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Abstract

Aim: Marinobufagenin (MBG), a cardiotonic steroid and a natriuretic hormone, is elevated in
response to high salt diet consumption. In animal models salt intake stimulates adrenocortical
MBG secretion via increased angiotensin 11, sympathetic activity and aldosterone. No evidence in
humans exists to suggest the involvement of the angiotensinergic-sympatho-excitatory pathway in
MBG production. We investigated whether MBG is related to indices of autonomic activity in men
and women.

Methods: This cross-sectional study included 680 black and white, men and women from the
African-PREDICT study (aged 20-30 years). Continuous 24 hr ECG recordings were used to
obtain low and high frequency (LF, HF) heart rate variability (HRV). We measured 24 hr urinary
MBG excretion and serum aldosterone.

Results: We found a positive association of MBG excretion with estimated salt intake (P <
0.001) and aldosterone (P < 0.001) in women and men. In women only, a positive relationship was
evident between MBG excretion and LF HRV in multivariate adjusted regression analyses (Adj.
R2=0.33; #=0.11; P=0.030). In men, MBG excretion associated positively with HF HRV in
similar regression analyses (R2 = 0.36; 8= 0.12; P= 0.034). Sex-specific results were
corroborated only in blacks, namely, a positive association of MBG excretion with LF HRV in
black women (/2 = 0.38; = 0.13; P=0.036), and negative association with HF HRV in black
men (A2 = 0.40; = 0.18; P=0.045). No relationships were evident in white women (P= 0.58) or
men (P=0.27).

Conclusion: Our findings in this human cohort support suggested mechanisms whereby MBG is
elevated as a result of increased salt intake, including autonomic activity, previously demonstrated
in Dahl salt-sensitive hypertension.

Keywords
Autonomic activity; human; marinobufagenin; salt intake; women

Introduction

It is well known that excessive salt intake is associated with increased cardiovascular risk
[1]. In response to a high salt intake, endogenous cardiotonic steroids are released — with
reports indicating clear adverse effects of these steroids [2,3]. This includes, amongst others,
marinobufagenin (MBG), a circulating bioactive steroid, synthesized in the adrenal cortex by
means of CYP27A1 enzymatic activity [4]. We have previously confirmed this significant
positive relationship between salt intake and MBG in this study cohort [5]. While MBG has
been linked to several pathological states [3], we have recently demonstrated in healthy
young adults that MBG excretion is associated with increased blood pressure [6], arterial
stiffness [5] and left ventricular mass [7].
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Fedorova et al demonstrated that salt intake stimulates adrenocortical MBG secretion in
Dahl salt-sensitive rats [2,8]. Acute salt loading promoted short-term increases in pituitary
endogenous ouabain and angiotensin 11 (AT 1), along with sustained increases in
adrenocortical AT 11, plasma norepinephrine and MBG. It was proposed that MBG
production was increased in response to salt loading via increased brain ouabain, and
concurrent renin-angiotensin-aldosterone-system and sympathetic activity [8].
Intrahippocampal administration of a low-dose ouabain mimics the effects of salt loading
and stimulates marinobufagenin production in Dahl salt-sensitive rats [9]. Administration of
anti-ouabain antibody inhibited the abovementioned brain ouabain-angiotensinergic-
sympatho-excitatory pathway and resulted in lower circulating MBG and urinary MBG
excretion [8] In addition, the administration of losartan decreased AT I, norepinephrine and
MBG excretion but not endogenous ouabain [8].

Although MBG levels are elevated in young adults on a habitual high salt diet [5-7], no
evidence in humans exists to suggest the involvement of the angiotensinergic-sympatho-
excitatory pathway. We, therefore, investigated whether MBG is related to indices of
autonomic activity in young healthy men and women on a habitual sodium chloride intake,
without detected cardiovascular disease. Heart rate variability (HRV) is one of several
methods used as an indirect measure of autonomic activity [10]. Whilst the heart has an
intrinsic pacemaker [11], HRV is mainly controlled by the complex inter-regulation of the
sympathetic and parasympathetic branches of the autonomic nervous system. Based on the
results from Fedorova et al. [8] we hypothesize that MBG excretion will be positively
associated with indices of sympathetic autonomic activity. We will also explore the
relationship between MBG excretion and aldosterone, taking into account the possible role
thereof as a stimulatory factor in MBG synthesis and excretion.

