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Abstract

Background: Salt substitution (SS) has been found to reduce blood pressure (BP). However, the impact of SS on cardiac structure, as
assessed through ultrasonic cardiogram (UCG) and electrocardiograms (ECG), remains poorly understood. This study aims to evaluate
the effects of SS on cardiac structure and ECG parameters. Methods: This 12-month prospective, multi-center, randomized, double-blind
study involved hypertensive patients aged 50 to 70 years with office systolic BP (SBP) ranging from 140 to 180 mmHg and diastolic BP
(DBP) ranging from 90 to 110mmHg. A total of 352 patients were enrolled and equally randomized to either the normal salt (NS) group or
SS group. Office BPmeasurements (OBPM)were obtained at baseline and at 3, 6, and 12months, while home BPmeasurements (HBPM)
were recorded at baseline, 3, 6, 9, and 12 months. Fasting blood, UCG, and ECG parameters were obtained at baseline and at the end
of the study. Results: Of the 352 enrolled patients, 322 completed the study. In the SS group, the reductions in systolic OBPM, HBPM,
and diastolic HBPM were significantly greater than those in the NS group. Notable cardiac parameter changes included a reduction in
QT dispersion (QTd) by –5 ms (–10, 5) in the NS group and –5 ms (–15, 0) in the SS group (p = 0.001); the T wave peak-to-end (Tp-e)
value was 0 ms (–5, 10) and –5 ms (–10, 0) (p< 0.001), respectively; and Tp-e/QT was 0 (–0.01, 0.02) and –0.02 (–0.04, 0) (p< 0.001),
respectively. Additionally, left atrial diameter (LAD) was 0 mm (–1, 1) and –1 mm (–2, 1) (p< 0.001), and the change in left ventricular
mass (LVM) was –2 g (–17.75, 11) and –7 g (–18, 6) (p = 0.035), respectively. Conclusions: This study demonstrates that SS not only
significantly decreased LAD and LVM, indicating a significant effect on cardiac structure, but also improves UCG parameters, including
reductions in QTd, Tp-e, and Tp-e/QT. These findings highlight the potential of SS as a beneficial intervention in managing cardiac risks
in hypertensive patients. Clinical Trial Registration: ChiCTR1800019727. (https://www.chictr.org.cn/showproj.html?proj=31036).
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1. Introduction
In 2010, approximately 1.4 billion people worldwide

had hypertension (elevated blood pressure [BP]), represent-
ing 31.1% of the global population [1]. In wealthy coun-
tries, the prevalence, management, and control rates of
hypertension were 67%, 55.6%, and 28.4%, respectively,
while in low-and middle-income countries, these rates were
37.9%, 29%, and 7.7% [1]. Hypertension remains the pri-
mary cause of death globally, accounting for over 10 mil-
lion annually deaths [2].

A 3-year randomized, placebo-controlled study
demonstrated that a low-salt, high-potassium salt substitu-
tion (SS, 65% NaCl, 25% KCl, 10% MgSO4) significantly
reduced systolic BP (SBP) by 9.19 mmHg and diastolic BP
(DBP), by 3.03 mmHg compared to normal salt (NS) [3].
Another study indicated that potassium-enriched SS pro-
tected organs such as the heart and kidneys, in hypertensive
rats [4]. In addition, echocardiography has demonstrated
prognostic value for heart disease in hypertensive patients
[5]. Therefore, it is important to evaluate the effect of SS
on ultrasonic cardiogram (UCG) parameters.

Many lines of evidence indicate that hypertensive pa-
tients have higher QT dispersion parameters compared to
those without hypertension [6]. Prolonged QT interval
(QT) and corrected QT interval (QTc), whether they were
congenital or acquired, were linked to malignant arrhyth-
mias, primarily torsades de pointes (TdP) ventricular ar-
rhythmias, and sudden death in both healthy individuals
and patients with cardiovascular disease [7–10]. However,
there is limited data on the relationship between SS and
electrocardiogram (ECG) parameters. Hence, this study
aimed to evaluate the effect of SS on cardiac structure and
ECG parameters in mild-to-moderate middle-aged and el-
derly hypertensive patients.

