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Abstract

Hypertension-related death is the leading cause of mortality worldwide, making blood

pressure (BP) control an important issue. Salt substitute is a non-pharmaceutical strat-

egy to improve hypertension control. The goal of this study was to evaluate the

effect of salt substitute on BP and cardiovascular disease. The authors searched the

Cochrane Library and PubMed databases through March 2022, and assessed the

risk-of-bias for included studies by the Cochrane risk-of-bias tool. Twenty-three ran-

domized controlled trials with 32073 patients were included in our systematic review.

A meta-analysis with random effects was performed to analyze the effects of salt

substitute on systolic and diastolic BP, 24-h urinary sodium and potassium, and cardio-

vascular and all-cause mortality. In the random-effects model, participants consuming

salt substitute showed significant reduction in systolic BP (mean difference (MD)

−4.80 mmHg, 95% confidence interval (CI) −6.12 to −3.48, P < 0.0001) and diastolic

BP (MD−1.48mmHg, 95%CI−2.06 to−0.90, P< 0.0001) comparedwith participants

consuming normal salt. In the urine electrolyte analysis, the salt substitute group had

significant reduction in 24-h urine sodium (MD −22.96 mmol/24-h, P = 0.0001) and

significant elevation in 24-h urine potassium (MD 14.41 mmol/24-h, P < 0.0001). Of

the five studies with mortality outcome data, salt substitute significantly reduced all-

causemortality (hazard ratio 0.88,P=0.0003). In conclusion, our analyses showed that

salt substitute has a strong effect on lowering BP and reducing all-cause mortality. By

modifying the daily diet with salt substitute, the authors can improve BP control by

using this non-pharmaceutical management.
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1 INTRODUCTION

Hypertension is a serious medical concern worldwide. It is well-

established that hypertension is one of the most leading causes of

premature morbidity and mortality globally. In 2019, the prevalence

of hypertension among adults aged 30–79 years was 33.1%, or nearly

1.25 billion people.1 Poor blood pressure (BP) control can have seque-

lae of cardiovascular disease as well as fatal events such as ischemic

heart disease and stroke, which were both among the top 10 global

causes of death in 2019.2 Therefore, BP control is a high priority

clinically, and exerts a large burden on the healthcare system.

Among the multiple factors that affect BP control, dietary sodium

intake is a substantial factor in individuals with or without hyper-

tension. The relationship between a salt-restricted diet and improved

BP control has been widely recognized and confirmed by several

studies,3,4 and has attracted recent attention. There is also a linear

dose-response relationship between reduced sodiumconsumption and

change in systolic BP.5 Normally, diet is the main source of sodium,

including the addition of salt while cooking or eating processed food.

TheWorld Health Organization (WHO) recommends reducing sodium

consumption to < 2 g/day (equivalent to 5 g/day salt) in adults to

improve health.6 However, one study also reported that daily salt

consumption levels in most countries greatly exceeded the WHO

recommendations.7 A recent Global Burden of Disease study reported

that excessive intake of sodium was the leading dietary risk factor for

mortality, accounting for 3.20 million deaths globally in 2017,8 and

argued that there is an urgent need to reformulate strategies to reduce

sodium intake.

Salt substitutes replace sodiumchloridewithother substances, such

as potassium chloride. Although decreased sodium intake is a recog-

nized approach to reduce BP, the impact of salt substitutes on BP is still

poorly understood and lacks data from systematic reviews. Moreover,

dietary habits and cooking methods in Asian and Western countries

are quite different, whichmay contribute to variations in mean sodium

consumption. In addition, body mass index can also affect BP when

consuming a high-salt diet.9 Nevertheless, the susceptibility to change

in BP due to equal amounts of sodium intake (dose-response effect)

between Asian andWestern countries remains unclear.