We previously indicated that men had higher levels of MBG excretion than women, but that
women may paradoxically be more sensitive to the effects thereof [5,6], Therefore, we
investigated the association between autonomic activity and MBG excretion separately in
men and women. This may provide useful insights into to the unparalleled observation of
higher sensitization to MBG despite lower levels, in accordance with reported increased salt
sensitivity in women.

This cross-sectional study included the first consecutive 680 participants with complete 24
hr urinary data, from the African Prospective study on the Early Detection and Identification
of Cardiovascular disease and Hypertension (African-PREDICT). Protocols of the African-
PREDICT study conform to Institutional guidelines and the declaration of Helsinki, and
were approved by the Institutional Health Research Ethics Committee. The study is
registered at ClinicalTrails.gov (Nr. NCT03292094).

Participant recruitment

A fieldwork team recruited black and white adults between the ages of 20 and 30 from
communities in and around Potchefstroom in the North West province of South Africa.
Recruited volunteers were screened to determine eligibility for inclusion into the African-
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PREDICT study. Inclusion criteria were office blood pressure <140/90 mmHg [12], HIV
uninfected, no previous diagnosis or medication use for chronic illnesses (self-reported), not
pregnant or lactating. Eligible participants were invited to the Hypertension Research Clinic.
All participants gave written informed consent before health screening and study
measurements. General health and demographic questionnaires were completed by
participants to obtain data on demographics (age, sex, ethnicity and socio-economic status)
and lifestyle habits (e.g. contraceptive use).

Anthropometry

We measured height (SECA 213 Portable Stadiometer) (SECA, Hamburg, Germany), weight
(SECA 813 Electronic Scales) and waist circumference (Lufkin Steel Anthropometric Tape;
W606PM; Lufkin, Apex, USA) using standard methods, as reported earlier [7], and
calculated body mass index (BMI)(kg/m?).

Cardiovascular measurements

Participants were fitted with a 24 hr ambulatory blood pressure (ABPM) and
electrocardiogram (ECG) apparatus (Card(X)plore, Meditech, Budapest, Hungary). An
appropriately size brachial blood pressure cuff was attached to the non-dominant arm of
participants with the apparatus attached to their waist. Daytime blood pressure recordings
were taken in 30 min intervals (6 AM — 10 PM) and nighttime blood pressure every hour (10
PM - 6 AM). Continuous 24 hr ECG recordings were analyzed using Cardio Visions 1.15.2
Personal Edition software (Meditech, Budapest, Hungary) to obtain HRV data and provide
information on the time- and frequency domains. Although the time domain (including the
standard deviation of normal to normal interval (SDNN)) provides information on changes
in total HRV, this technique is limited in providing information on specific components
contributing to the variance [11,13,14]. The frequency domain, however, reflects different
components of the autonomic nervous system with the low frequency (LF) HRV band being
an index of sympathetic tone, with a parasympathetic component, and the high frequency
(HF) HRV band a reflector of parasympathetic tone, with a sympathetic component [13].
Power spectral density analyses were used to calculate the LF HRV (0.04-0.15 Hz) and HF
HRV (0.15-0.40 Hz), expressed in normalized units [14], as well as the LF/HF ratio.

Biological sampling and biochemical analyses

Participants fasted from 10 PM the evening prior to study measurements. A registered nurse
took early morning blood samples using a sterile winged infusion set and syringes, in a
private room. Thorough instructions were provided to each participant on how to collect 24
hr urine after they discarded the first passed urine of the day.

24 hr urinary MBG was analyzed using a solid-phase Dissociation-Enhanced Lanthanide
Fluorescent Immunoassay (DELFIA), based on a 4G4 anti-MBG mouse monoclonal
antibody [15], which demonstrates a low cross-immunoreactivity with contraceptive
hormones [5] and aldosterone [15]. We previously indicated that MBG from nonextracted
urine samples, in the presence of other hormones and steroids, is measured reliably [5].
When comparing MBG levels from extracted urine samples on C18 columns versus
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nonextracted urine samples, the highly specific 4G4 anti-MBG mouse monoclonal antibody
consistently detected similar levels of MBG in both samples.