2. Methods
2.1 Participants and Study Design

This was a 12-month prospective, multi-center, ran-
domized, double-blind study. Patients with hypertension
were chosen from two Dalian, Liaoning, North China com-
munity service centers (Dalian Xigang People Square Shi-
dao Street Community Health Service Center and Dalian
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Xigang People’s Square Changchun Road Community
Health Service Station). Hypertension was defined as of-
fice SBP ≥140 mmHg and/or DBP ≥90 mmHg or taking
antihypertensive agents [11]. The inclusion criteria were
as follows: (1) primary hypertension, which we defined as
SBP<180mmHg and/or DBP<110mmHg; (2) being aged
from 50 to 70 years; (3) eating at least two meals at home
every day; and (4) having a serum potassium concentration
<5.0 mmol/L at baseline.

The sample size was estimated according to the for-
mula N = (1 + 1∕κ) (σ z1−α

2 +z1−β

µA−µB )2, where the value of α
was 0.05 and that of β was 0.1. The sample size was deter-
mined to be 160 for both the SS and NS groups. Consid-
ering losses to follow-up and other problems, we expanded
the participation count by 10%. Thus, we enrolled 352 pa-
tients total, with 176 in each group.

2.2 Ethics Statement
The Chinese Clinical Trial Registry number for this

study is: ChiCTR1800019727. The project received ethi-
cal approval from the Human Ethics Committee of Dalian
Medical University (DMU). Each participant signed an in-
formed consent form.

2.3 Protocol
The protocol involved an initial interview conducted

by skilled investigators on demographic traits (age, sex,
height, weight, and usage of antihypertensive agents). The
formula for calculating body mass index (BMI) was weight
divided by squared height. Employing a computerized ran-
domization program, the participants enrolled in the study
were randomized into either the NS or SS group in a 1:1
ratio. The NS contained 100% sodium chloride, and the SS
consisted of 43% sodium chloride, 32% potassium chloride,
while 25% was comprised of other ingredients.

2.4 Electrocardiography
Standard 12-lead ECG recordings at a paper speed of

25 mm/s were obtained from patients in the supine posi-
tion using a commercially available device (NIHON KO-
HDEN ECG2350, Shanghai, China); the patients were ex-
amined at both baseline and the study endpoint. The QT
interval was measured manually across three consecutive
beats from the QRS complex onset to the terminus of the T
wave’s return to the T–P baseline, each of which was per-
formed by an observer blind to the study groups. The arith-
metic mean was then used. In cases of U waves, the end
was determined by the nadir between the T and U waves,
but when the T waves were superimposed on the U waves,
this lead was discarded. The corrected QT interval (QTc)
was derived using Bazett’s formula from 1920: (QTc = QT
interval/ 2

√
RR) in 1920 [11]. The QT interval difference

between the longest and shortest QTs was used to calculate
QT dispersion (QTd). The V5 lead’s T wave peak-to end
(Tp-e) interval was calculated by measuring the time inter-

val between the T wave’s peak and end. V4 and V6 were
used when the V5 lead was not suitable.

2.5 Measurement of Blood Pressure
As mentioned in our previous article, office BP mea-

surements (OBPM) was obtained at baseline and the 3rd,
6th, and 12thmonths, and homeBPmeasurements (HBPM)
was obtained at baseline and the 3rd, 6th, 9th, and 12th
months [12].

