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Relationship between 24-h urine sodium/potassium
ratio and central aortic systolic blood pressure in
hypertensive patients

Moo-Yong Rhee1,2, Sung-Joon Shin3, Namyi Gu2,4, Deuk-Young Nah5, Byong-Kyu Kim5, Kyung-Soon Hong6,
Eun-Joo Cho7, Ki-Chul Sung8, Sim-Yeol Lee9 and Kwang-Il Kim10

Studies evaluating the relationship between measured 24-h urine sodium (24HUNa), potassium (24HUK) and aortic blood

pressure (BP) are rare, and no such study has been performed with an Asian population. We evaluated the relationship between

24HUNa, 24HUK, casual BP, 24-h ambulatory BP and aortic BP by analyzing data from 524 participants with valid 24-h urine

collection, 24-h ambulatory BP and central BP measurements (mean age 48.1±9.8 years, 193 men). Hypertension was defined

as a 24-h ambulatory BP ⩾130/80 mmHg or current treatment for hypertension (n=219). The participants with hypertension

and high 24HUNa (mean 210.5±52.0 mmol per day, range 151.0–432.0) showed higher 24-h systolic (P=0.037) and

diastolic BP (P=0.037) and aortic systolic BP (AoSBP, P=0.038) than the participants with hypertension and low 24HUNa

(mean 115.7±25.0 mmol per day, range 45.6–150.0), adjusted for confounders. The participants with hypertension and a high

ratio of 24HUNa and 24HUK (24HUNa/24HUK, mean 4.03±1.00, range 2.93–7.96) had higher AoSBP than the participants

with hypertension and a low 24HUNa/24HUK ratio (mean 2.13±0.54, range 0.53–2.91), adjusted for confounders (P=0.026).

The participants with hypertension demonstrated a significant linear relationship between AoSBP and 24HUNa/24HUK ratio that

was independent of 24HUNa, according to the multiple regression analysis (P=0.047). In hypertensive patients, 24HUNa/

24HUK was positively and more strongly related to AoSBP compared with 24HUNa alone. The result indicates that high sodium

and low potassium intake may increase the subsequent risk of cardiovascular disease by elevating AoSBP.
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INTRODUCTION

Various studies have demonstrated that excessive sodium intake is
associated with elevated blood pressure (BP) levels and an increased
risk of cardiovascular events.1–3 Many trials and epidemiological
studies have shown that BP and cardiovascular events decrease with
reduced sodium intake.4

Traditionally, brachial BP has been used as a surrogate marker for
BP-related cardiovascular events. However, recent studies have shown
that central BP has better predictive power for future cardiovascular
events compared with brachial BP.5 The early return of the reflected
wave during the ventricular ejection period augments central systolic
BP (SBP). Among the factors associated with the augmentation of
central SBP, an increase in arterial stiffness increases aortic pulse wave
velocity, with early return of the reflected wave from peripheral
arteries.6 Studies have shown that high sodium intake is associated

with elevated aortic pulse wave velocity,7–9 suggesting that high
sodium intake elevates central SBP.
Several studies have shown the association between urinary salt

excretion and central hemodynamics.10–12 However, the relationship
between measured (not estimated) 24-h urine sodium (24HUNa),
potassium (24HUK) and central hemodynamics is unknown in Asian
populations.
We evaluated the association between 24-h urinary salt excretion

and central hemodynamic in the general population.

METHODS

Study population
Random samples of adults from Goyang city, with an approximate adult
population of 600 000, and Paju city, with an approximate adult population of
240 000, were selected by list-assisted random digit dialing, and both listed and
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unlisted telephone households were included. The study was performed in 2011
in Goyang city and in 2012 in Paju city. The design of the study population
selection and enrollment has been described in detail elsewhere.13 We used the
same study design in both cities. Adults between 20 and 65 years of age within
the selected households were chosen through telephone interviews.