The Cobas Integra 400plus (Roche, Basel Switzerland) was used to determine 24 hr urinary
sodium and potassium, as well as serum concentrations of high density lipoprotein
cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-C), triglycerides, C-reactive
protein (CRP), y-glutamyltransferase (GGT) and glucose. \We measured serum cotinine
using the chemiluminescence method on the Immulite (Siemens, Erlangen, Germany), and
serum aldosterone using the RIA Aldosterone Kit (Beckman Coulter, Immunotech, Radiova,
Czech Republic).

Estimated salt intake for this study was calculated as:

(24hr Urinary Na(mmol/L )*Urinary volume(L))*58.44

Estimate NaCI (g/day) = 1000

Statistical analyses

Results

We made use of Statistica version 13.2 (TIBCO Software Inc., Tulsa, Oklahoma, USA) to
perform statistical analyses and GraphPad Prism version 5.0 (GraphPad Software Inc.,
California, USA) to draw figures. Skewed data were logarithmically transformed, and
presented as the geometric mean; 5th and 95th percentile intervals. We performed
independent t-tests to compare the basic characteristics (continuous data) of men and women
and Chi-square tests for categorical data. Pearson, partial and multiple regression analyses
were done in the total group, men and women to investigate the relationship between
indirect indices of autonomic activity and MBG excretion. We considered several covariates
for inclusion as possible independent variables based on the strongest bivariate associations
with HRV variables and MBG excretion. In order to explore the potential influence of
covariates on the relationship of LF HRV and HF HRV with MBG excretion we assessed the
unadjusted, partially adjusted and fully adjusted S-values as part of regression analyses with
MBG excretion as dependent variable. Pearson, partial and multiple regression analyses
were repeated in subgroup analyses of black and white, men and women. We performed
sensitivity analyses for hormonal contraceptive use in black and white women.

Table 1 outlines the basic characteristics of the young men (aged 24.9 + 2.98 years) and
women (aged 24.8 + 3.08 years) from this study. The groups had equal distribution of black
and white ethnicity (P= 0.42). Men had higher blood pressure, LF HRV, LF/HF and SDNN
(P<0.001), while women demonstrated elevated 24 hr HR and HF HRV (£ < 0.001). In
agreement with what we have previously published, men compared to women had a greater
estimated salt intake (P= 0.004), and in accordance, demonstrated higher levels of MBG
excretion (P < 0.001) [5]. Additionally, in this study population 77% (7= 303) of women
and 81% (= 229) of men consumed more than 5 grams of salt per day. The women and
men from this study respectively consumed approximately 7.24 (95% C.I. 7.99; 9.11) and
8.29 (95% C.1. 9.17; 10.5) grams of salt per day, which are higher than the Worlds Health
Organizations recommended amount for adults (5 g salt per day) [16]. While estimated salt
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intake did not differ between black and white adults in the total group (P= 0.21) or in men
(P=0.34), black women consumed significantly more salt compared to white women (P =
0.007).

Regression analyses

Ethnicity

We firstly performed single, partial and multiple regression analyses in the total group which
indicated a significant contribution of sex on the relationship between MBG excretion and
HRV autonomic activity parameters (Supplementary Table 1 & Supplementary Figure 1).
Subsequent single, partial and multiple regression analyses were thus performed according
to sex stratification (Table 2). In women only, a positive relationship was evident between
MBG excretion and LF HRV in single (r=0.11; P=0.033), partial (= 0.10; A= 0.055)
(Table 2) and multivariate adjusted regression analyses (Adj. /2 = 0.33; #=0.11; 2= 0.031)
(Table 3 & Figure 1). Partially adjusted g-values of LF HRV in regression analyses with
MBG excretion as dependent variable (Figure 1), indicated that the inclusion of estimated
salt intake (Adj. /2 =0.23; A= 0.006) or aldosterone (Adj. /2 = 0.005; P=0.12)
significantly adjusted the relationship between MBG excretion and LF HRV.

Although we found no correlation between MBG excretion and autonomic parameters in
single or partial regression analyses in men (Table 2), MBG excretion associated positively
with HF HRV in fully adjusted multiple regression analyses (/2 = 0.36; 8= 0.12; P= 0.034)
(Table 3). Notably, the relationship of MBG excretion with HF HRV is altered by the
parallel inclusion of estimated salt intake and aldosterone, as indicated by partially adjusted
and fully adjusted S-values of HF HRV (Figure 1).