Therefore, the aim of this study was to investigate the effect of

salt substitutes on BP and cardiovascular disease, and to compare the

heterogeneity of these effects among countries/regions. By age and

region, theproportionof all cardiovascular deaths attributed to sodium

intake> 2.0 g per day was highest in East Asia and Southeast Asia, and

this trend was apparent in adults whether they were older or younger

than 70 years old.5 This indicates that improved control of BP is an

important issue for people living in these regions. Salt substitution is a

non-pharmaceutical and low-cost intervention strategy to control BP,

thereby decreasing the prevalence of cardiovascular disease. Unlike

salt restriction, salt substitute is a more practical and enduring strat-

egy to reduce sodium consumption and can result in more satisfactory

adherence. Through the present rigorous review of relevant studies,

theeffectivenessof salt substitutes as anantihypertensive strategy can

be comprehensively investigated.

2 METHODS

2.1 Protocol and registration

Weconducted this systematic review andmeta-analysis by adhering to

the Preferred Reporting Items for Systemic Review andMeta-Analysis

Statement (PRISMA) 2020 guidelines (Tables S1 and S2).10 Due to the

COVID-19 pandemic, the International Prospective Register of Sys-

tematic Reviews (PROSPERO) failed to provide us with a registration

number.

2.2 Eligibility criteria

2.2.1 Types of studies

Randomized controlled trials (RCT) or the followed-up observational

study of the original RCT satisfied the eligibility criteria. Cohort

studies, retrospective studies, or case reports were excluded.

2.2.2 Types of participants

We did not exclude studies with patients of any specific age range, sex

or baseline health status.

2.2.3 Types of intervention

We included trials investigating the effects of salt substitute, which

contains a lower proportion of sodium in salt. Studies which had mul-

tiple interventions besides salt substitute were also eligible if salt

substitute was one of the experimental factors.

2.2.4 Types of outcomes

We included studies investigating the effect of salt substitute on either

peripheral blood pressure, urinary excretion of sodium and potassium

from spot urine or 24-h urine samples, or the mortality of cardiovas-

cular diseases. Studies that did not report the outcome of interest

mentioned above were excluded.

2.3 Data sources and search strategy

For study selection, the online databases of PubMed and the Cochrane

Library were reviewed until March 2022. The search terms were

defined as (salt substitute OR salt substitution OR low sodium substi-

tute OR low sodium salt OR high potassium substitute OR potassium-

enriched salt OR smart salt ORmineral salt OR salt replacement) AND

(blood pressure OR hypertensionOR cardiovascular disease).

After removing duplicate studies, two reviewers (Y.C.T. and Y.P.T.)

independently screened titles and abstracts. Full text was retrieved for
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further assessment. The reviewers independently assessed the review

papers according to the inclusion and exclusion criteria.

2.4 Data extraction and quality evaluation

Three authors independently reviewed the review papers for data

extraction. Each review paper was reviewed by at least two authors

for quality assessment. The extracted components from eligible review

papers were as follows: (1) the first author’s name with year of pub-

lication, (2) study design, (3) country of the study, (4) number of

participants in the intervention and control groups, (5) age and sex

of the participants, (6) duration of follow-up, (7) components of salt

substitute, (8) underlying diseases with hypertension, diabetes melli-

tus, cardiovascular disease, or stroke, (9) BP, and (10) 24-h urine or

spot urine levels of sodium and potassium. For the evaluation of study

quality, the Cochrane risk-of-bias tool for randomized trials (RoB)

was implemented for assessment of study quality by reviewers. Dis-

crepancies were resolved through discussion with a fourth reviewer

(HMC).

2.5 Data synthesis and analysis

The primary outcome was the mean difference with 95% confidence

intervals between the salt substitute group and the control group

for both systolic and diastolic BP. The retrieved data were pro-

cessed using Review Manager (Version 5.4, Cochrane Collaboration)

from the Cochrane Collaboration. Statistical significance was set at

P < 0.05. Meta-analysis with a random-effects model was employed

to integrate between-group mean differences of change in SBP, DBP,

urinary sodium and potassium levels, and the most-adjusted hazard

ratios (HRs) of cardiovascular death and all-cause mortality, using

RevMan 5.4. Subgroup analysis was performed according to age, BP

status, baseline SBP, year of publication, region, sample size, and study

follow-up period.