Study protocol
The participants visited the clinical trial center before 0830 hours. Urine
collection began after voiding and discarding the first urine sample between
0900 and 0930 hours. All urine voided during the next 24 h was collected. The
24-h ambulatory BP was measured in parallel. The next day, the participants
visited the clinical trial center before 0900 hours. The participants were asked to
void the last urine sample 24 h after the first voiding. The last voided urine
sample was added to the urine collection bag. After completing the 24-h urine
collection, casual BP and central BP were measured. The concentrations of
sodium and potassium were measured using an ion-selective electrode method
(Modular DPE chemistry; Roche Diagnostics, Mannheim, Baden-Württemberg,
Germany). Creatinine was measured using the Jaffe reaction (Kinetic colori-
metric assay; Roche Diagnostics). For biochemical analysis, a blood sample was
obtained after at least 8 h of overnight fasting. The study protocol was reviewed
and approved by the Institutional Review Board of Dongguk University Ilsan
Hospital. Each participant provided written informed consent.

Completeness of urine collection
The validity of the 24-h urine collection was assessed using a combination of
self-reported urine loss and the 24-h urine creatinine-based determination,
assuming that the urinary creatinine excretion rate was constant. If the self-
reported urine sample loss was more than 100 ml, if the loss occurred more
than once, or if either the urinary creatinine level was o6 mmol per day with a
total urine volume of o1000 ml per day or the urinary creatinine level was
o5 mmol per day, then the collected urine sample was considered to be
insufficient for a 24-h collection.14

BP measurement
Casual BP levels were measured from both arms (with the participant in a
sitting position) using a validated semiautomatic device (Watch BP Office;
Microlife AG, Widnau, Switzerland) by a trained nurse.15 BP was measured
three times at 1-min intervals after 5 min of rest, and three SBP and diastolic
BP (DBP) measurements from each arm were averaged. Ambulatory BP was
measured for 24 h in 30-min intervals (Mobil-O-Graph; I.E.M. GmbH,
Stolberg, Germany) in conjunction with the 24-h urine collection.16 More
than 70% of the expected measurements, 14 measurements during the day and
7 measurements at night, were considered to be valid measurements.17

Hypertension was defined as an averaged 24-h SBP ⩾ 130 mm Hg, an averaged
24-h DBP ⩾ 80 mm Hg or the current use of antihypertensive medication with
a previous diagnosis of hypertension.18

Aortic BP was measured using a validated non-invasive device (Sphygmocor;
AtCor Medical, Sydney, Australia).19,20 The participants rested for 5 min in a
sitting position before the measurements were performed. Aortic BP was
calculated from pressure waveforms obtained by applanation tonometry from
the radial artery at the wrist and brachial BP, which was taken before the
pressure waveform recordings using the generalized transfer function. A valid
measurement was an operator quality index 480%. Aortic pulse pressure was
calculated as the difference between the aortic systolic and diastolic BP (AoSBP
and AoDBP, respectively). Aortic augmentation pressure is the difference
between the AoSBP and the inflection point at the end of the first systolic
shoulder. The augmentation index is the ratio of the aortic augmentation
pressure to the aortic pulse pressure. Given that the augmentation index is
influenced by patient heart rate, an augmentation index normalized for a heart
rate of 75 beats per minute (AI75) was derived.

Statistical analysis
The study population was divided into high 24HUNa (⩾151 mmol/24-h, mean
210.5± 52.0 mmol per day, range 151.0–432.0 mmol per day) and low
24HUNa (o151 mmol/24-h, mean 115.7± 25.0 mmol per day, range
45.6–150.0 mmol per day), according to the level of 24HUNa excretion, and

high 24HUNa/24HUK (⩾2.93, mean 4.03± 1.00, range 2.93–7.96) and low
24HUNa/24HUK (o2.93, mean 2.13± 0.54, range 0.53–2.91), according to the
24HUNa and 24HUK ratio.
All statistical tests were two-sided, and the level of significance was set at

0.05. Continuous variables were expressed as the means± s.d. Categorical
variables were described as numbers and percentages in parenthesis. The
continuous data were analyzed using Student’s t-test for two-group compar-
isons, and the proportions between groups were compared using the χ2 test. In
the group comparisons of high and low 24HUNa and high and low 24HUNa/
24HUK, the effects of age, gender, body mass index and antihypertensive
medication were included. Multivariate linear regression analysis was per-
formed to predict the independent effect of 24HUNa and 24HUNa/24HUK on
the hemodynamic variables, including the effects of age, gender, body mass
index and use of antihypertensive medications. All analyses were implemented
using SPSS ver. 20 (SPSS, Chicago, IL, USA).