2.6 Echocardiograph
The ECG parameters were measured by a doctor with

specialized training while the patient was in the supine posi-
tion (using Mindray DC-N6PRO, Shenzhen, China) at both
the baseline and the endpoint of the study. The left atrial
diameter (LAD), interventricular septal thickness at end di-
astole (IVSTd), left interventricular internal diameter at end
diastole (LVIDd), and the thickness of the left interven-
tricular posterior wall thickness at end diastole (LVPWTd)
were measured using two-dimensional images. Left ven-
tricular mass (LVM) was calculated via the following for-
mula: LVM = 0.8 [1.04 (IVSTd + LVIDd + LVPWTd)3 –
(LVIDd)3] + 0.6. Finally, the LVM index (LVMI) was cal-
culated as LVM/body surface area.

2.7 Statistical Analysis
Statistical analysis was performed using SPSS 25.0

(IBM Corp., Armonk, NY, USA). Means ± SDs and t-
tests were used to express and compare continuous vari-
ables with a normal distribution. Median and interquar-
tile ranges and the Mann–Whitney U test were used to
describe and compare non-normally distributed variables.
Frequency and Chi-squared tests were used to show and
compare categorical variables. A value of p < 0.05 was
considered statistically significant.

3. Results
3.1 Characteristics of the Participants

A total of 352 patients were recruited at baseline, with
30 (8.5%) withdrawing during the intervention. After com-
pletion of the interviews, the NS group had 160 participants,
and the SS group had 162 participants. The average ages of
the NS and SS group participants were 62.17 ± 4.69 and
62.96 ± 4.51 years, respectively. The NS group included
72 (45.0%) male participants, while the SS group included
58 (35.8%) male participants. There were no statistically
significant differences in age, sex, BMI, antihypertension
agent usage, or systolic and diastolic OBPM at baseline (Ta-
ble 1).

3.2 Comparison of HBPM and OBPM at Baseline and the
Endpoint between the NS and SS Groups

At baseline, there were no significant differences be-
tween systolic and diastolic OBPM and HBPM (all p >

0.05). However, at the study endpoint, there were signif-
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Table 1. Baseline demographic and clinical profile of hypertensive participants by treatment group.

Characteristics
NS SS

p
(n = 160) (n = 162)

Age (y) 62.17 ± 4.69 62.96 ± 4.51 0.125
Male sex (N, (%)) 72 (45%) 58 (35.8%) 0.093
BMI (kg/m2) 25.67 ± 3.19 26.16 ± 3.23 0.174
Antihypertension agents

CCB (N, (%)) 106 (66.3) 109 (67.3) 0.844
ACEI/ARB (N, (%)) 58 (36.3) 70 (43.2) 0.131
β-blocker (N, (%)) 29 (18.1) 24 (14.8) 0.423
ACEI/ARB+CCB (N, (%)) 33 (20.6) 42 (25.9) 0.261
β-blocker+CCB (N, (%)) 19 (11.9) 18 (11.1) 0.830
β-blocker+ACEI/ARB (N, (%)) 9 (5.6) 13 (8) 0.393
ACEI/ARB+β-blocker + CCB (N, (%)) 5 (3.1) 8 (4.9) 0.409

Baseline OBPM (mmHg)
SBP 133.2 ± 13.0 135.3 ± 13.7 0.161
DBP 78.0 ± 11.2 77.6 ± 10.1 0.744

NS, normal salt; SS, salt substitution; BMI, body mass index; CCB, calcium channel
blocker; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor
blocker; BP, blood pressure; OBPM, office BP measurements; SBP, systolic BP; DBP,
diastolic BP.

icant differences in BP levels. Specifically, both the sys-
tolic and diastolic OBPMwere significantly lower in the SS
group as compared to the NS group (p = 0.001 for SBP, and
p = 0.04 for DBP). There were also significant decreases to
both the systolic and diastolic HBPM in the LS group when
compared to the NS group (p = 0.001 for SBP, and p = 0.04
for DBP) (Figs. 1,2).