As expected we found a significant positive association of MBG excretion with estimated
salt intake (£ < 0.001) and aldosterone (< 0.001) in women and men.

Due to known salt-sensitivity in black populations [17], we additionally performed subgroup
analyses in black and white men and women. Our sex-specific results were corroborated
only in black women and men (Supplementary Table 2 & Table 4). We found a significant
positive association of MBG excretion with LF HRV in black women (/2 = 0.38; 8= 0.13; P
=0.036), and HF HRV in black men (/2 = 0.40; 8= 0.18; = 0.045), but not in their white
counterparts (all 7> 0.26).

Sensitivity analysis for contraceptive use

We have previously reported on the need to perform sensitivity analysis for hormonal
contraceptive use when reporting associations of MBG with cardiovascular measures in
women [5]. Forty percent of the young women in this study made use of hormonal
contraceptives (41.8% of black and 38.5% of white women). Hormonal injection was more
common in black women (black women 77 =55 (28.4%); white women 1= 6 (3.13%))
compare to oral contraceptive use in white women (white women 7= 68 (35.4%); black
women 17 =23 (12%)). These differences in hormonal contraceptive use methods between
ethnic groups are in line with a recently published study in the South African Medical
Journal [18]. Taking this into account we performed sensitivity analyses for hormonal
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contraceptive use in black and white women respectively (Table 4). In black women the
relationship between MBG and LF HRV remained robust (R2 = 0.36; g = 0.14; = 0.040),
and there was no relationship between MBG excretion and hormonal contraceptive use (R2 =
0.36; 5 =0.040; P=0.55). Interestingly, although there was no relationship between MBG
and LF HRV in white women (/2 = 0.38; 8= 0.17; P=0.79), MBG excretion negatively
associated with hormonal contraceptive use (A2 = 0.38; 8= 0.25; P< 0.001).

Discussion

Main findings

For the first time in a human cohort, our study indicated a significant positive association
between the endogenous cardiotonic steroidal inhibitor of Na*/K*-ATPase, MBG, and
autonomic activity in young healthy men and women, supporting a previously demonstrated
pathway in animal models [8]. In addition, our results were especially evident in black men
and women, highlighting ethnic specific differences with regards to possible autonomic
pathways whereby MBG excretion may be mediated.

Although the relationship between salt intake and MBG excretion is well established in
humans [7], including this study population [5], the relevant stimulatory mechanisms
whereby MBG is released have only been described in animal models [2,8]. Salt loading was
shown to increase brain ouabain and concurrently AT 11 and sympathetic activity [8,19,20],
thereby promoting MBG excretion via this ouabain-angiotensinergic-sympatho-excitatory
pathway (Figure 2) [8]. Brain aldosterone has been also been suggested to stimulate the
ouabain-angiotensinergic-sympatho-excitatory pathway via the neuromodulatory pathway
[21].

We found that salt intake as well as aldosterone positively and independently associated with
MBG excretion in both men and women, which is in accordance with previous studies
[22,23]. Tomaschitz et al. found significantly elevated MBG levels in patients with primary
aldosteronism, and demonstrated positive relationships between plasma aldosterone and
MBG [22]. However, in women only, an independent positive relationship between MBG
excretion and an indirect measure of sympathetic activity, LF HRV [24,25], was found. This
relationship was strengthened when including estimated salt intake in the regression model,
supporting the suggested mechanism whereby MBG excretion is stimulated via increased
autonomic activity in response to salt intake. Intriguingly, we have previously demonstrated
positive associations of MBG excretion with blood pressure [6], arterial stiffness [5] and left
ventricular mass [7], predominantly in women. In support, other studies have found the
effect of salt intake to more pronounced in women [26-28], and that women demonstrate a
15% greater reactivity of aldosterone levels in response to AT Il infusion compared to men
[28].