RESULTS

Among 707 individuals, 524 participants who had valid collections of
24-h urine, valid measurements of 24-h ambulatory BP and valid
central BP measurements were included in the analysis. The demo-
graphic and clinical characteristics of the analyzed population are shown
in Table 1. In total, 219 of the participants had hypertension (135 non-
medicated, 84 medicated). The hypertensive individuals had a higher
mean age, body mass index, prevalence of men, smokers and diabetes,
24HUNa and 24HUK. The 24HUNa/24HUK did not differ between the
hypertensive and normotensive individuals. The serum creatinine,
fasting blood glucose, cholesterol and triglyceride levels were higher in
the hypertensive individuals than in the normotensive individuals.
Table 2 shows the hemodynamics comparison between the high-

24HUNa and low-24HUNa groups. Among the entire study popula-
tion, there was no difference in hemodynamics between the high- and
low-24HUNa groups. In the hypertensive individuals, the high-
24HUNa group had higher aortic systolic BP (AoSBP), 24-h SBP
and DBP than the low-24HUNa group, with the adjusted analysis
controlled for age, gender, body mass index and use of antihyperten-
sive medication. In contrast, among the normotensive individuals, the
low-24HUNa group showed higher casual DBP, 24-h DBP, AoSBP
and AoDBP than the high-24HUNa group, after controlling for
confounders.
As shown in Table 3, the high 24HUNa/24HUK group had higher

24-h DBP and AoSBP. Among the hypertensive individuals, the high
24HUNa/24HUK group had higher casual SBP and DBP, 24-h SBP
and DBP, and AoSBP and AoDBP than the low-24HUNa/24HUK
group. However, casual DBP and AoSBP showed a persistent
difference, with a multivariate analysis controlled for age, gender,
body mass index and use of antihypertensive medication. There was
no difference in hemodynamics between the low and high 24HUNa/
24HUK groups among the normotensive individuals.
Multivariate regression analysis, controlled for age, gender, body

mass index, use of antihypertensive medication and 24HUNa, revealed
an independent association between 24HUNa/24HUK and AoSBP
(Table 4). The 24HUNa was not independently associated with
AoSBP. In contrast to the aortic SBP, the 24-h SBP and DBP were
not associated with 24HUNa (P= 0.420 and 0.860, respectively) and
24HUNa/24HUK (P= 0.181 and 0.121, respectively) in a multivariate
regression analysis (table not shown).

DISCUSSION

We evaluated the association between urinary Na and K excretions
and hemodynamics. This study is the first to reveal the independent
association between a high ratio of urinary sodium/potassium and
elevated AoSBP in Asian hypertension patients.
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In our study, in hypertensive participants, there was a significant
association between high 24HUNa and higher 24-h SBP, 24-h DBP
and AoSBP compared with low-24HUNa. Previous studies have
demonstrated an association between high sodium intake and elevated

aortic pulse wave velocity.8,9 Elevated aortic pulse wave velocity leads
to elevated AoSBP through the early return of backward pressure. In
addition, high 24HUNa/24HUK was associated with higher AoSBP
but not with 24-h SBP and 24-h DBP. These findings indicate that
AoSBP is influenced not only by high sodium intake but also by high
sodium intake and/or low potassium intake. Multivariate regression
analysis showed an independent and positive association between
24HUNa/24HUK and AoSBP, indicating a stronger effect of balanced
sodium and potassium intake on AoSBP than sodium intake alone.
Given our study results, low sodium and/or high potassium intake is
an important strategy to avoid the elevation of central aortic BP and
eventually cardiovascular events, because elevated central aortic BP is
strongly associated with future cardiovascular events.5