The heterogeneity among the included studies was evaluated using

the Cochrane Q-test, with a significance level of 0.05, and I2 statistics,

where an I2 > 60% was considered highly heterogenous.11 For out-

comes integrated from more than eight studies, publication bias was

assessed by producing a funnel plot and conducting Egger’s test with

the ComprehensiveMeta-Analysis software package (version 2.2.064;

Biostat, Englewood, NJ, USA) to examine the symmetry of the funnel

plot.12

3 RESULTS

3.1 Literature search and selection

The initial search retrieved 1632 review papers.We first excluded 376

duplicate studies, and then screened the remaining 1256 studies based

on titles and abstracts to exclude review papers on non-relevant top-

ics. From this step, an additional 1176 review papers were excluded.

Twomore review papers were added based on recommendations from

experienced senior authors and the reference lists of the included stud-

ies, because these studies were eligible for our research topic. After

further reviewing the 82 potentially relevant review papers, we iden-

tified 23 studies that met the inclusion criteria for further systematic

review and meta-analysis.9,13–34 A diagram of the literature screening

process is shown in Figure 1.

3.2 Characteristics

Detailed characteristics of the included RCTs are shown in Table 1. A

total of 32073 participantswere included: 52.8%weremale and 47.2%

were female. The review papers were published between 1988 and

2022 and themain clinicalmedical conditionwas hypertension. Among

these studies, 10were conducted in China, two in theUnited Kingdom,

one in Taiwan, one in Japan, one in Korea, one in Brazil, one in Fin-

land, one in South Africa, one in the Netherlands, one in Italy, one in

India, one in Peru, and one in Norway. The intervention in these trials

all included salt substitute that adjusted the proportion of electrolytes

to reduce the proportion of sodium in salt. The most common replace-

ment for sodium chloride was potassium chloride (KCl). The follow-up

duration ranged from 4weeks to 10 years.

3.3 Study quality

Assessment of the risk-of-bias was shown in Figures S1 and S2. The

overall risk-of-bias was low for all included RCTs. Bias was appraised

as low risk, unclear risk, high risk, which accounted for 58.8%, 27.1%,

14.1%, respectively.

3.4 Primary outcomes

Among the included studies, 21 trials reported changes in BP after

intervention. Using a random-effects model, the results of salt sub-

stitution on reducing systolic BP were significantly better than those

of the control group (mean difference (MD) −4.80 mm Hg (95%

confidence interval (CI) −6.12 to −3.48, P < 0.0001). Compared

with the control group, diastolic BP also decreased significantly in

the salt substitute group (MD −1.48 mm Hg, 95% CI −2.06 to

−0.90, P < 0.0001). Comprehensive primary outcomes are shown in

Figure 2.

3.5 Secondary outcomes

3.5.1 Urinary excretion of sodium and potassium

Differences in urine sodium and potassium excretion and the urine

Na/K ratio between the two groups are summarized in Figures 3
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F IGURE 1 PRISMA flow diagram

and S3. Although most of the review papers collected 24-h urine

samples, several review papers only obtained the first morning spot

urine samples from participants. Comparedwith the control group, the

intervention group showed significant reduction in 24-h urine sodium

excretion (MD−22.96mmol/24-h, 95%CI−34.67 to−11.26mmol/24-

h, P = 0.0001); however, there was no significant difference in spot

urine sodium concentration (MD −5.62 mmol/L, 95% CI −28.71 to

17.47 mmol/L, P = 0.63). For potassium excretion, the salt substitute

group showed significant elevation in both 24-h and spot urine potas-

sium excretion (24-h urine K: MD 14.41 mmol/24-h, 95% confidence

interval 10.26 to 18.56; P < 0.0001; spot urine K:7.51 mmol/L, 95%

CI 4.31 to 10.71, P < 0.0001). In general, we found significant reduc-

tion in 24-h urine Na/K ratio between the two groups (MD−0.63, 95%

confidence interval −1.00 to −0.26, P = 0.0008), and the spot urine

Na/K ratio was also significantly reduced in the salt substitute group

(MD −1.07, 95% CI −1.72 to −0.42, P = 0.001). The results above

were correspond with the phenomenon that salt substitute changed

the dietary intake with more potassium but less sodium than normal

salt for participants of these trials.

