups. The amount of urinary sodium excretion was
significantly higher in the patients with cardiovascular disease
(149.4 + 37.5 mM/day) than in those without cardiovascular
disease (144.1 + 36.2 mM/day).

The relationship between blood pressure control and
urinary sodium excretion

The correlation between urinary sodium excretion and blood
pressure is illustrated in Fig. 1. Systolic blood pressure (Fig. 1A;
B =0.107, P < 0.001, R* = 0.049) and diastolic blood pressure
(Fig. 1B); B = 0.045, P < 0.001, R? = 0.023) were significantly as-
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sociated with the amount of urinary sodium excretion. The ef-
fect of comorbidities on the association between systolic blood
pressure and the amount of urinary sodium excretion is illus-
trated in Fig. 2. Systolic blood pressure in the participants with
cardiovascular disease (Fig. 2A; = 0.080, P < 0.001, R* = 0.028)
and participants without cardiovascular disease (Fig. 2B; 5 =
0.107, P < 0.001, R? = 0.049) was associated with the amount of
urinary sodium excretion.

Systolic and diastolic blood pressure values were compared
according to the amount of urinary sodium excretion (Table 2),
and the amount of urinary sodium excretion was categorized
into the quartiles in each group. In the total participants group,
an increase in both systolic and diastolic blood pressure was
associated with an increase in the amount of urinary sodium
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Fig. 1. Systolic and diastolic blood pressure according to the amount of urinary salt excretion in the total participants (n = 19,083). (A) Systolic blood pressure (3 = 0.107, P <
0.001, R*= 0.049) and (B) diastolic blood pressure (3 = 0.045, P< 0.001, R*= 0.023) were significantly associated with the amount of urinary sodium excretion.

Table 2. Systolic and diastolic blood pressure according to the amount of urinary sodium excretion

Blood g Amount of urinary sodium excretion* Pvalue Pvalue
ood pressure rou
’ ’ Qt Q2 Q3 Q4 (ANOVA) (ANCOVA)
Systolic blood All participants 1154 £ 16.2 1189 £ 16.9 120.8 £ 171 125.4 £ 18.6 < 0.001 < 0.001
pressure (n=19,083)
Cardiovascular 1247 £16.3 1271 £18.0 1283 £ 17.4 133.6 £ 18.6 < 0.001 < 0.001
(n =843
Non-cardiovascular 115.0 £ 161 1185 £ 16.8 1205 £17.0 1249 £ 18.5 < 0.001 < 0.001
(n = 18,240)
Diastolic blood All participants 749 £10.4 76.6 =10.5 77.3 £10.5 79.0 £10.9 < 0.001 < 0.001
pressure (n=19,083)
Cardiovascular 76.3 £11.3 76.0 =104 76.9 = 10.1 78.2 £10.1 0.006 0.001
(n =843
Non-cardiovascular 749 £10.4 76.6 = 10.6 77.3 £10.5 79.1 £10.9 < 0.001 < 0.001
(n = 18,240)

Data expression as mean + standard deviation. P values are those of ANOVA or ANCOVA adjusted for age, sex, BMI, diabetes mellitus, hemoglobin levels, eGFR, and total cho-
lesterol levels. “The amount of urinary sodium excretion was categorized according to the quartile range (Q1-Q4) in each groups. Three cut-points dividing the quartiles are as
follows: 119.3, 142.2, and 167.2 in all participants; 123.3, 149.0, and 175.1 in subjects with cardiovascular disease; 119.1, 142.0, and 166.8 in subjects without cardiovas-
cular disease.
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Fig. 2. Relationship between systolic blood pressure and the amount of urinary salt excretion according to the existence of comorbidities. Systolic blood pressure in participants
with cardiovascular disease (A) (8 = 0.080, P < 0.001, R?= 0.028) and participants without cardiovascular disease (B) (8 = 0.107, P < 0.001, R? = 0.049) was associated with

the amount of urinary sodium excretion.

