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A BS T R AC T
BACKGROUND

Salt substitutes with reduced sodium levels and increased potassium levels have
been shown to lower blood pressure, but their effects on cardiovascular and safety
outcomes are uncertain.
METHODS

We conducted an open-label, cluster-randomized trial involving persons from 600
villages in rural China. The participants had a history of stroke or were 60 years
of age or older and had high blood pressure. The villages were randomly assigned
in a 1:1 ratio to the intervention group, in which the participants used a salt substitute (75% sodium chloride and 25% potassium chloride by mass), or to the
control group, in which the participants continued to use regular salt (100% sodium chloride). The primary outcome was stroke, the secondary outcomes were
major adverse cardiovascular events and death from any cause, and the safety outcome was clinical hyperkalemia.
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RESULTS

A total of 20,995 persons were enrolled in the trial. The mean age of the participants was 65.4 years, and 49.5% were female, 72.6% had a history of stroke, and
88.4% a history of hypertension. The mean duration of follow-up was 4.74 years.
The rate of stroke was lower with the salt substitute than with regular salt (29.14
events vs. 33.65 events per 1000 person-years; rate ratio, 0.86; 95% confidence interval [CI], 0.77 to 0.96; P = 0.006), as were the rates of major cardiovascular events
(49.09 events vs. 56.29 events per 1000 person-years; rate ratio, 0.87; 95% CI, 0.80
to 0.94; P<0.001) and death (39.28 events vs. 44.61 events per 1000 person-years;
rate ratio, 0.88; 95% CI, 0.82 to 0.95; P<0.001). The rate of serious adverse events
attributed to hyperkalemia was not significantly higher with the salt substitute
than with regular salt (3.35 events vs. 3.30 events per 1000 person-years; rate ratio,
1.04; 95% CI, 0.80 to 1.37; P = 0.76).
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CONCLUSIONS

Among persons who had a history of stroke or were 60 years of age or older and
had high blood pressure, the rates of stroke, major cardiovascular events, and
death from any cause were lower with the salt substitute than with regular salt.
(Funded by the National Health and Medical Research Council of Australia; SSaSS
ClinicalTrials.gov number, NCT02092090.)
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levated dietary sodium consumption, as well as low levels of dietary potassium intake, is associated with high blood
pressure and an increased risk of cardiovascular
disease and premature death.1-3 Randomized trials of dietary sodium reduction,4 as well as trials
of dietary potassium supplementation,5 have
shown clear blood-pressure–lowering effects. Salt
substitutes, which replace part of the sodium
chloride in regular salt with potassium chloride,
combine these effects in a single product.6 Salt
substitutes are available in many countries worldwide7 and have proven blood-pressure–lowering
effects in diverse populations.6 However, in the
absence of well-powered, randomized, controlled
trials, there are uncertainties about the effects of
salt substitutes on serious disease outcomes such
as stroke, acute coronary syndrome, and death.
In addition, concern about the theoretical risks
of hyperkalemia and associated sudden death
from the use of salt substitutes in patients with
serious kidney disease has adversely influenced
perceptions of clinicians and the general population.6 The Salt Substitute and Stroke Study
(SSaSS)8 was designed to define the overall balance of benefits and risks of salt substitute as
compared with regular salt on stroke, cardiovascular events, death, and clinical hyperkalemia.

Me thods
Trial Design and Oversight

Participants were enrolled in the current trial
from April 2014 through January 2015. The SSaSS
was an open-label, cluster-randomized trial that
was conducted in 600 villages in the rural areas
of five provinces in China — Hebei, Liaoning,
Ningxia, Shanxi, and Shaanxi. The provinces
were selected on the basis of established collaborations with local academic and government institutions. Two counties within each province
were chosen according to their willingness to
participate, their proximity to the local research
team, and their being broadly representative of
the level of socioeconomic development in the
rural counties in the province. In each of the 10
counties, 60 villages were recruited through a
group consent process that involved the leadership of each village and the local county bureaus
of health. The goal was to recruit approximately
35 persons from each village and to follow each
participant for 5 years. The trial was approved by
2
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the ethics committees at the Peking University
Health Science Center in China and the University of Sydney in Australia, and all participants
provided written informed consent.
The trial was scheduled to be completed in
the first quarter of 2020, but completion was
delayed until the first quarter of 2021 because of
the coronavirus disease 2019 pandemic and regulatory requirements in China. The scheduled final
5-year follow-up visits were conducted later than
planned for about a fifth of participants, but use
of the assigned substitute or regular salt was
continued during this period. The trial was sponsored by the George Institute for Global Health,
where the analyses were performed. The statistical analysis plan, which is provided with the
protocol (available with the full text of this article at NEJM.org), was finalized and posted before unblinding of the data. The first draft of the
manuscript was written by the first author, and
all the authors participated in the subsequent
revisions and the decision to submit the manuscript for publication. The authors vouch for the
accuracy and completeness of the data and for
the fidelity of the trial to the protocol.
Participants