3.3 Ultrasonic Cardiogram Parameters at Baseline and
the Endpoint

There were no statistical differences in LAD, IVSTd,
LVIDd, LVPWTd, LVM, and LVMI between the two
groups at baseline and the end of the study (all p > 0.05)
(Fig. 3).

3.4 Comparison of Changes in UCG Parameters between
the NS and SS Groups

Treatment with SS induced significant differences in
the measurements of LAD (–1 mm [–2, 1] versus 0 mm [–
1, 1], p < 0.001), LVM (–7.0 g [–18.0, 6.0] versus –2.5 g
[–18.0, 11.0], p = 0.035), and LVMI (–4.2 g/m2 [–9.7, 3.4]
versus –1.4 g/m2 [–10.1, 6.1], p = 0.041) when compared
to the NS group. There were no significant differences be-
tween treatments in the measurements of IVSTd (–1 mm [–
1, 0] versus –1 mm [–1, 0], p = 0.194), LVIDd (1 mm [–1,
1] versus 1 mm [–1, 1], p = 0.535), or LVPWTd (0 mm [–1,
1] versus 0 mm [–1, 0.75], p = 0.239). These findings sug-
gest that the salt substitution may have a more pronounced
effect on certain cardiac structural parameters (Fig. 4).

3.5 Electrocardiogram Parameters at Baseline and the
Endpoint

At baseline, ECG parameters including QT, QTc,
QTd, Tp-e, Tp-e/QT, and R wave voltage in lead V5 (RV5)
+ S wave voltage in lead V1 (SV1) showed no differences
between the NS and SS groups. However, at the study end-
point, significant reductions were observed in the SS group
compared to the NS group for QTd (20 ms [20, 25] versus
25 ms [20, 30], p < 0.001), Tp-e (85 ms [80, 90] versus 90
ms [85, 95], p < 0.001), and Tp-e/QT ([0.19, 0.22] versus
0.22 [0.21, 0.24], p < 0.001 for Tp-e/QT). No significant
changes were found in QT, QTc, or RV5 + SV1 between
the two groups (Fig. 5).

3.6 Comparison of Changes in ECG Parameters between
the NS and SS Groups

We next examined the changes in ECG parameters be-
tween endpoint and baseline. There were no significant
differences in the changes of QT or QTc between the two
groups (p = 0.73 and p = 0.486, respectively). However,
the SS diet did induce changes to QTd ( –5 ms [–10, 5] vs
–5 ms [–15, 0], p = 0.001), Tp-e (0 ms [–5, 10] vs –5 ms
[–10, 0], p< 0.001), and Tp-e/QT (0 [–0.01, 0.02] vs –0.02
[–0.04, 0], p < 0.001), when compared to patients on a NS
diet. Additionally, the change in RV5 + SV1 was 0.07 mv
(–0.12, 0.33) in the NS group compared to 0mv (–0.21, 0.2)
in SS group (p = 0.014) (Fig. 6).

4. Discussion
This study demonstrated significant antihypertensive

effects of a SS diet in both OBPM and HBPM for both SBP
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Fig. 1. Comparison of OBPM responses to SS diets in hypertensive patients. (1a) Comparison of systolic and diastolic OBPMs
between NS and SS groups at baseline. (1b) Comparison of systolic and diastolic OBPMs between NS and SS groups at the study
endpoint. *p < 0.05. NS, normal salt; SS, salt substitution; BP, blood pressure; OBPM, office BP measurements; SBP, systolic blood
pressure; DBP, diastolic blood pressure.

Fig. 2. Comparison ofHBPMresponses to SS diets in hypertensive patients. Comparison of homeBPmeasurement (HBPM) between
NS and SS groups at baseline (2a) and the endpoint (2b). *p < 0.05. NS, normal salt; SS, salt substitution; BP, blood pressure; SBP,
systolic blood pressure; DBP, diastolic blood pressure.

and DBP when compared to participants consuming a NS
diet. Furthermore, SS significantly improved cardiac struc-
ture and UCG parameters in middle-aged and elderly hy-
pertensive patients. Our current results align with previous
studies indicating that SS lowers blood pressure and reduces
cardiovascular events among elderly residents in care facil-
ities [13]. These results, utilizing a larger sample size, rep-
resent an update of previous data from our lab where the
OBPM change in DBP did not reach statistical significance
[12]. These results underscore the robustness of SS as a
therapeutic strategy.