Table 3. Amount of salt excretion according to blood pressure status

Group Low BP group  High BP group (illllglcz) 0 A'D,\‘\gg:/%

Al participants 1415+ 352 1545+ 383 <0.001 <0.001
(n=19,083)

Cardiovascular 146.6 £ 36.9 155.5 £ 38.2 0.001 0.003
(n = 843)

Non-cardiovascular ~ 141.3 £ 352 1544 £383 <0.001 <0.001
(n =18,240)

Data expression as mean + standard deviation. P values are those of ANOVA or AN-
COVA adjusted for age, sex, BMI, diabetes mellitus, hemoglobin levels, eGFR, and to-
tal cholesterol levels. BP, blood pressure; cardiovascular, participants with coronary
heart disease or cerebrovascular disease; high BP group, participants with systolic
blood pressure at or over 140 mmHg or diastolic blood pressure at or over 90 mmHg;
low BP group, participants with systolic blood pressure under 140 mmHg and dia-
stolic blood pressure under 90 mmHg.

excretion. When the participants were compared according to
the existence of cardiovascular disease, both systolic and dia-
stolic blood pressure tended to increase in accordance with
urinary sodium excretion in the participants with cardiovascu-
lar disease.

The amount of daily sodium excretion was compared ac-
cording to blood pressure status (Table 3). The high blood pres-
sure group included patients with systolic blood pressure at or
over 140 mmHg or diastolic blood pressure at or over 90
mmHg. The low blood pressure group included patients with
systolic blood pressure under 140 mmHg and diastolic blood
pressure under 90 mmHg. The high blood pressure group
showed an increased amount of urinary sodium excretion
compared to the low blood pressure group (154.5 + 38.3 vs.
141.5 + 35.2 mM/day, P < 0.001, in the total participants; 155.5
+ 38.2 vs. 146.6 + 36.9 mM/day, P < 0.001, in the patients with
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cardiovascular disease).

The prevalence of high blood pressure was analyzed with uni-
variate and multivariate logistic regression methods (Table 4). In
all groups, an increased amount of urinary sodium excretion
was significantly associated with the development of hyperten-
sion. In the patients with cardiovascular disease, the odds ratio
(OR) of high blood pressure was significantly higher (OR, 1.825;
95% CI, 1.187-2.807; P-for-trend 0.003, highest quartile of uri-
nary sodium excretion vs. lowest quartile) in the multivariate
analysis.

DISCUSSIONS

In this study, we investigated whether high sodium intake is
closely associated with an increase in blood pressure, irrespec-
tive of comorbidities, in the Korean population. Both systolic
and diastolic blood pressure were significantly associated with
the amount of urinary sodium excretion, and the relationship
was more evident for systolic blood pressure.

High sodium intake is an important cause of elevated blood
pressure and is closely associated with cardiovascular events
and mortality. The INTERSALT study showed that excessive so-
dium intake is related to high blood pressure, and the DASH-
Sodium study reported that reducing the intake of sodium
along with consuming a diet rich in fruits, vegetables, and low-
fat dairy foods is effective for lowering blood pressure (2, 11). In
addition, hypertension is one of the main risk factors for cardio-
vascular disease and mortality (12, 13), and high salt intake has
a direct effect on the cardiovascular system, independent of its
effects on blood pressure (14). Considering the risk and medi-
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Table 4. Risk of high blood pressure according to the amount of salt excretion

Amount of urinary

Univariate analysis

Multivariate analysis

Group ; Lk
sodium excretion OR (95% Cl) Pvalue OR (95% Cly Pvalue
Al participants Q1 1 (P-for-trend < 0.001) 1 (P-for-trend < 0.001)
Q2 1.323 (1.187-1.473) < 0.001 1.191 (1.061-1.336) 0.003
Q3 1.615 (1.454-1.794) < 0.001 1.349 (1.206-1.510) < 0.001
Q4 2.424 (2.191-2.682) < 0.001 1.818 (1.627-2.031) < 0.001
Participants with Q1 1 (P-for-trend = 0.001) 1 (P-for-trend = 0.003)
cardiovascular disease Q2 0.885 (0.573-1.366) 0.580 0.892 (0.567-1.402) 0.620
Q3 1.238 (0.815-1.880) 0.318 1.192 (0.767-1.853) 0.435
Q4 1.854 (1.232-2.789) 0.003 1.825 (1.187-2.807) 0.006
Participants without Q1 1 (P-for-trend < 0.001) 1 (P-for-trend < 0.001)
cardiovascular disease Q2 1.370 (1.225-1.532) < 0.001 1.212 (1.076-1.366) 0.002
Q3 1.652 (1.481-1.842) < 0.001 1.359 (1.209-1.527) < 0.001
Q4 2.450 (2.206-2.720) < 0.001 1.817 (1.620-2.039) < 0.001