Along with high dietary sodium intake, a well-known environ-
mental factor, low potassium intake has been shown to be related to
hypertension.21–23 However, in the present study, 24HUK levels were
higher in hypertensive individuals than that in normotensive indivi-
duals. Moreover, there was no relationship between the 24HUK and
BP parameters (data not shown). The lack of such a relationship
contrasts with the results of a previous study of a Korean population.24

Although the reason is unclear, the lack of a relationship between
24HUK and BP may be explained by the different sodium and
potassium intake estimation methods (24-h urine collection vs dietary
survey) and the exclusion of individuals older than 65 years of age.
The difference in methods may yield bias in terms of the sodium and
potassium intake levels at the population and individual levels. Using
the 24-h collection method, a discrepancy in sodium and potassium
intake levels has been reported when these levels were measured using
the dietary survey,25 spot urine26,27 and overnight urine collection
methods.28 Another reason may be the blunted effect of potassium in
lowering BP when sodium intake is low29,30 because the sodium intake
in our study population was relatively low compared with that in the
previous study.24

In addition to sodium or potassium intake alone, the INTERSALT
study revealed a strong negative association between urinary sodium/
potassium ratio and BP.31 One of the suggested mechanisms under-
lying the elevation of BP through long-term potassium intake
depletion is a cellular potassium deficit and sodium retention by the

Table 1 Characteristics of study population

Parameters All Normotensives Hypertensives P-values

n 524 305 219
Age, years 48.1±9.8 45.1±9.6 52.1±8.5 o0.001
Gender

Men, n (%) 193 (36.8) 79 (25.9) 114 (52.1) o0.001
Women, n (%) 331 (63.2) 226 (74.1) 105 (47.9)

BMI, kg m−2 23.9±3.3 23.1±3.1 25.1±3.2 o0.001
Weight, kg 63.2±11.3 60.4±10.5 67.0±11.4 o0.001
Height, cm 162.1±8.1 161.5±8.1 163.1±7.9 0.029
Smoker, n (%) 123 (23.5) 59 (19.6) 64 (29.6) 0.009
Drinking, n (%) 188 (35.9) 98 (41.9) 90 (50.6) 0.090
Diabetes, n (%) 35 (6.7) 5 (1.6) 30 (13.7) o0.001

Casual SBP, mm Hg 116.7±12.9 110.9±10.0 124.8±12.3 o0.001
Casual DBP, mm Hg 75.0±9.7 70.4±7.0 81.5±9.2 o0.001
24-h SBP, mm Hg 116.6±11.0 110.8±7.0 124.6±10.6 o0.001
24-h DBP, mm Hg 75.9±9.8 70.3±6.1 83.7±8.7 o0.001
AoSBP, mm Hg 110.7±13.1 104.8±10.1 118.8±12.5 o0.001
AoDBP, mm Hg 76.6±10.0 72.0±7.4 83.1±9.6 o0.001
Aortic pulse pressure, mm Hg 34.2±7.8 33.0±7.0 35.8±8.7 o0.001
Augmented pressure, mm Hg 10.1±5.3 9.5±5.0 10.9±5.7 0.004
Heart rate, b.p.m. 68.9±8.6 68.7±8.3 69.2±9.1 0.459
AI75, % 25.7±10.4 25.0±10.8 26.6±9.8 0.088
24-h Urine Na, mmol/24-h 159.8±61.5 154.8±59.9 166.8±63.1 0.027
24-h Urine K, mmol/24-h 55.9±20.7 54.3±18.8 58.3±23.0 0.036
24-h urine Na/24-h urine K ratio 3.10±1.22 3.05±1.21 3.13±1.25 0.463
Serum Na, mmol l−1 141.4±2.4 141.4±2.4 141.4±2.3 0.942
Serum K, mmol l−1 4.25± .30 4.24±0.31 4.27±0.30 0.176
Serum Cr, mg dl−1 0.76± .16 0.73±0.14 0.79±0.17 o0.001
Fasting glucose, mg dl−1 97.6±19.1 93.8±10.1 103.0±26.1 o0.001
Total cholesterol, mg dl−1 196.8±35.1 195.8±34.4 198.1±36.1 0.469
LDL cholesterol, mg dl−1 121.4±32.8 120.5±31.8 122.5±34.3 0.498
HDL cholesterol, mg dl−1 56.9±15.7 59.5±15.9 53.2±14.5 o0.001
Triglyceride, mg dl−1 132.5±106.0 111.9±75.6 161.3±132.4 o0.001