3.5.2 Mortality

Five review papers reported the prevalence of mortality. As shown in

Figure 4, compared with the control group, the salt substitute group

showed significant reduction in all-cause death (HR 0.88, 95% CI

0.82 to0.94;P=0.0003). Replacingnormal saltwith salt substitute also

trended toward reducing cardiovascular death, but it did not achieve

statistical significance (HR 0.72, 95%CI 0.52 to 1.00, P= 0.05).

3.6 Adverse effect of hyperkalemia

Because the proportion of potassium in the salt substitute is usually

higher than that in the normal salt, it is a substantial issue whether

consuming salt substitute causes hyperkalemia or not. Five included

studies provided the data of follow-up serum potassium level. As

shown in Figure 5, using salt substitute increased the serum potas-

sium by .1 mmol/L, but it did not achieve significant elevation in serum

potassium level (MD 0.10, 95%CI−0.02 to 0.23, P= 0.10).
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F IGURE 2 Effects of salt substitute on (A) systolic blood pressure (BP) and (B) diastolic BP

3.7 Assessment of publication bias

The Egger’s regression test showed a significant asymmetry in the

funnel plot for systolic and diastolic BPs (P< 0.05, Table S3). Neverthe-

less, their effect sizes were not affected by potential publication bias

through the trim and fill analysis (adjusted pooled MD −4.65, 95% CI

−5.97 to −3.34 for systolic BP; MD −0.95, 95% CI −1.60 to −0.30 for

diastolic BP; Figure S4).

3.8 Subgroup analysis

As shown in Figure 6, to thoroughly assess the effect of taking salt sub-

stitute on both systolic BP and diastolic BP in different subgroups, we

further examined the primary outcome by subgroup analysis based on

several factors that may have affected long-term BP control, such as

sample size, mean baseline systolic BP level, mean age of participants,

and duration of follow-up.
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F IGURE 3 Effects of salt substitute on (A) 24-h urinary sodium, (B) 24-h urinary potassium, and (C) 24-h urinary sodium-to-potassium ratio

In general, subgroup analyses did not show effect modification by

the above study characteristics, with the exception that salt substitute

had a more pronounced effect on systolic BP in elderly populations

aged >= 60 years, and there was a higher reduction in systolic BP in

studies with a smaller sample size (< 300 participants).

3.9 Geographical location of the study area

As the main source of sodium comes from our diet, we are curious

whether different eating habits and salt sensitivity of different ethnic-

ity affect the effects of salt substitute on BP in different regions or not.
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F IGURE 4 Effects of salt substitute on (A) cardiovascular death and (B) all-cause death

F IGURE 5 Effect of salt substitute on serum potassium level

Therefore, we analyzed the association between the BP reduction and

geographical location in a subgroup analysis stratified by study region

(Figure 6). However, we found that the effects of salt substitution on

systolic BP and diastolic BP were comparable between Asian and non-

Asia countries. It didn’t show significant difference between different

geographical location of the study area.

4 DISCUSSION

4.1 Summary of main results

This systematic review for the effects of salt substitutes on BP and

cardiovascular outcomes included 23 studies with 32073 participants.

Primary outcome analyses showed that replacing common salt with

a low-sodium salt substitute when preparing food could reduce daily

intake of sodium, and significantly lowerBPand24-h sodiumexcretion.

Furthermore, salt substitution significantly reduced all-causemortality

by 12%.

4.2 Quality of the evidence

Most trials included were of moderate-to-high methodological quality.

Insufficient explanation regarding the allocation concealmentwere the

most common concerns for determining unclear or high risk-of-bias.

