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Relationships between urinary electrolytes excretion
and central hemodynamics, and arterial stiffness in
hypertensive patients

Weizhong Han1, Xiao Han2, Ningling Sun3, Yunchao Chen4, Shiliang Jiang1 and Min Li1

High sodium intake plays an important role in the onset and exacerbation of hypertension. However, the relationships between

urinary electrolytes excretion and central hemodynamics and between urinary electrolyte excretion and arterial stiffness are still

the subject of debate. This study sought to clarify the associations of salt intake with central aortic pressure and arterial stiffness

indicators. A total of 431 untreated hypertensive individuals were recruited into the study. Twenty-four-hour urinary samples

were collected to measure the excretion of urinary electrolytes. Central hemodynamics parameters and brachial-ankle pulse wave

velocity (baPWV) were measured. We evaluated the independent relationship between urinary sodium or potassium excretion and

the abovementioned indices. The mean 24-h urinary sodium of all subjects was 166.6±70.0 mmol/24 h. With increases in

urinary sodium excretion, central blood pressure and baPWV values markedly increased. Multiple regression analysis showed that

urinary sodium was independently associated with increases in central systolic blood pressure, central diastolic blood pressure,

the augmentation index, and baPWV. Significant correlations were identified between high dietary sodium and central

hemodynamics and between high dietary sodium and arterial elasticity. Prospective interventional studies in hypertensive

patients may be required to determine the effect of salt intake on central hemodynamics.
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INTRODUCTION

Hypertension, with a global prevalence of 40%, is a consistent and
independent risk factor for cardiovascular disease.1 High salt intake
plays an important role in the onset and aggravation of hypertension.
The International Study of Salt and Blood Pressure (INTERSALT)
showed an association between higher levels of sodium intake and
higher blood pressure (BP) in both normotensive and hypertensive
subjects.2 Conventionally, BP is measured over the brachial artery,
which is a poor surrogate for central aortic pressure. The heart,
kidneys and major arteries supplying the brain are exposed to aortic
rather than brachial BP. Therefore, there is a strong rationale that
cardiovascular events may be more closely related to central rather
than brachial BP.3 Studies published over the last 10 years concerning
the relationship between central BP and the surrogate markers of
risk as well as hard endpoints strongly support this concept.4,5 Central
BP is invariably lower than corresponding brachial values, and this
phenomenon of peripheral pressure amplification arises principally
because of an increase in arterial stiffness in the periphery. In addition
to increasing BP, high dietary salt may independently damage vascular
function.6 This can lead to hypertrophy of arterial walls and vascular

smooth muscle, which impairs endothelial function, affects arterial
vessel contractility and increases arterial stiffness. Although a number
of studies have suggested that daily sodium intake is closely correlated
with brachial BP and the risk of hypertension,7–9 results concerning
whether salt intake modifies central aortic pressure and its compo-
nents have been inconsistent. In our study, we sought to elucidate
the relationship between 24-h urine sodium and potassium excretion
and parameters of central hemodynamics in untreated hypertensive
individuals.
Measurements of arterial function and structure provide additional

prognostic information regarding conventional risk factors. Indeed,
aortic pulse wave velocity (PWV), an indicator of large artery stiffness,
is a predictor of cardiovascular morbidity and mortality and is
independent of traditional risk factors in patients with hypertension
and in the general population.10,11 Brachial-ankle PWV (baPWV),
which reflects a combination of elastic and muscular arterial stiffness,
has been widely used, and its measurement has become more
convenient than other invasive methods.12 However, few studies have
evaluated the relationship between baPWV and daily urinary sodium
excretion in untreated hypertensive subjects. The present study was
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also designed to investigate the relationship between baPWV and daily
urinary sodium excretion.