Abbreviations: AI75, augmentation index normalized for a heart rate of 75 beats per minute;
AoDBP, aortic diastolic blood pressure; AoSBP, aortic systolic blood pressure; BMI, body mass
index; Cr, creatinine; DBP, diastolic blood pressure; HDL, high density lipoprotein; K,
potassium; LDL, low density lipoprotein; Na, sodium; SBP, systolic blood pressure. Pearson’s χ2

test or the independent t-test was performed for the categorical data or continuous data, as
appropriate.
Data are expressed as mean± s.d., or number and percent in parenthesis, as appropriates.

Table 2 Difference of hemodynamic values between high and low 24-hour urine sodium excretion

All Normotensives Hypertensives

Low 24HUNa

(o151 mmol/

24-h)

High 24HUNa

(⩾151 mmol/

24-h) P Pa Low-24HUNa High 24HUNa P Pb Low-24HUNa High 24HUNa P Pa

n 262 262 161 144 101 118

Casual SBP 115.2±13.0 118.3±12.8 0.006 0.949 110.8±10.8 111.0±9.0 0.856 0.048 122.2±13.2 127.1±11.0 0.003 0.086

Casual DBP 74.2±9.4 75.8±9.9 0.056 0.338 70.8±7.4 69.9±6.6 0.269 0.001 79.7±9.7 83.1±8.4 0.006 0.080

24-h SBP 115.3±10.4 117.9±11.5 0.006 0.400 110.7±7.1 111.0±6.9 0.662 0.530 122.6±10.7 126.3±10.3 0.009 0.037

24-h DBP 74.8±9.0 77.1±10.5 0.008 0.983 70.4±6.0 70.3±6.2 0.914 0.046 81.9±8.7 85.3±8.5 0.004 0.037

AoSBP 109.5±13.1 111.9±13.0 0.035 0.901 105.3±10.9 104.4±9.2 0.430 0.014 116.1±13.5 121.0±11.0 0.004 0.038

AoDBP 75.9±9.8 77.4±10.3 0.083 0.307 72.4±7.7 71.4±7.0 0.222 0.001 81.3±10.2 84.7±8.8 0.010 0.086

Aortic PP 33.8±7.8 34.6±7.9 0.238 0.393 32.8±6.7 33.2±7.3 0.622 0.705 35.3±9.2 36.3±8.2 0.418 0.500

AP 10.4±5.5 9.8±5.1 0.184 0.851 10.0±4.9 9.1±5.1 0.131 0.461 11.1±6.3 10.7±5.1 0.527 0.620

AI75 27.1±10.4 24.3±10.3 0.002 0.190 26.9±10.0 23.0±11.4 0.002 0.041 27.5±11.0 25.8±8.5 0.201 0.663

Abbreviations: 24HUNa, 24-h urine sodium; AI75, augmentation index normalized for a heart rate of 75 beats per minute; AoDBP, aortic diastolic blood pressure; AoSBP, aortic systolic blood
pressure; AP, augmented pressure; DBP, diastolic blood pressure; PP, pulse pressure; SBP, systolic blood pressure.
aMultivariate analysis controlled for age, gender, body mass index and use of antihypertensive medication.
bMultivariate analysis controlled for age, gender and body mass index.
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kidneys, leading to hypertension.32 Another explanation is sodium
sensitivity, which is highly prevalent in blacks.33,34 Although there
is no direct evidence, relatively low urinary potassium excretion