Data expression as the odd ratio (95% confidence interval). High blood pressure was defined as either systolic blood pressure above 140 mmHg or diastolic blood pressure
above 90 mmHg. Covariates in the multivariate analysis included age, sex, BMI, diabetes mellitus, hemoglobin levels, eGFR, and total cholesterol levels. *The amount of urinary
sodium excretion was categorized according to the quartile range (Q1-Q4) in each group. Three cut-points dividing the quartiles are as follows: 119.3, 142.2, and 167.2 in all
participants; 123.3, 149.0, and 175.1 in subjects with cardiovascular disease; 119.1, 142.0, and 166.8 in subjects without cardiovascular disease.

cal burden of cardiovascular morbidity and mortality in pa-
tients with cardiovascular disease, the importance of sodium
restriction in this group is more important than sodium restric-
tion in the general population. Although many clinical studies
have explored the effect of dietary sodium intake on blood
pressure in the general population, studies on patients with
cardiovascular disease are lacking.

In the present study, the patients with cardiovascular disease
were older, were predominantly male, and had higher systolic
blood pressure with a higher amount of sodium excretion than
the other participants. Age, sex, and body mass index are im-
portant factors influencing the blood pressure status and
amount of salt intake. Therefore, we included these factors in
our multivariate analysis and found that the amount of salt in-
take is significantly associated with systolic and diastolic blood
pressure after adjusting for age, sex, and body mass index. In a
recent meta-analysis, a modest reduction in salt intake for 4 or
more weeks caused significant reductions in blood pressure in
both hypertensive and normotensive individuals, irrespective
of sex and ethnic group (15). Zhou et al. (16) found that the
adoption of a diet low in sodium and high in potassium low-
ered systolic blood pressure in hypertensive patients and low-
ered both systolic and diastolic blood pressure in normotensive
controls. Considering the effects of the amount of sodium ex-
cretion on systolic and diastolic blood pressure in the present
study, we can conclude that both systolic and diastolic blood
pressure are significantly associated with the amount of urinary
sodium excretion, and this association does not differ regard-
less of the existence of cardiovascular disease.

In this study, the amount of urinary sodium excretion was
estimated using the Tanaka equation with a spot urine sample.
The amount of sodium intake is generally assessed by either the
evaluation of dietary content or the measurement of urinary
sodium excretion. However, because estimating sodium intake

http://dx.doi.org/10.3346/jkms.2014.29.52.5103

using food records or dietary recall questionnaires is cumber-
some, a method for measuring urinary sodium excretion is pre-
ferred in clinical studies. The entire amount of ingested sodium
is not excreted through urine, with approximately 10%-20% ex-
creted via the gastrointestinal tract or as sweat (17); therefore,
the amount of urinary sodium excretion is generally lower than
the actual sodium intake (18). The gold standard method of
measuring urinary sodium excretion is 24-hr urine collection
and calculation of the amount of urinary sodium. However, 24-
hr urine collection is inconvenient and can be inaccurate due
to the possibility of missed urine samples. The Tanaka equation
estimates 24-hr urinary sodium excretion by measuring the so-
dium to creatinine ratio from a spot urine sample obtained at
any time from 9 AM to 7 PM (10). The Tanaka formula was gen-
erated using a database of Japanese subjects who participated
in the INTERSALT study. Convenience and simplicity are the
merits of the Tanaka equation; however, diurnal variation in
urinary sodium excretion due to posture changes can introduce
random error in measurements of 24-hr urinary sodium excre-
tion. Although amount of urinary sodium excretion is closely
associated with amount of dietary sodium intake, use of diuret-
ics and its’ dosage can affect the amount urinary sodium excre-
tion. In this cross-sectional, it is a limitation that the diuretics
usage could not be evaluated according to the urinary sodium
excretion and blood pressure.

In the Korean population, patients with cardiovascular dis-
ease are assumed to consume an excess of sodium even though
they are more hypertensive than the general population. The
amount of urinary sodium excretion is closely related to the
blood pressure level, irrespective of the cardiovascular disease
status. Because high sodium intake is one of the main risk fac-
tors for hypertension and cardiovascular mortality, the impor-
tance of sodium restriction in patients with cardiovascular dis-
ease should be emphasized.
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