METHODS

Subjects and study design
Participants with hypertension defined by the Chinese guidelines for the
management of hypertension 2010 (systolic BP (SBP) ⩾ 140 or/and diastolic
BP (DBP)⩾ 90 mm Hg at two or more different visits)13 with no previous
treatment for high BP were eligible for the study. The exclusion criteria were
the following: any secondary cause of hypertension, such as primary aldoster-
onism; hypertension emergencies; serious arrhythmia, such as high-degree
atrioventricular block and atrial fibrillation; peripheral arterial disease;
heart failure; impaired renal function with plasma creatinine ⩾ 150 μmol l�1;
rheumatic and autoimmune diseases; and malignancies.
From 2009 to 2014, participants were recruited from the BP outpatient clinic

and cardiovascular inpatient department at Peking University People’s Hospital
in the Beijing area as well as the Shandong Provincial Hospital in the Jinan area.
A total of 431 individuals were recruited into the study. The 24-h urinary
sodium excretion test was used to determine the actual levels of salt intake.
BaPWV was measured using a semi-automated device. Central hemodynamics
and parameters were assessed via pulse wave analysis of the radial artery using
a commercially available radial artery tonometry device. The study was
approved by the Peking University People’s Hospital Research Ethics Commit-
tee and the Shandong Provincial Hospital Ethics Committee. Written consent
was obtained from all participants.

Biochemical measurement
Participants who agreed to participate in the study were provided a 4-L screw-
capped plastic bottle and a 500-ml plastic beaker and were instructed to collect
a 24-h urine sample, discarding the first voided urine upon waking up in the
morning and collecting all voided urine during the subsequent 24 h, including
the first void sample of the following morning. Upon completion of collection,
trained staff recorded the urine volume in each collection container to
determine the total urine volume during the 24-h collection period. A complete
24-h urine collection was defined as urine volume ⩾ 500 ml as measured by
a technician, recorded collection of ⩾ 20 h and reports of no spilling of urine
or missing a void in 24 h.
Blood samples were taken for routine biochemistry measurements, including

serum sodium (Na) and potassium (K), serum creatinine (Cr), fasting blood
glucose and total cholesterol (TC). These indicators were measured using an
automated analyzer (DXC800, Beckman-coulter Inc, CA 92821, USA).
The estimated glomerular filtration rate (eGFR) was calculated using the
following equation: estimated glomerular filtration rate (ml per minute per
1.73 m2)= 175× [creatinine(mg dl� 1)] �1.234 × [age(year)]� 0.179 × (0.79 if the
patient is female).14

Physical assessment of the patients included weight, height, and
SBP and DBP with mercury sphygmomanometers. Blood pressure was
measured three times by trained and certified observers using a standardized
mercuric-column sphygmomanometer on the participant in a sitting position
after 5 min of rest, and the time interval between successive pairs of
BP measurements was 2 min.
Alcohol consumption was assessed during a baseline clinical visit. Partici-

pants were inquired for information on whether they regularly consumed
alcohol, their average alcohol consumption per day and the number of days per
month that they consumed alcohol. One drink was defined as an average of
15 g of ethanol.15 Our cut-off values were based on the definition by the
National Institute on Alcohol Abuse and Alcoholism on daily alcohol
consumption; the participants were classified as abstainers (no alcohol
consumption history), moderate drinkers (up to 1 drink per day for women
and up to 2 drinks per day for men) and heavy drinkers (41 drink per day for
women and 42 drinks per day for men).16 Moderate and heavy drinkers were
enrolled in our study.