While a positive relationship was found between
sodium intake and LAD [14], historical data has previously
yielded mixed results. In 1989, Cuneo et al. [15] observed

no significant change in mean LAD after six days of ele-
vated sodium intake (approximately 220 mmol/d), though
a subsequent infusion of 2 L of saline within 2 h on the sev-
enth day increased LAD. Conversely, Rush et al. [16] found
a significant reduction in LAD in dogs on a low-sodium diet
compared to those on a high-sodium diet. In our study, the
first to investigate the effect of SS on LAD in hypertensive
patients, a significant decrease in LAD was noted in the in-
tervention group compared to the control group, highlight-
ing the sensitivity of LAD as an early indicator of hyperten-
sion effects in response to dietary sodium adjustment.

Although no significant differences were found in
other cardiac structural parameters such as IVSTd, LVIDd,
and LVPWTd, the significant change in LAD was antici-
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Fig. 3. Comparison of UCG parameters in response to SS diets in hypertensive patients. (3a) Comparison of UCG parameters at
baseline. (3b) Comparison of UCG parameters at the study endpoint. NS, normal salt; SS, salt substitution; UCG, ultrasonic cardiogram;
LAD, left atrial dimension; IVSTd, interventricular septal thickness at end diastole; LVIDd, left interventricular internal diameter at end
diastole; LVPWTd, left interventricular posterior wall thickness at end diastole; LVM, left ventricular mass; LVMI, left ventricular mass
index.

Fig. 4. Comparison of changes in cardiac structural parameters in response to SS diets in hypertensive patients. NS, normal salt;
SS, salt substitution; LAD, left atrial dimension; IVSTd, interventricular septal thickness at end diastole; LVIDd, left interventricular
internal diameter at end diastole; LVPWTd, left interventricular posterior wall thickness at end diastole; LVM, left ventricular mass;
LVMI, left ventricular mass index;∆: net difference, * p < 0.05, ** p < 0.001.

pated. Left atrial enlargement, as detected by UCG, is rec-
ognized as an early indication of hypertension [17], sup-
porting the observed reduction in LAD following SS treat-
ment. Ferrara et al. [18] similarly reported a significant
reduction in LVM after just six weeks of rigorous salt re-
striction, where sodium intake was notably reduced to about
1016mg per day. However, another clinical trial did not ob-
serve LVM reduction in patients after 12 months of lower
dialysate sodium during hemodialysis [19]. These differing

outcomes highlight the variability in response, which can be
attributed to differences in study populations, intervention
methods, degrees of salt restriction, and study durations.

To the best of our knowledge, this study is the first to
evaluate the impact of SS on ECG parameters. A previous
study including 64 participants demonstrated that a low-salt
diet significantly decreased corrected QTd and Tp-e val-
ues in normotensives within seven days, whereas these in-
dexes were prolonged after 7 days of a high-salt diet as com-
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Fig. 5. Differential impact of salt substitution on ECG parameters at study baseline and endpoints. Comparison of ECG parameters
(QT, QTc, QTd, Tp-e, Tp-e/QT, RV5+SV1) between NS and SS groups at baseline (5a) and the endpoint (5b). ** p< 0.001. NS, normal
salt; SS, salt substitution; ECG, electrocardiogram; QT, QT interval; QTc, corrected QT interval; QTd, QT dispersion; Tp-e, T wave
peak-to end; RV5+SV1, sum of the amplitudes of the R wave in lead V5 and the S wave in lead V1.