Most of the evidence in this review was retrieved from trials with ade-

quate blinding process. However, the first two largest RCT byNeal and
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F IGURE 6 Subgroup analyses for the effects of salt substitute on (A) systolic BP and (B) diastolic BP

coworkers (2021)26 and Li and coworkers (2016)24 were unblinded to

the participants and caregivers, which may have led to performance

bias and influence on outcomes. Barros and coworkers (2015)14 was

appraised as high risk-of-bias in random sequence generation due to

non-strict method of randomization.

Theheterogeneity for systolicBP reduction fromour analysis is very

high. We believed this to be attributed to the following reasons. First,

asmentioned above, the lack of blinding process can have an impact on

blood pressure control. Besides, follow-up duration and the numbers

of recruited participants were varied in our included trials, and there

were also different types of salt substitute among these trials. Further-

more, subgroup analysis of age demonstrated a lower heterogeneity

and significant systolic BP reduction in the elderly patients (Figure 6).

In summary, we suggested that the high heterogeneity of systolic BP



1158 TSAI ET AL.

reductionwas partly related to the different characteristics of included

studies.

Trials that sought to determine the effect of salt substitution on 24-

h urinary electrolyte excretion also encountered the common problem

of unavailability of a portion of urinary data, mostly due to incom-

plete collection of urine samples or missing voids. This may have

contributed to the attrition bias regarding our secondary outcome.

We reviewed the previous studies for the feasibility of estimating 24-

h urine sodium excretion by spot urine sodium data. However, spot

urinary measurements of sodium had been shown to either overesti-

mate or underestimate the natriuresis occurring over the same 24-h

period.35 Xu and coworkers found that using the most widely applied

formulas such as Kawasaki method, INTERSALT method, and Tanaka

method were all inadequate to estimate 24-h urine sodium excretion

by spot urine sodium at the Chinese population level.36 As a result,

for studies only provided spot urine samples, we directly performed

the analysis by using spot urine sodium and potassium without esti-

mating the 24-h urine electrolyte level to avoid falsely assessing the

sodium excretion. Although the spot urine electrolyte concentration

cannot reflect the daily electrolyte excretion, it’s worth noting that

Xu and coworkers proposed that the spot urine Na/K ratio may be an

alternative way to evaluate the daily urine N/K ratio.36 This was com-

patible with the finding that the Na/K ratio were significantly lower

in the salt substitute group either in 24-h urine or spot urine data in

our study.

4.3 Effect of salt reduction by means of using salt
substitute on cardiovascular risk

Studies have shown that lower salt intake is associated with a reduced

risk of cardiovascular disease. Several developed countries such as

Finland and the UK have integrated salt intake reduction into health

promotion policies, which has successfully contributed to decreasing

the incidence of hypertension and deaths from ischemic heart disease

and stroke.37 According to themeta-analysis published in2021, a 5mm

Hg systolic BP reduction could lower the risk of major cardiovascular

event by about 10%.38 As a consequence, we estimated the cardiovas-

cular risk rendered by salt substitute was around 9.6% based on the

results of ourmeta-analysis of SBP reduction 4.8mmHg. In conclusion,

applying salt substitute in daily life to achieve better BP control is an

effective tool for preventing cardiovascular disease.

Our findings address several unanswered questions regarding the

role of salt substitute use and have important clinical implications.

First, we provide the most complete documentation to-date that

suggests a significant decrease in BP in both hypertensive and non-

hypertensive individuals through salt substitution. This intervention

couldbe consideredavitalmethod forprimarypreventionof this highly

prevalent disease. Second, although it is predictable that lowering BP

by salt substitute could have an impact on hypertensive-related car-

diovascular outcomes, only a few studies have reported this potential

benefit. Our study revealed that salt substitution contributed to 12%

reduction in all-causemortality.