Central hemodynamics analysis
After the participants had rested for 15 min in the supine position, arterial
waveforms at the radial (dominant arm) pulses were recorded by applanation

tonometry; each measurement was made during an 8-s period using a high-
fidelity SPC-301 micromanometer (Millar Instrument, Inc, Houston, TX, USA)
that was interfaced with a computer using the SphygmoCor, version 8.2
software (AtCor Medical Pty Ltd, New South Wales, Australia). We discarded
recordings when the systolic or diastolic variability of consecutive waveforms
exceeded 5% or when the amplitude of the pulse wave signal was less than
80 mV. We calibrated the pulse wave to the BP measurement in the right arm
immediately before the SphygmoCor recordings. Central systolic and diastolic
BP (cSBP and cDBP), pulse pressure (cPP), augmentation pressure (AP) and
augmentation index (AIx) were derived from the pulse waveform analysis.
Pulse pressure was calculated as the difference between SBP and DBP.
Augmentation pressure is the difference between the second and the first
systolic peak pressures, and the AIx is defined as the ratio of AP to aortic pulse
pressure. In addition, given that the AIx is influenced by heart rate (HR), an
AIx normalized for an heart rate of 75 beats per minute (AIx at 75) was derived.
High-quality recordings, defined as those with a within-device quality index
490%, were derived from an algorithm that included average pulse height,
pulse height variation, diastolic variation and the maximum rate of rise of the
peripheral waveform.

BaPWV measurement
Before the experiments, the subjects abstained from alcohol, caffeine and
strenuous exercise for more than 1 day. Subjects were studied under supine
resting conditions in a quiet, temperature-controlled room. Measurements were
performed after at least 15 min of supine rest. The non-invasive automatic
arterial atherosclerosis-measuring system VP-1000 (model BP-203RPE-II;
Colin, Osaka, Japan) was used to measure baPWV (cm/s). Electrocardiographic
electrodes were attached to the bilateral wrist, and cuffs were applied to the four
extremities. A microphone was placed at a sternal angle to record phonocar-
diographic images. PWV was calculated by dividing the distance from the aortic
valve to the ankle artery by the sum of the difference between the time the pulse
waves were transmitted to the brachium and the time the same wave was
transmitted to the ankle. PWV was also divided by the time difference between
the second heart sound on the phonocardiogram and the notch of the brachial
pulse waves. BaPWV was defined as the mean of the left and right upper
extremities.

Statistical analysis
The study of Chinese national nutrition and health in 2002 reported that
the daily average salt intake in China is 12 g,17 which is equivalent to urine
sodium of 200 mmol per day and is consistent with the INTERMAP study
in 1999.18 However, the amount of salt intake recommended by the China
Hypertension Alliance is 6 g, which is equivalent to urine sodium of 100 mmol
per day.13 Based on these diet characteristics, participants were categorized into
group A (low, sodium excretion ⩽ 100 mmol per day), group B (moderate,
sodium excretion 4100 mmol per day and ⩽ 200 mmol per day) and group C
(high, sodium excretion 4200 mmol per day) according to their 24-h sodium
excretion. Data are shown as the mean± s.d. if normally distributed
or otherwise as a percentage. Continuous variables in the patient groups
were compared by analysis of variance (ANOVA) for multiple comparisons.
Analysis of covariance (ANCOVA) was used for the comparison baPWV
among the three groups with adjustments made for potentially confounding
factors, such as age, gender, body mass index (BMI), smoking, fasting blood
glucose, TC, TG, mean BP and so on. Categorical variables were compared
using the χ2-test. Using cSBP, cDBP, cPP, AP, AIx and baPWV as dependent
variables, independent predictors of such variables were determined via
a multiple linear regression analysis. The backward method was adopted,
which means significant variables at a P-value of o0.10 were used in the
regression analysis. All statistical analyses were conducted by using SPSS
(version 18.0, SPSS Inc, IBM, US). Po0.05 was considered statistically
significant. All P-values were two-tailed.

RESULTS

A total of 431 untreated patients were recruited to participate in the
study. Demographic characteristics are shown in Table 1. Among
groups A, B and C, respectively, the average age was 54.5± 12.9,
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52.9± 12.6 and 50.9± 11.4 years; the average sodium excretion was
76.9± 20.2, 146.6± 28.3 and 258.6± 46.5 mmol/24-h with remarkable
differences, which was roughly equivalent to 4.7, 9.6 and 15.8 g
per day of daily salt intake. The mean 24-h urinary sodium excretion
of all subjects was 166.6± 70.0 mmol/24-h, corresponding to a salt
intake of 10.1 g per day. Comparison of baseline characteristics among
the three groups revealed no significant differences in age, smoking,
alcohol, diabetes, serum sodium, serum potassium, serum creatinine,
TC or fasting blood glucose; however, there were significant differ-
ences in BMI, sex, 24-h urinary sodium, potassium and the sodium
potassium ratio.