Fig. 6. Comparison of changes in ECG parameters (endpoint
to baseline) in response to SS diets in hypertensive patients.
NS, normal salt; SS, salt substitution; ECG, electrocardiogram;
QT, QT interval; QTc, corrected QT interval; QTd, QT dispersion;
Tp-e, Twave peak-to end; RV5+SV1, sum of the amplitudes of the
R wave in lead V5 and the S wave in lead V1; ∆: net difference,
*p < 0.05, ** p < 0.001.

pared to a low-salt diet [20]. These changes were reversed
with potassium supplementation, suggesting that sodium
restriction and potassium enrichment can beneficially mod-
ify ECG parameters [20]. However, the earlier study was

limited by its small sample size and brief intervention pe-
riod. In contrast, our findings indicate reductions in QTd,
Tp-e, and Tp-e/QT ratios after 12 months of using a low-
sodium high-potassium salt. Notably, Tp-e and Tp-e/QT
ratios are critical markers for risk stratification in patients
with Brugada syndrome [21] and have been proposed to
predict malignant ventricular arrhythmia [22], underscor-
ing the clinical importance of our results.

5. Strength and Limitations
Our study provides valuable insights into the effects of

salt substitution on OBPM, HBPM, cardiac structure, and
ECG parameters. As a result, it is reasonable to propose
that SS be widely used. More clinical studies are needed
to test the protective effect of SS on target organs, in ad-
dition to BP reduction. However, several limitations war-
rant consideration. While our study highlights the benefi-
cial effects of salt substitution on OBPM, HBPM, cardiac
structure, and ECG parameters, several limitations warrant
further consideration. First, only middle-aged and elderly
hypertensive patients were included in this study. A more
diverse age range might provide a more comprehensive un-
derstanding of SS’s hypotensive and organ-protective ben-
efits. Second, we enrolled only patients with hypertension
who did not have severe renal dysfunction, so we did not ex-
amine whether salt substitution is feasible in patients with
severe renal dysfunction. Third, the population was lim-
ited to northern China. Including patients from other geo-
graphic, cultural, and economic areas can validate the gen-
eralizability of these findings. Fourth, dietary compliance
was not directly monitored. The degree of compliance can
affect the reliability of the study’s conclusions about the ef-
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ficacy of SS. Future studies should address these gaps to
enhance the generalizability and applicability of SS in di-
verse patient populations.

6. Conclusions
In summary, this study demonstrated that SS had a sig-

nificant impact on cardiac structure and ECG parameters, in
addition to BP reduction. Despite these benefits, not all hy-
pertensive patients demonstrate a connection between their
salt intake and hypertension, and some may resist dietary
changes [23]. Therefore, effective strategies are needed
to clarify the connection between salt intake and hyperten-
sion and to promote salt reduction. These strategies could
include emphasizing the benefits of reducing sodium in-
take or decreasing the consumption of processed and ultra-
processed foods [24].

Availability of Data and Materials
The data sets generated and analyzed during the cur-

rent study are not publicly available but are available from
the corresponding author on reasonable request.

Author Contributions
YNJ, WS, LC, YZ, XC and HQD performed the re-

search on the topic and wrote the manuscript. All authors
read and approved the final manuscript. All authors have
participated sufficiently in the work and agreed to be ac-
countable for all aspects of the work.

Ethics Approval and Consent to Participate
The project received ethical approval from the Human

Ethics Committee of Dalian Medical University (DMU).
Ethics approval number: PJ-KS-KY-2019-20(X). Every
participant signed the informed consent.

Acknowledgment
Not applicable.

Funding
This study was supported by National Nature Science

Foundation of China (Grant Number: 82070427).

Conflict of Interest
The authors declare no conflict of interest.