MBG may additionally play a role in the autonomic feedback regulation via its affect on Na
*/K*-ATPase [29], implicated in cardiac sympathetic regulation [30]. There is some
indication in the previous publications on a high sensitivity of human Na*/K*-ATPase to
MBG. Accordingly, human skeletal muscle a—2 Na*/K*-ATPase exhibited a high affinity to
MBG [31]. In addition, human a1-Na*/K*-ATPase with a high affinity for MBG is
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expressed in the brain and nerve endings, although it is not the primary isoform [29,32]. The
effect of MBG on human neuronal Na*/K*-ATPase, and specifically a—3 subunit, abundant
in the nerve endings [32], would merit future detailed investigations. This feedback
mechanism may also exaggerate sympathetic activation in women. Our results in the women
of this study population [5-7], along with the findings of other studies [26—28], may suggest
that women are likely at a greater risk to the harmful effects of salt in the development of
cardiovascular disease- where MBG may play an important role [5-7].

Conversely, in men a significant positive relationship between MBG excretion and a
measure of parasympathetic activity [14], HF HRV, was only evident after parallel
adjustment for both estimated salt intake and aldosterone. Although we anticipated
relationships of salt intake and aldosterone with MBG excretion, the positive association
between MBG excretion and HF HRV (potentially reflecting parasympathetic activity) was
unexpected, as only indices of sympathetic activity have previously been implicated in
increased MBG excretion [8].

The apparent sex-specific relationship of MBG excretion with LF HRV in women, and HF
HRV in men warrants further investigation into sympathetic and parasympathetic
modulation of MBG excretion. Although 24 hr LF HRV and HF HRV have been thought to
reflect sympathetic and parasympathetic activity, respectivly [24], this assumption is
controversial [13,33,34], While vagal activity has been recognized as a major component of
HF HRV by the Task Force of the European Society of Cardiology and the North American
Society of Pacing and Electrophysiology [14], the physiological interpretation of LF HRV
has been debated [34].

Some have argued that that HRV does not reflect sympathetic activation based on the
dissociation between HRV and norepinephrine spillover [33], peripheral muscle sympathetic
nerve activity (MSNA) [35] and expected increased sympathetic activity with exercise [36].
However, other studies demonstrate contrasting results. Furlan ef a/. indicated a significant
increase in LF HRV (n.u.) along with heart rate, MSNA, plasma epinephring,
norepinephrine, and a decrease in HF HRV during a tilt test in healthy adults [25]. In
support, Sandrone et al. have found that beta blockers reduce LF HRV after myocardial
infarction [37]. It has also been observed that the circadian variation of LF HRV corresponds
with expected decreased sympathetic activity at night and early morning sympathetic surge
[24]. We, therefore, recommend that our findings be repeated using more direct measures of
sympathetic activity such as microneurography [38].

Apart from the sex differences, the relationship between MBG excretion and autonomic
activity was particularly evident in black women and men, who are known to be more salt
sensitive [17], and have increased autonomic activity [39]. While the young age of these
participants might still be protective to prevent MBG over production, exaggerated
sympathetic drive and aldosterone sensitivity [40] associated with black ethnicity could
increase their cardiovascular risk over time.
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Strengths and limitations

Our young study population allows us to investigate the possible relationship of MBG
excretion with indices of autonomic activity in adults who are at their peak cardiovascular
health, while also consuming a high salt diet (77% of the women and 81% of the men had
salt intake > 5grams/day) [16]. This is the first study to investigate this relationship in a
human cohort that supports mechanisms previously only demonstrated in animal model
studies. The cross-sectional design limits the discussion of cause and effect, and therefore
the observational results should be interpreted accordingly. For this study a single 24 hr
urine sample was collected for each participant as opposed to the multiple samples for the
estimation of salt intake. The World Health Organization, however, have indicated that the
use of a single 24 hr urine sample, as the method for estimating population sodium intake, is
sufficient [41]. The impact of age and cardiovascular diseases on the association of MBG
and autonomic activity would merit further investigations.

Conclusion

Our study demonstrated a positive association between MBG excretion and autonomic
activity in young healthy men and women, and particularly in black adults. Our findings in
this human cohort support suggested mechanisms whereby MBG is elevated as a result of
increased salt intake, including autonomic activity, previously demonstrated in Dahl salt-
sensitive hypertension.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel.
Unadjusted, partially adjusted and fully adjusted S-values of heart rate variability estimates

(LF HRV ((a) men; (b) women) or HF HRV ((c) men; (d) women)) as part of regression
analyses with MBG excretion as dependent variable. *In fully adjusted multiple regression
models HRV estimates were adjusted for age, ethnicity, body mass index (BMI), 24 hr
systolic blood pressure (24 hr SBP), high density lipoprotein cholesterol (HDL-C), C-
reactive protein (CRP), glucose, estimated NaCl intake, aldosterone.
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Pearson and partial correlations between indices of autonomic activity and MBG excretion.