Urinary electrolytes and central hemodynamics
The parameters of central aortic pressures are shown in Table 2.
Compared with group A, group C displayed a higher cSBP, cDBP, AIx
and AIx corrected for a heart rate of 75 beats per minute (AIxHR75).
No significant differences were observed between group A and group
B for AIx indicators. No remarkable differences were observed
between any of the three groups with respect to cPP and AP grades.
Considering cSBP, cDBP, cPP, AP and AIx as the dependent

variables, multivariate linear regression analysis indicated that 24-h
urinary sodium was independently correlated with cSBP, cDBP,
AIx and AIx (HR75) when controlling for age, sex, BMI, smoking,
alcohol intake, mean office BP, TC, heart rate and fasting blood
glucose. See Table 3. By contrast, no such relationship has been
detected for 24-h urinary potassium or the sodium potassium ratio.

Urinary electrolytes and brachial-ankle pulse wave velocity
The average baPWV of group A was 1495.9± 329.5 cm s � 1, and the
average baPWV was 1602.5± 310.1 cm s � 1 and 1620.2± 295.4 cm s � 1

for group B and group C, respectively, both of which were significantly
higher than group A as shown in Figure 1.
The associations between urinary electrolytes and baPWV are

shown in Table 4. Multivariate regression revealed that urinary sodium
was positively associated with baPWV after controlling for age, sex,

BMI, smoking, alcohol intake, mean office BP, TC and fasting blood
glucose. However, such a relationship was not found between baPWV
and urinary potassium or between baPWV and the sodium
potassium ratio.

DISSCUSION

Central (aortic and carotid) pressures are pathophysiologically more
relevant than peripheral pressures for the pathogenesis of cardiovas-
cular disease.19 Central hemodynamics can now be reliably assessed
non-invasively with a number of relatively inexpensive devices.20 The
present study was designed to demonstrate that dietary salt intake was
independently correlated with central hemodynamics parameters such
as cSBP, cDBP and AIx in hypertensive patients. In addition, our study
helped to identify that urinary sodium was closely related to arterial
stiffness as measured by baPWV.
Dietary salt (sodium chloride) plays an important role in regulating

BP, and our current high salt intake is largely responsible for the rise
in hypertension with age. There is compelling evidence from
randomized controlled trials that sodium reduction lowers BP.21,22

However, the relationship between central BP indices and daily
sodium intake has not been well established. In the present study,
not only the cSBP and cDBP but also the cPP were independently
associated with 24-h urinary sodium excretion when controlling for
age, sex, BMI, mean BP, and other variables. A randomized, controlled
study published recently had examined the effects of sodium and
potassium supplementation on central BP.23 Sodium supplementation
resulted in a significantly higher cSBP of 8.5 mmHg, cDBP of
3.6 mmHg and cPP of 4.8 mmHg compared with placebo, while
potassium supplementation resulted in a significantly lower cPP of
2.9 mmHg. Another research intervention of 12 months with salt
substitution found significant reductions in peripheral and central
SBP levels as well as central pulse pressure.24 These results confirm our
conclusion that salt may affect the central hemodynamics remarkably.
By contrast, a high-potassium diet has been shown to blunt the