(i.e., high 24HUNa/K) suggests the presence of sodium sensitivity,
considering the high prevalence of sodium sensitivity and low urinary
potassium excretion in blacks.35 The prevalence of sodium sensitivity
in Asian hypertension patients is expected to be approximately
50%.36,37 In our study, the positive association between AoSBP and
24HUNa/24HUK existed only in hypertensive individuals, and it was
not observed in normotensive individuals. Thus, the combination of
relatively low potassium intake and sodium sensitivity may contribute
to the elevation of central BP.
In the literature, three studies previous have evaluated the associa-

tion between sodium and potassium intake with central
hemodynamics.10–12 Among these studies, only one showed a sig-
nificant correlation between AoSBP and urinary sodium/potassium
ratio. The other two studies did not demonstrate an independent
association between AoSBP and urinary sodium/potassium ratio or
sodium excretion. There were several differences between the previous
studies and our own. First, we diagnosed hypertension using a 24-h
ambulatory BP measurement. Unlike our study, Park et al.11 did not
exclude white coat hypertension because they used conventionally
measured BP. Polonia et al.12 did not provide the criteria they used to
diagnose hypertension. Second, we collected 24-h urine samples to
measure urinary sodium and potassium excretion. Park et al.11

estimated 24HUNa using spot urine samples from Korean hyperten-
sion patients. The accuracy of the equations estimating 24HUNa from
spot urine has been questioned,26 although it is widely used. Thus, it is
unclear whether the results of an association between aortic hemody-
namics and estimated 24HUNa could be extrapolated to the measur-
ed24HUNa. Third, the mean 24HUNa in our study was 159.8 mmol/
24-h, which was between the measured 24HUNa in other studies
(209 mmol/24-h and 105 mmol/24-h).10,12 The positive association
between 24HUNa and central hemodynamics in populations with
different means of 24HUNa suggests a significant influence of high
sodium intake on central hemodynamics without the distinction of
sodium intake levels. The estimated 24HUNa from Park et al.11 is
difficult to compare because they estimated 24HUNa from spot urine
samples using an equation previously developed by Tanaka et al.;38 this
equation showed a significant difference between the mean estimated
and measured 24HUNa values in the validation of the equation in the
external population. We also showed that estimating 24HUNa from

Table 3 Difference of hemodynamic values between high and low Na/K ratio

All Normotensives Hypertensives

Low 24HUNa/

24HUK

(o2.93)

High 24HUNa/

24HUK

(⩾2.93) P Pa

Low 24HUNa/

24HUK

High 24HUNa/

24HUK P Pb

Low 24HUNa/

24HUK

High 24HUNa/

24HUK P Pa

n 262 262 158 147 104 115

Casual SBP 115.7±13.0 117.7±12.8 0.071 0.126 111.3±10.6 110.5±9.3 0.500 0.325 122.4±13.6 127.0±10.6 0.006 0.093

Casual DBP 74.0±9.5 76.0±9.8 0.019 0.053 70.5±7.2 70.3±6.8 0.790 0.474 79.4±10.1 83.4±7.9 0.002 0.043

24-h SBP 115.8±10.7 117.4±11.2 0.099 0.133 111.2±7.2 110.5±6.8 0.347 0.279 122.8±11.5 126.2±9.4 0.015 0.252

24-h DBP 74.9±9.9 77.0±9.7 0.015 0.040 70.0±6.3 70.7±5.8 0.364 0.779 82.2±9.8 85.0±7.5 0.018 0.424

Aortic SBP 109.5±13.2 111.8±12.9 0.039 0.028 105.2±10.7 104.5±9.4 0.560 0.714 116.1±13.8 121.2±10.5 0.002 0.026

Aortic DBP 75.6±10.0 77.6±10.0 0.019 0.057 72.0±7.7 71.9±7.1 0.966 0.663 81.1±10.6 84.9±8.3 0.003 0.077

Aortic PP 34.2±8.2 34.2±7.5 0.956 0.608 33.4±7.7 32.6±6.1 0.295 0.717 35.4±8.8 36.2±8.6 0.499 0.404

AP 10.1±5.6 10.1±5.1 0.870 0.112 9.6±5.2 9.5±4.8 0.758 0.278 10.7±6.1 11.0±5.3 0.701 0.303

AI75 25.8±10.6 25.6±10.3 0.874 0.160 25.5±10.7 24.6±11.0 0.458 0.566 26.2±10.5 27.0±9.1 0.566 0.152

Abbreviations: 24HUNa/24HUK, ratio of 24-h urine sodium and 24-h urine potassium; AI75, augmentation index normalized for a heart rate of 75 beats per minute; AoDBP, aortic diastolic blood
pressure; AoSBP, aortic systolic blood pressure; AP, augmented pressure; DBP, diastolic blood pressure; PP, pulse pressure; SBP, systolic blood pressure.
aMultivariate analysis controlled for age, gender, body mass index and use of antihypertensive medication.
bMultivariate analysis controlled for age, gender and body mass index.