Participants were adult men and women who
had a history of stroke or were 60 years of age
or older and had poorly controlled blood pressure (systolic blood pressure ≥140 mm Hg if receiving blood-pressure–lowering medication or
≥160 mm Hg if not). Participants were required
to provide personal identifiers and could be contacted by telephone or through a friend or relative whom they had nominated. Persons were
excluded if they or someone living in their household had a potential contraindication to the salt
substitute used in the trial; contraindications
included use of a potassium-sparing diuretic, use
of a potassium supplement, or known serious kidney disease. Routine biochemical measurement of
kidney function was not performed. Persons were
also ineligible if they were considered to be unlikely to live longer than 6 months or ate most
meals outside of the home.
Randomization and Follow-up

Villages were randomly assigned in a 1:1 ratio to
the intervention group, in which the participants
used a salt substitute, or to the control group, in
which the participants continued to use regular
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salt. Randomization was stratified according to
county with the use of a central computerized
process. Random assignment of the villages was
performed only after all the participants in the
province had been recruited and all baseline
survey data had been collected. Participants in
the intervention villages were provided reducedsodium salt substitute free-of-charge as a replacement for regular salt. The salt substitute
was manufactured in accordance with the Chinese
national standard and had a composition of 75%
sodium chloride and 25% potassium chloride.
Sufficient salt substitute was provided to cover
all household cooking and food preservation requirements at an average of approximately 20 g
per person per day. Participants were advised to
use the salt substitute instead of regular salt for
all cooking, seasoning, and food preservation
purposes and were encouraged to use the salt
substitute more sparingly, and not more frequently, than they had previously used salt to
maximize the reduction in sodium achieved.
Participants in the control villages continued to
use regular salt as they usually would. General
health advice about stroke prevention, which
included a recommendation to reduce salt intake,
was provided at trial commencement to all villages but was not reinforced thereafter. Use of
other medical therapy was permitted according
to local guidelines.
Follow-up was conducted at 6-month intervals and focused on the identification of trial outcomes, hospitalizations, and other serious illnesses. If a possible trial outcome was identified, then
additional information was collected by asking
participants to complete a structured questionnaire, by photographing documentation held by
the participant or family members, and by seeking data from any medical facilities that the participant had visited during the illness. Supplementary data were also sought from the New
Rural Cooperative Medical Scheme,9 the County
Center for Disease Prevention and Control, and
the Public Security Bureau as appropriate. Scheduled follow-up visits during the first 2 years after
randomization and the final 5-year visit were
conducted in person for all participants. In the
intervals between visits, potential events were
identified only through linkage to databases of
routinely collected health insurance records held
within the New Rural Cooperative Medical Scheme
and National Mortality Surveillance System.10

During years 3 and 4, only persons with potential trial outcome events were seen face-to-face
in order to collect additional information for adjudication of the event. The exception was Changzhi county in Shanxi province, where in-person
follow-up visits were conducted at 6-month intervals throughout the trial period. Every 12
months, a targeted subgroup of participants from
between 54 and 140 villages were visited to measure 24-hour urinary electrolyte excretion, blood
pressure, and adherence to the assigned use of
substitute or regular salt.11
Outcomes

The primary outcome was stroke, which was
defined as an acute disturbance of focal neurologic function resulting in death or symptoms
lasting more than 24 hours.12 Secondary outcomes were major adverse cardiovascular events
(a composite of nonfatal stroke, nonfatal acute
coronary syndrome, or death from vascular causes)
and death from any cause. The safety outcome
was clinical hyperkalemia; sudden death was also
assessed as a key indicator of safety. Routine
serum potassium measurements were not performed. Imaging, clinical, and laboratory data regarding primary, secondary, and safety outcomes
were collected whenever possible. All potential
efficacy and safety outcome events were reviewed by an end-point adjudication committee,
according to standardized definitions provided
in an end-point adjudication charter (see the Supplementary Appendix, available at NEJM.org); the
members of the committee were unaware of the
trial-group assignments. Potential outcome events
were assigned causes and were further classified
as definite, probable, possible, or unlikely, according to the information contained in the supporting evidence. Primary analyses included data
from participants who had definite or probable
outcome events. The exception was the safety
outcome of clinical hyperkalemia; only two events
were classified as definite or probable, and a post
hoc decision was made to also include possible
events in the analysis.
Statistical Analysis