hypertensive effect of high sodium intake25 and inhibit neointimal

Table 1 Baseline clinical characterizes of three groups

Group A

n=112

Group B

n=176

Group C

n=143 F/χ2 P-value

Man/ women (%) 32.7/67.3 46.0/54.0 62.3/37.7a 6.097 0.047

Age (years) 54.5±12.9 52.9±12.6 50.9±11.4 1.077 0.342

BMI (kg m−2) 24.8±2.9 25.8±3.3 27.7±4.6a,b 8.599 0.000

Smoking (%) 19.2 26.1 34.0 1.983 0.371

Alcohol (%) 13.5 26.2a 20.8a,b 2.066 0.356

Diabetes (%) 23.1 19.8a 15.1a,b 1.198 0.552

Serum Na (mmol l−1) 140.4±2.1 140.7±2.2 140.8±2.2 0.386 0.680

Serum K (mmol l−1) 3.9±0.7 3.8±0.4 3.9±0.3 0.562 0.571

Cr (μmol l−1) 63.4±15.2 65.7±17.9 68.1±18.2 0.931 0.396

eGFR (ml min−1 1.73 m−2) 102.6±28.4 108.2±30.5 105.7±28.6 0.073 0.620

TC (mmol l−1) 4.5±0.7 4.6±0.9 4.7±0.9 0.380 0.685

FBG (mmol l−1) 5.96±2.74 5.40±±3.20 5.36±0.71 0.472 0.653

SBP(mmHg) 138.6±16.5 140.2±15.8 142.6±17.2 0.798 0.451

DBP(mmHg) 83.3±12.4 85.3±12.2 90.1±14.0a,b 4.112 0.018

Urinary Cr (mg/24 h) 1137.7±49.2 1249.2±61.1a 1313.5±70.3a,b 5.427 0.007

Urinary K (mmol/24 h) 31.8±12.1 38.3±13.7a 50.3±19.9a,b 20.79 0.000

Urinary Na (mmol/24 h) 76.9±20.2 146.6±28.3a 258.6±46.5a,b 436.4 0.000

Urinary Na/K 2.7±1.3 4.4±2.4a 6.1±3.4a,b 23.31 0.000

Abbreviations: BMI, body mass index; Cr, creatinine; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; FBG, fasting blood glucose; SBP, systolic blood pressure;
TC, total cholesterol.
acomparison with group A (Po0.05).
bcomparison with group B (Po0.05).
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proliferation in animal studies,26 which tends to be associated with
lower BP and better arterial function. Nevertheless, recently published
studies have cast some doubt on the conclusions drawn above.
Polonia and his colleagues found, in a study of 638 hypertensive
patients followed for 7 years, that an independent relationship was not
observed between 24-h urinary potassium and central BP or between
24-h urinary potassium and central AIx.27 In a randomized placebo-
controlled study, although 24-h BP was significantly reduced by
3.9/1.6 mmHg after potassium supplementation, pulse wave velocity
and AIx were not significantly affected.23 In another randomized
crossover research, there were no significant differences in carotid-
femoral PWV and central AIx after a high-potassium, high-sodium
meal compared with a low-potassium, high-sodium meal.28 Note that
subjects enrolled in this study shared a similar dietary pattern,
characterized as low-potassium and high-sodium, as those in the
present study. Therefore, none of the interactions between urinary
potassium and arterial stiffness parameters were evident.
The ratio of sodium to potassium has been identified as a more

useful predictor of cardiovascular disease than sodium or potassium

intake alone.29,30 Several studies reported that the sodium potassium
ratio was associated with central hemodynamics, such as central pulse
pressure and AIx.31,32 A study by Redelinghuys et al.31 demonstrated
the above relationship in a black African population. Another study by
Park et al.32 documented that both estimated 24-h urine sodium
excretion and the sodium potassium ratio were correlated with
increases in central pulse pressure, augmented aortic pressure and
AIx. However, these relationships were not found in the present study.
There are several reasons that account for this phenomenon. First,
there were some striking differences in the characteristics of enrolled
subjects, for example, age, baseline BP and most importantly 24-h
urinary sodium levels. In the present study, the average 24-h urinary
sodium excretion was 166.6± 70.0 mmol/24 h, which was significantly
higher than the mean of 105.4± 72.9 mmol/24 h observed in Rede-
linghuys’ study. Second, with regard to the second study, our data
suggested that estimating sodium excretion from the sodium creati-
nine ratio in spot urine was less reliable than directly measuring 24-h
urinary sodium, which may result in a deviation from true values.33