References
[1] Mills KT, Bundy JD, Kelly TN, Reed JE, Kearney PM, Reynolds

K, et al. Global Disparities of Hypertension Prevalence and Con-
trol: A Systematic Analysis of Population-Based Studies From
90 Countries. Circulation. 2016; 134: 441–450.

[2] Unger T, Borghi C, Charchar F, Khan NA, Poulter NR, Prab-
hakaran D, et al. 2020 International Society of Hypertension
Global Hypertension Practice Guidelines. Hypertension (Dallas,
Tex.: 1979). 2020; 75: 1334–1357.

[3] Zhou B, Webster J, Fu LY, Wang HL, Wu XM, Wang WL, et al.
Intake of low sodium salt substitute for 3years attenuates the in-

crease in blood pressure in a rural population of North China - A
randomized controlled trial. International Journal of Cardiology.
2016; 215: 377–382.

[4] Zhou X, Liu JX, Shi R, Yang N, Song DL, Pang W, et al. Com-
pound ion salt, a novel low-sodium salt substitute: from animal
study to community-based population trial. American Journal of
Hypertension. 2009; 22: 934–942.

[5] Modin D, Biering-Sørensen SR, Mogelvang R, Landler N,
Jensen JS, Biering-Sørensen T. Prognostic Value of Echocar-
diography in Hypertensive Versus Nonhypertensive Partici-
pants From the General Population. Hypertension (Dallas, Tex.:
1979). 2018; 71: 742–751.

[6] Stoickov V, Deljanin M, Ilic, Stoickov M, Saric S, Tasic I, et
al. The impact of hypertension on qt dispersion and echocardio-
graphic parameters in patients after myocardial infarction. Jour-
nal of Hypertension. 2018; 36: e61–e62.

[7] Haugaa KH, Bos JM, Tarrell RF, Morlan BW, Caraballo PJ,
Ackerman MJ. Institution-wide QT alert system identifies pa-
tients with a high risk of mortality. Mayo Clinic Proceedings.
2013; 88: 315–325.

[8] Gibbs C, Thalamus J, Heldal K, Holla ØL, Haugaa KH, Hysing
J. Predictors of mortality in high-risk patients with QT prolonga-
tion in a community hospital. Europace: European Pacing, Ar-
rhythmias, and Cardiac Electrophysiology: Journal of theWork-
ing Groups on Cardiac Pacing, Arrhythmias, and Cardiac Cel-
lular Electrophysiology of the European Society of Cardiology.
2018; 20: f99–f107.

[9] Daniels SR. Prolonged QT interval in oncology. The Journal of
Pediatrics. 2020; 217: 1–3.

[10] Isbister J, Semsarian C. Sudden cardiac death: an update. Inter-
nal Medicine Journal. 2019; 49: 826–833.

[11] HC B. An analysis of the time-relations of electrocardiograms.
Heart. 1920; 7: 353–357.

[12] Che L, Song W, Zhang Y, Lu Y, Cheng Y, Jiang Y. A random-
ized, double-blind clinical trial to evaluate the blood pressure
lowing effect of low-sodium salt substitution on middle-aged
and elderly hypertensive patients with different plasma renin
concentrations. Journal of Clinical Hypertension (Greenwich,
Conn.). 2022; 24: 140–147.

[13] Yuan Y, Jin A, Neal B, Feng X, Qiao Q, Wang H, et al. Salt
substitution and salt-supply restriction for lowering blood pres-
sure in elderly care facilities: a cluster-randomized trial. Nature
Medicine. 2023; 29: 973–981.

[14] Pääkkö TJW, Perkiömäki JS, Silaste ML, Bloigu R, Huikuri HV,
Antero Kesäniemi Y, et al. Dietary sodium intake is associated
with long-term risk of new-onset atrial fibrillation. Annals of
Medicine. 2018; 50: 694–703.