We estimated that a sample size of 21,000 participants in 600 clusters (300 in the salt-substitute
group and 300 in the regular-salt group, with 35
participants in each cluster) would provide the
trial with 90% power to detect a proportional
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20,996 Participants were recruited from 600 villages

1 Died before randomization

600 Villages underwent cluster randomization
(stratified according to county)

300 Villages were assigned
to the salt-substitute group
(10,504 participants)

300 Villages were assigned
to the regular-salt group
(10,491 participants)

5 yr of planned follow-up (face-to-face visit, linkage to routinely collected health data,
or both every 6 mo) with final face-to-face follow-up visit scheduled at the end of yr 5

10,504 (100%) Had known vital status
at the end of yr 5
8535 Were alive
7722 Were followed up in person
664 Were followed up through a
nominated contact
141 Were followed up through
record linkage
8 Were followed up at previous
face-to-face visit
1969 Died

10,491 (100%) Had known vital status
at the end of yr 5
8288 Were alive
7408 Were followed up in person
693 Were followed up through a
nominated contact
176 Were followed up through
record linkage
11 Were followed up at previous
face-to-face visit
2203 Died

Follow-up for nonfatal events,
50,112/50,135 person-yr (>99%)

Follow-up for nonfatal events,
49,361/49,387 person-yr (>99%)

Figure 1. Enrollment, Randomization, and Follow-up.

difference of 13% or more in the rate of stroke
between the participants who used the salt substitute and those who used regular salt at a twosided alpha level of 0.05.8 Primary analyses were
performed according to the intention-to-treat
principle. Adjustment for clustering was made
with the use of a hierarchical Poisson regression
model, with follow-up time as an offset; rate
ratios, 95% confidence intervals, and P values
were used to compare the effects of the salt
substitute and regular salt. Follow-up continued
up to the date of the scheduled final 5-year follow-up visit (at which time vital status was determined for all participants) or to the date of death,
whichever occurred first. With respect to nonfatal
events, the completeness of follow-up was calculated on the basis of the date of death (as determined from a search of health insurance records
4
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Figure 2 (facing page). Effects of Salt Substitution
on Blood Pressure and 24-Hour Urinary Sodium and
Potassium Excretion.
Systolic (Panel A) and diastolic (Panel B) blood pressure was measured in all participants at baseline, and
the differences in blood pressure for each year were
derived from paired comparisons that were adjusted
for clustering. Twenty-four hour urinary sodium (Panel C)
and potassium (Panel D) excretion were measured in
only a subgroup of participants at baseline and at
each year of follow-up, and the differences for each
year were derived from unpaired comparisons in an
analysis of covariance adjusted for clustering. Overall
differences were calculated with a fixed-effect, inverse-variance–weighted meta-analysis of the differences at each year of follow-up. The size of the boxes
is proportional to the inverse variance of the effect
estimates. To convert the values for sodium to milligrams, multiply by 23, and to convert the values for
potassium to milligrams, multiply by 39.

of all deceased participants), the date of the final in-person follow-up visit, the date of final
contact with a family member or other nominated contact, or the date of the final search of
routinely collected health data, whichever represented the longest period from randomization.
Adjustment for multiplicity in the analyses of the
primary and secondary outcomes was performed
post hoc with the use of the Benjamini–Hochberg method. Cumulative event curves were generated with the use of the Kaplan–Meier method.
Summary effects on continuous outcomes were
determined from a fixed-effect, inverse-variance–
weighted meta-analysis of the differences at each
year of follow-up, which were estimated on the
basis of an analysis of covariance that allowed
for clustering. Statistical analyses were performed
with the use of SAS software, version 9.4 (SAS
Institute).