Finally, increasing dietary potassium intake may favorably lower BP,
especially in hypertensive individuals, nevertheless excessive salt intake
may negate the protective effects.27 The very-high level of salt intake
that we observed could also be an explanation why, in contrast to the
two other studies, we did not find any correlation of central
hemodynamics with the ratio of sodium potassium in urinary
excretion.
Our earlier study described the independent relationship between

sodium excretion and baPWV. The study of 341 untreated hyperten-
sive patients showed that baPWV was significantly increased with high
urinary sodium excretion compared to low urinary sodium
excretion.34 To our knowledge, only a few studies have shown
a significant association of urinary sodium excretion with central
AIx and baPWV in hypertensive patients. It is not surprising that
similar findings have been reported in the present study. BaPWV
measurement has become more convenient than other invasive
methods. It can be widely used in large populations and has become
available in clinical settings in East Asian countries.35 This method
would provide a simpler examination method for estimating early
arterial distensibility associated with dietary salt intake.
There are several possible mechanisms for the results observed in

our study. First, increased sodium reabsorption in proximal tubules
may affect BP and arterial wall damage.36 Cwynar et al.37 revealed that
in the hypertensive population with high sodium intake, patients with
fractional lithium excretion below the median value showed signifi-
cantly higher cSBP, cDBP, AP, PWV and AIx; such relationships were

Table 2 Comparison of central hemodynamics parameters of three

groups

Group A

n=112

Group B

n=176

Group C

n=143 F/χ2 P-value

cSBP 114.2±15.4 121.8±12.6a 124.9±14.2a 8.872 0.000

cDBP 75.6±11.8 80.9±10.5a 83.9±9.7a 8.292 0.000

cPP 38.7±7.9 40.7±9.6 41.8±11.6 0.851 0.429

AP 9.3±5.8 10.2±6.0 11.3±7.4 0.472 0.624

AIx 20.7±13.0 23.5±11.8 27.2±15.1a 2.102 0.030

AIx(HR75) 18.9±10.8 22.6±10.8 26.0±10.5a 2.219 0.029

Abbreviations: Aix, augmentation index; AIx (HR75), augmentation index corrected for heart
rate 75 beat per minute; AP, augmented pressure; cDBP, central diastolic blood pressure;
cPP, central pulse pressure; cSBP, central systolic blood pressure.
acomparison with group A (Po0.05).

Table 3 Multivariate regression analysis between urinary electrolytes

and central aortic pressure parameters

Dependents Independents B SE β t P-value

cSBP Urinay K −0.010 0.055 −0.011 −0.178 0.859

Urinay Na 0.039 0.013 0.195 3.016 0.003

Na/K ratio 0.748 0.330 0.043 0.864 0.362

cDBP Urinay K 0.066 0.088 0.097 1.711 0.088

Urinay Na 0.027 0.009 0.173 2.944 0.004

Na/K ratio 0.185 0.236 0.045 0.783 0.435

cPP Urinay K −0.015 0.071 −0.014 −0.210 0.834

Urinay Na 0.020 0.009 0.146 2.359 0.019

Na/K ratio 0.522 0.215 0.144 1.424 0.156

AP Urinay K −0.023 0.022 −0.060 −1.044 0.298

Urinay Na 0.005 0.005 0.056 0.918 0.360

Na/K ratio 0.208 0.137 0.089 1.517 0.131

AIx Urinay K 0.051 0.044 0.064 1.141 0.255

Urinay Na 0.023 0.011 0.125 2.165 0.031

Na/K ratio 0.255 0.266 0.054 0.960 0.338

AIx(HR75) Urinay K 0.056 0.038 0.084 1.497 0.141

Urinay Na 0.018 0.009 0.118 1.997 0.047

Na/K ratio 0.178 0.227 0.045 0.786 0.433

Abbreviations: AIx, augmentation index; AIx (HR75), augmentation index corrected for heart
rate 75 beat per minute; AP, augmented pressure; cDBP, central diastolic blood pressure;
cPP, central pulse pressure; cSBP, central systolic blood pressure; K, potassium; Na, sodium.