Table 4 Independent relationship between aortic systolic blood

pressure and 24-h urinary sodium/potassium with multivariate

regression analysis adjusted for determinants

Aortic SBP vs B s.e. b t P

All
Model 1

24HUNa/24HUK 0.936 0.413 0.088 2.267 0.024

Model 2

24HUNa/24HUK 0.930 0.413 0.087 2.251 0.025

Use of antihypertensive

medication

−0.906 1.444 −0.025 −0.628 0.530

Model 3

24HUNa/24HUK 1.278 .467 0.120 2.735 0.006

Use of antihypertensive

medication

−0.849 1.441 −0.024 −0.589 0.556

24HUNa −0.015 0.010 −0.071 −1.587 0.113

Hypertensive individuals
Model 1

24HUNa/24HUK 1.848 0.672 0.186 2.748 0.006

Model 2

24HUNa/24HUK 1.569 0.655 0.158 2.396 0.017

Use of antihypertensive

medication

−3.407 0.873 −0.267 −3.902 o0.001

Model 3

24HUNa/24HUK 1.446 0.724 0.145 1.997 0.047

Use of antihypertensive

medication

−3.431 0.877 −0.269 −3.913 o0.001

24HUNa 0.006 0.015 0.031 0.400 0.689

Model 1: controlled for age, gender and body mass index.
Model 2: controlled for age, gender, body mass index and use of antihypertensive medication.
Model 3: controlled for age, gender, body mass index, use of antihypertensive medication and
24-h urine sodium.
B, unadjusted regression coefficient; b, standardized regression coefficient; t, the value of the
t-test.
24HUNa/24HUK, ratio of 24-h urine sodium and 24-h urine potassium; 24HUNa, 24-h urine
sodium.
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spot urine samples, including with Tanaka’s equation, tends to under-
or overestimate 24HUNa according to the amount of the 24-h urine
Na, differing significantly from the measured 24HUNa.26,39 Fourth,
the ethnicity of the population in our study differed from that of the
Redelinghuys et al. study.10 Blacks have a higher prevalence of sodium
sensitivity compared with other ethnicities. The high prevalence of
sodium sensitivity may contribute to a positive association of casual
and ambulatory SBP with 24HUNa/24HUK in the Redelinghuys et al.
study,10 which was not observed in our study. Nevertheless, the linear
association between AoSBP and 24HUNa/24HUK in hypertensive
individuals but not in normotensive individuals in our study may be
explained by sodium sensitivity, which is more prevalent in hyperten-
sives than in normotensives.33,37 Sodium-resistant individuals, who
have no response or a negative response to high sodium intake, are
more likely to be normotensive than hypertensive. Thus, the lack of an
association between AoSBP and 24HUNa/24HUK in normotensive
individuals may be explained by the high prevalence of sodium-
resistant individuals.
One limitation of our study is its cross-sectional nature, resulting in

the inability to speculate on the causality between the urinary sodium/
potassium ratio and central aortic BP. The following limitations may
have resulted in bias in our study results. The sodium intake was
measured using a single 24-h urine collection. A single 24-h urine
collection does not accurately reflect dietary sodium intake, although it
is considered to be the most reliable method in population
surveys.40,41 However, multiple collections of 24-h urine samples
(more than seven times) are impractical in population surveys.
Moreover, an indirect method (using a generalized transfer function)
was used to measure central hemodynamics.42

In conclusion, 24HUNa/24HUNK was positively related to AoSBP
in patients with hypertension, demonstrating a stronger effect
compared with 24HUNa alone. The result indicates that high sodium
and low potassium intakes may increase the subsequent risk of
cardiovascular disease through the elevation of central aortic BP.
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