Table 2.

MBG excretion (nmol/day)

Men N = 284 Women N=396
24 hr Heart rate (bpm) r<0.001; p=0.99 r=-0.06; p=0.20
24 hr LF HRV (n.u.) r=0.07, p=0.27 r=0.11,p=0.033
24 hr HF HRV (n.u.) r=-0.05; p=0.39 r=-0.06; p=0.21
24 hr LF/HF HRV r=0.06; p=0.31 r=0.08;p=10.13
SDNN r=-0.02; p=0.70 r=0.004; p=0.94

Adjusted for age, ethnicity and body mass index

24 hr Heart rate (bpm) r=-0.04; p=0.51 r=-0.06; p=0.26
24 hr LF HRV (n.u.) r=0.021; p=0.73 r=0.10; p=0.055
24 hr HF HRV (n.u.) r=-0.01; p=0.93 r=-0.05; p=0.34
24 hr LF/HF HRV r=0.01; p=0.81 r=0.06; p=0.21
SDNN r<-0.001; p=0.99 r=-0.02; p=0.68

Note: 24 hr LF HRV, Normalized low frequency power heart rate variability; 24 hr HF HRV, Normalized high frequency power heart rate

variability, 24 hr LF/HF HRV, Ratio of low-to high frequency power; SDNN, Standard deviation of normal R-R intervals.
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Table 3.

Page 17

Fully adjusted multiple regression models with MBG excretion as dependent variable in men and women.

LF HRV(n.u.)
Ethnicity (black/white)
Age (years)

BMI (kg/m?)

24 hr SBP (mmHg)
NaCl intake (g/day)
HDL-C (mmol/l)

CRP (mg/l)

Glucose (mmol/l)

Aldosterone (pg/ml)

B(SE)
HF HRV (n.u.)

Ethnicity (black/white)
Age (years)

BMI (kg/m?)

24 hr SBP (mmHg)
NaCl intake (g/day)
HDL-C (mmol/l)

CRP (mg/l)

Glucose (mmol/l)

Aldosterone (pg/ml)

MBG excretion (nmol/day)

Men N =243 Women N = 349
R2 R2
0.36 0.33
B(SE) P B(SE) P
-0.078 (0.057)  0.17 0.108 (0.050)  0.031
0.164 (0.067)  0.016  0.045(0.056)  0.42
-0.024 (0.056) 0.67 -0.106 (0.046)  0.023
-0.023(0.074)  0.75 0.004 (0.061)  0.95
-0.025 (0.061) 0.68 0.070 (0.054) 0.20
0.567 (0.055)  <0.001  0.542 (0.046)  <0.001
-0.068 (0.057)  0.23  -0.210 (0.049) <0.001
-0.064 (0.059) 0.28 -0.213 (0.051) <0.001
-0.085(0.062) 0.7  -0.084(0.047) 0.073
0.203(0.059)  <0.001  0.165(0.049)  <0.001
MBG Excretion (nmol/day)
R2 R2
0.36 0.32
P B(S.E) P
0.120 (0.056) 0.034  -0.031(0.051) 0.55
0.173(0.068)  0.011  0.076(0.057)  0.18
-0.014 (0.056)  0.80  -0.095(0.047)  0.045
-0.022 (0.075) 0.76 0.011 (0.062) 0.88
-0.021(0.061) 074  0.076(0.055)  0.17
0.566 (0.055) <0.001 0.546 (0.046)  <0.001
-0.068 (0.059) 024  -0.197 (0.049) <0.001
-0.063(0.059)  0.29  -0.209 (0.052) <0.001
-0.086 (0.062) 0.16  —0.093(0.047)  0.049
0.207 (0.059)  <0.001  0.163 (0.050)  0.001

Note: BMI, Body mass index; CRP, C-reactive protein; HDL-C, High density lipo-protein cholesterol; 24 hr LF HRV, Normalized low frequency
power heart rate variability; 24 hr HF HRV, Normalized high frequency power heart rate variability, NaCl intake, Estimated salt intake; SBP,

Systolic blood pressure.
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