Figure 1 Comparison of brachial-ankle pulse wave velocity (baPWV) in three
groups.
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not observed in the entire group or in patients with fractional lithium
excretion above the median value. Second, excess dietary sodium
intake is known to impair endothelial function assessed by using flow-
mediated dilatation,38 increase endothelin-1 expression,39 alter biolo-
gical molecules such as intercellular adhesion molecule-1,40 improve
the endogenous activity of specific matrix metalloproteinases.41

Eventually, all of these factors contribute significantly toward decreases
in the elasticity of arterial walls. Furthermore, oxidative stress,42

decreased bioavailability of endothelial-derived vasodilators (for exam-
ple, nitric oxide),43 and low-grade inflammation44 have also been
recognized to promote arterial stiffness. Third, high sodium intake
may be associated with upregulation of renin–angiotensin–aldosterone
activity.43,45,46 The resulting increase in vascular inflammation and
arterial wall remodeling in both peripheral and central arteries may
collectively exert a deleterious effect on central hemodynamics. Finally,
the release of endogenous digitalis-like factors and salt sensitivity lead
to a defect in the renal response to increases in sodium and water
intake in hypertensive subjects by vascular Na-K ATPase inhibition,
vasoconstriction and increased BP,47 which suggests a synergistic effect
in the alterations of arterial stiffness and compliance.
Several studies have demonstrated that the central hemodynamics

in women are more elevated than that in men.48,49 Nonetheless, our
research found that group C showed more elevated central hemody-
namics than group A despite having fewer women as subjects. There
are several explanations for this finding. First, the focus of our study
was the relationship between urinary electrolytes excretion and central
hemodynamics. Our results showed that a high-sodium diet was
associated with central hemodynamics and arterial elasticity, which
implied that excessive salt intake seems to have a greater impact
on central BP than gender. On the other hand, it is well known that
AIx and other indications of central hemodynamics are affected by
various factors, including age, TC, heart rate, and fasting blood
glucose, which are not determined solely by gender. All of these will
have combined effects on the central hemodynamics in groups
A and C.
Limitations of this study include the use of a relatively hypertensive

study population, which might have limited our potential to identify
the correlations between sodium intake and the vascular variables; in
addition, it may have limited the ability to apply our findings to the
general population. Furthermore, although this study is based on the
best and most-reliable method of measuring salt consumption, the fact
that it is based on a single-day measurement limits its value as an
indicator of the general habits of salt intake over a long period. Thus,
prospective studies should be carried out in hypertensive patients to
evaluate the longitudinal and long-term effects of different levels of salt
intake on central hemodynamics. Again, the association between the
estimated 24-h sodium intake and the indices of central hemody-
namics are modest in this study. However, there are numerous factors
(aging, vascular stiffness, heart rate, renin–angiotensin system, sex and
peripheral vascular resistance) that could have influenced the degree of

central dynamics and arterial distensibility. A previous study by
Polonia et al.27 showed a modest, partial correlation coefficient
between urinary sodium excretion and the indices of central hemo-
dynamics that was similar to the results from this study.

CONCLUSION

In conclusion, in a Chinese hypertensive population, we found that
high salt intake was associated independently and positively with
central BP values and baPWV. Excessive salt intake is important in the
development of arterial stiffness and dysfunction in mildly hyperten-
sive individuals. Prospective interventional studies in patients with
hypertension are required to determine the effect of varying levels of
salt intake on central hemodynamics.
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