[15] Cuneo RC, Espiner EA, Crozier IG, Yandle TG, Nicholls MG,
Ikram H. Chronic and acute volume expansion in normal man:
effect on atrial diameter and plasma atrial natriuretic peptide.
Hormone and Metabolic Research = Hormon- Und Stoffwech-
selforschung = Hormones et Metabolisme. 1989; 21: 148–151.

[16] Rush JE, Freeman LM, Brown DJ, Brewer BP, Ross JN, Jr,
Markwell PJ. Clinical, echocardiographic, and neurohormonal
effects of a sodium-restricted diet in dogs with heart failure.
Journal of Veterinary Internal Medicine. 2000; 14: 513–520.

[17] Miller JT, O’Rourke RA, Crawford MH. Left atrial enlarge-
ment: an early sign of hypertensive heart disease. American
Heart Journal. 1988; 116: 1048–1051.

[18] Ferrara LA, de Simone G, Pasanisi F, Mancini M, Mancini M.
Left ventricular mass reduction during salt depletion in arterial
hypertension. Hypertension (Dallas, Tex.: 1979). 1984; 6: 755–
759.

[19] Marshall MR, Vandal AC, de Zoysa JR, Gabriel RS, Haloob
IA, Hood CJ, et al. Effect of Low-Sodium versus Conventional
Sodium Dialysate on Left Ventricular Mass in Home and Self-
Care Satellite Facility Hemodialysis Patients: A Randomized

7

https://www.imrpress.com


Clinical Trial. Journal of the American Society of Nephrology:
JASN. 2020; 31: 1078–1091.

[20] He M, Mu J, Liu F, Ren K, Wang Y, Guo T, et al. Effects of a
high salt intake and potassium supplementation on QT interval
dispersion in normotensive healthy subjects. Internal Medicine
(Tokyo, Japan). 2015; 54: 295–301.

[21] Tse G, Gong M, Li CKH, Leung KSK, Georgopoulos S,
Bazoukis G, et al. Tpeak-Tend, Tpeak-Tend/QT ratio and Tpeak-Tend
dispersion for risk stratification in Brugada Syndrome: A sys-
tematic review and meta-analysis. Journal of Arrhythmia. 2018;
34: 587–597.

[22] Zhao D, Liang B, Peng J, Tang L, Su R, Luo L, et al. Tp-e and

(Tp-e)/QT ratio as a non-invasive risk factors for malignant ven-
tricular arrhythmia in patients with idiopathic ventricular prema-
ture complexes. Journal of Clinical Laboratory Analysis. 2021;
35: e23636.

[23] Pesantes MA, Diez-Canseco F, Bernabé-Ortiz A, Ponce-Lucero
V, Miranda JJ. Taste, Salt Consumption, and Local Explanations
around Hypertension in a Rural Population in Northern Peru.
Nutrients. 2017; 9: 698.

[24] Barbosa SS, Sousa LCM, de Oliveira Silva DF, Pimentel JB,
Evangelista KCMDS, Lyra CDO, et al. A Systematic Review
on Processed/Ultra-Processed Foods and Arterial Hypertension
in Adults and Older People. Nutrients. 2022; 14: 1215.

8

https://www.imrpress.com

	1. Introduction
	2. Methods
	2.1 Participants and Study Design
	2.2 Ethics Statement
	2.3 Protocol
	2.4 Electrocardiography
	2.5 Measurement of Blood Pressure
	2.6 Echocardiograph
	2.7 Statistical Analysis

	3. Results
	3.1 Characteristics of the Participants
	3.2 Comparison of HBPM and OBPM at Baseline and the Endpoint between the NS and SS Groups
	3.3 Ultrasonic Cardiogram Parameters at Baseline and the Endpoint
	3.4 Comparison of Changes in UCG Parameters between the NS and SS Groups
	3.5 Electrocardiogram Parameters at Baseline and the Endpoint
	3.6 Comparison of Changes in ECG Parameters between the NS and SS Groups

	4. Discussion
	5. Strength and Limitations
	6. Conclusions
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