R e sult s
Participants

A total of 20,995 persons were recruited from
600 villages and were assigned to a trial group;
4172 died during the trial. Among the living
participants, 15,130 were seen face-to-face at the
scheduled final follow-up visit, 1357 had final
follow-up through communication with a nominated contact, 317 had final follow-up through
record linkage that was completed 2 to 67 weeks
before the scheduled final follow-up, and 19 had
a final in-person follow-up visit 23 to 51 weeks
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A Systolic Blood Pressure (mm Hg)
Time Point

Salt Substitute

Regular Salt

Mean Difference (95% CI)

no. of participants
Baseline
12 Mo
24 Mo
36 Mo
48 Mo
60 Mo
Fixed-Effects Model
Heterogeneity: I2 =0%; P=0.52

−0.40 (−2.50 to 1.70)
−4.60 (−8.10 to −1.10)
−1.30 (−4.10 to 1.50)
−4.90 (−8.75 to −1.05)
−3.80 (−7.60 to 0.00)
−3.40 (−5.00 to −1.80)
−3.34 (−4.51 to −2.18)

10,491
658
1,374
584
559
7,081

10,504
768
1,412
584
587
7,436

−10

−8

−6

−4

−2

0

2

4

B Diastolic Blood Pressure (mm Hg)
Salt Substitute
Time Point

Regular Salt
Mean Difference (95% CI)

no. of participants

Baseline
12 Mo
24 Mo
36 Mo
48 Mo
60 Mo
Fixed-Effects Model
Heterogeneity: I2 =0%; P=0.73

10,504
768
1,412
584
587
7,436

−0.30 (−1.55 to 0.95)
−1.00 (−3.55 to 1.55)
0.00 (−1.85 to 1.85)
0.70 (−2.30 to 3.70)
−1.70 (−4.40 to 1.00)
−0.80 (−1.70 to 0.10)
−0.67 (−1.39 to 0.05)

10,491
658
1,374
584
559
7,081

−10

−8

−6

−4

−2

0

2

4

C 24-Hr Urinary Sodium Excretion (mmol)
Salt Substitute
Time Point

Regular Salt
Mean Difference (95% CI)

no. of participants

Baseline
12 Mo
24 Mo
36 Mo
48 Mo
60 Mo
Fixed-Effects Model
Heterogeneity: I2 =0%; P=0.81

276
577
1,047
428
444
424

9.96 (−12.39 to 32.32)
−15.69 (−41.05 to 9.66)
−22.45 (−41.52 to −3.37)
−12.55 (−30.41 to 5.31)
−7.89 (−24.73 to 8.95)
−19.95 (−38.71 to −1.20)
−15.21 (−23.72 to −6.70)

268
445
939
392
383
358

−40

−30

−20

−10

0

10

20

30

D 24-Hr Urinary Potassium Excretion (mmol)
Salt Substitute
Time Point

Regular Salt
Mean Difference (95% CI)

no. of participants

Baseline
12 Mo
24 Mo
36 Mo
48 Mo
60 Mo
Fixed-Effects Model
Heterogeneity: I2 =47.4%; P=0.11

276
577
1,047
428
444
424

0.63 (−3.36 to 4.62)
19.13 (12.82 to 25.45)
14.88 (9.73 to 20.03)
21.87 (17.15 to 26.60)
22.48 (17.78 to 27.18)
24.52 (18.74 to 30.30)
20.64 (18.30 to 22.98)

268
445
939
392
383
358

−40

before the scheduled time. Vital status was determined for all the participants. Nonfatal events
were assessed among the participants for 99,473
of 99,522 person-years (>99.9%) of scheduled fol-

−30

−20

−10

0

10

20

30

low-up (Fig. 1), and the overall mean and median
durations of follow-up were 4.74 and 5.12 years,
respectively. At the 5-year follow-up, 91.7% of
the participants in the salt-substitute group and
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Table 1. Effects of Salt Substitution on Cardiovascular Outcomes and Death.*
Outcome

Salt Substitute

Regular Salt

Rate Ratio (95% CI)

no. of events per 1000 person-years
Stroke

29.14

Fatal

33.65

0.86 (0.77–0.96)

6.78

8.79

0.77 (0.65–0.91)

Nonfatal

22.36

24.86

0.90 (0.80–1.01)

Ischemic

21.36

22.90

0.93 (0.82–1.05)

4.37

6.30

0.69 (0.56–0.85)

Hemorrhagic
Undetermined

3.41

4.45

0.76 (0.61–0.96)

12.71

15.04

0.84 (0.73–0.97)

Nonfatal and nondisabling

9.14

9.33

0.99 (0.82–1.91)

Nonfatal and unknown severity

7.30

9.27

0.79 (0.67–0.92)

Definite

9.43

11.62

0.81 (0.70–0.94)

Fatal or disabling

Probable

19.71

22.03

0.89 (0.78–1.02)

Possible

95.60

103.41

0.92 (0.85–0.99)

Nonfatal acute coronary syndrome

3.79

5.12

0.70 (0.52–0.93)

Death from any cause

39.28

44.61

0.88 (0.82–0.95)

Undetermined

8.58

9.58

0.89 (0.75–1.06)