4.4 Application of salt substitute in Asian
populations

The results of this study may have considerable impact on Asian popu-

lations for several reasons. First, Asianpopulations are influencedmore

by the salt consumption than Western populations. Previous stud-

ies have shown that Asian populations have a higher salt intake than

Western populations due to dietary habits such as salted fermented

foods.39

Second, salt sensitivity is believed to play a role. This effect is

associated with a variety of physiological, genetic and environmen-

tal factors which made salt-sensitive population more likely to benefit

from salt depletion than the salt-resistant population.40 Previous data

have shown that Asian and African Americans had higher salt sensitiv-

ity than Caucasians due to genetic predisposition.39,41 However, the

result of our subgroup analysis revealed the amplitude of BP reduction

in Asian group was not significantly higher than that in the non-Asian

group. We believed this phenomenon to be attributed to the nature

that the participants who were recruited from specific geographical

location in each trial may share similar genetic traits, which made it

difficult to differentiate between salt-sensitive and salt-resistant indi-

viduals through genotype studies. Further real-world research may be

needed to investigate if Asian people could have better response in BP

reduction to salt substitute than other races.

Furthermore, the importance of BP control is worthy of attention in

Asians than in Western countries. One reason for this is that stroke,

which is more highly related to hypertension than coronary artery

disease, is more common in Asian countries than in Western coun-

tries. Another reason is that data from the Asia Pacific Cohort Studies

Collaboration show that the association between BP and the risk of

cardiovascular disease shows a stronger correlation in Asian popula-

tions than other populations such as Australia and New Zealand.42

Besides, previous studies have also shown that awareness, treatment

adherence, and risk factor reduction for hypertension are still lower

in Asia than in Western countries, despite efforts made by health

professionals.43

Lastly, researchers have proposed that elderly people manifest a

higher BP response to change in sodium intake.44–46 It was compat-

ible with our subgroup analysis that the systolic BP lowering effect

was significantly stronger in the elderly populations agedmore than 60

years. According to theWorld Population Prospects 2019 launched by

the United Nations,47 the countries in East and North-east Asia have

been faced with an unprecedented rate of population aging. Our study

supports the implication that salt substitution is worthy of promotion

and should attract more attention in Asian populations now and in the

foreseeable future.

4.5 Strengths and limitations

To the best of our knowledge, this study is the largest meta-analysis

to investigate the impact of salt substitution on the hypertension con-

trol and major cardiovascular outcomes. This study showed that salt
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substitution could decrease systolic and diastolic BP, which would sub-

stantially ameliorate major cardiovascular outcomes. This indicates

that salt substitutes can provide a similar benefit to salt reduction, but

hardly change the taste of food.48

Our study has several limitations: First, given that our systematic

review included a variety of clinical trials, some undetected con-

founding factors may be present, especially different regimens of salt

substitution and intervention durations. Second, although salt sub-

stitution is feasible for reducing hypertension, it may be harmful in

patients with chronic kidney disease or tubular acidosis. Consider-

ing the significant increase in urinary potassium levels, patients with

reduced glomerular filtration rates may be at risk of severe hyper-

kalemia under dietary interventions with a salt substitute. Participants

in these trials excluded patientswith renal insufficiency. Proper patient

selection will be essential to further clinical implementation. Third, the

enrolled patients in the included studies may differ from real-world

patients due to the lack of major comorbidities such as diabetes mel-

litus, renal failure, or cerebrovascular accident, which are known to

be hypertension-related diseases. Future real-world implementation

would provide stronger evidence of the benefit of salt substitu-

tion in patients with hypertension-related comorbidities. Based on

our systematic review, salt substitution should be promoted as an

effective intervention to reduce the incidence of hypertension and

hypertension-related complications. Among Asian populations with

salt-sensitive genetic backgrounds and high dietary sodium intake,

healthcare policies that encourage salt substitution could be effective

tools to reduce hypertension and hypertension-related complications.

5 CONCLUSIONS

In conclusion, our analyses showed that salt substitutes have a strong

effect on lowering BP and reducing all-cause mortality. By modifying

the daily diet with salt substitutes, we can improve BP control by using

this non-pharmaceutical managementmethod.
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SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.
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