Nonvascular

7.76

8.73

0.89 (0.77–1.03)

Vascular

22.94

26.30

0.87 (0.79–0.96)

Fatal ischemic stroke

1.78

2.23

0.77 (0.55–1.07)

Fatal hemorrhagic stroke

2.55

3.38

0.75 (0.58–0.98)

Fatal undetermined type of stroke

2.45

3.18

0.77 (0.58–1.01)

Death from acute coronary syndrome

2.53

2.53

1.00 (0.75–1.32)

Fatal heart failure

1.10

1.30

0.88 (0.55–1.43)

Kidney-related death

0.32

0.34

0.97 (0.24–3.94)

1.20

1.58

0.72 (0.45–1.14)

11.01

11.76

0.94 (0.82–1.07)

Other known vascular causes
Sudden death from presumed vascular
causes
*	Some participants had more than one outcome.

6.4% of those in the regular-salt group reported
using a salt substitute.
Among the participants at baseline, the mean
age was 65.4 years, 49.5% were female, 72.6%
had a history of stroke, and 88.4% reported having received a diagnosis of hypertension. The
mean blood pressure was 154.0/89.2 mm Hg,
and 79.3% of the participants were using at least
one blood-pressure–lowering medication — 41.8%
were using a calcium antagonist, 22.8% an angiotensin-converting–enzyme inhibitor or angiotensin-receptor blocker, 11.5% a diuretic, 5.7% a
beta-blocker, and 0.9% an alpha-blocker. The
mean 24-hour urinary sodium excretion was 4.3 g
6

(187 mmol), and the mean 24-hour urinary potassium excretion was 1.4 g (36 mmol). Baseline
characteristics were balanced between the trial
groups (see the Supplementary Appendix).
Intermediate Markers of Cardiovascular Risk

Across the follow-up period, the mean difference
in 24-hour urinary sodium excretion between the
salt-substitute group and the regular-salt group
was −350 mg (95% confidence interval [CI], −545
to −154) (−15.2 mmol; 95% CI, −23.7 to −6.7), and
the mean difference in 24-hour urinary potassium excretion was 803 mg (95% CI, 714 to 897)
(20.6 mmol; 95% CI, 18.3 to 23.0). The mean
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B Major Adverse Cardiovascular Events
100
90
80
70
60
50
40
30
20
10
0

25

P=0.006

20

Cumulative Incidence (%)

Cumulative Incidence (%)

A Stroke

Regular salt

15
10

Salt substitute

5
0

12

0

12

0

24

36

24

48

36

60

48

60

100
90
80
70
60
50
40
30
20
10
0

25

Regular salt

P<0.001

20
15
Salt substitute

10
5
0

0

12

24

12

0

24

Month

48

60

36

48

60

8658
8922

8002
8277

7412
7716

Month

No. at Risk

No. at Risk

Regular salt
10,491
Salt substitute 10,504

9870
9992

9288
9508

8752
8997

8138
8385

7580
7846

C Death from Any Cause
100
90
80
70
60
50
40
30
20
10
0

25

Regular salt
10,491
Salt substitute 10,504

P<0.001

Regular salt

20
15
10

Salt substitute

5
0

0

9860
9976

9259
9478

D Hyperkalemia
Cumulative Incidence (%)

Cumulative Incidence (%)

36

12

0

12

24

36

24

48

36

60

48

60

100
90
80
70
60
50
40
30
20
10
0

3

P=0.76

Salt substitute

2
1
Regular salt
0

0

0

12

Month

12

24

36

24

48

60

36

48

60

9274
9451

8853
9038

8385
8612

Month

No. at Risk

No. at Risk

Regular salt
10,491
Salt substitute 10,504

10,116
10,189

9681
9829

9279
9452

8859
9043

8391
8617

Regular salt
10,491
Salt substitute 10,504

10,113
10,187

9676
9827

Figure 3. Effects of Salt Substitution on Trial Outcomes.
Shown are the effects of salt substitute, as compared with regular salt, on the primary outcome of stroke (Panel A), the secondary outcomes of major adverse cardiovascular events (a composite of nonfatal stroke, nonfatal acute coronary syndrome, or death from vascular causes) (Panel B) and death from any cause (Panel C), and the safety outcome of hyperkalemia (Panel D). P values were estimated
with the use of Poisson regression models. The prespecified analyses of stroke, major adverse cardiovascular events, and death from
any cause included definite and probable events, but the analysis of hyperkalemia included definite, probable, and possible events because only two events were classified as definite or probable. In each panel, the inset shows the same data on an enlarged y axis.

difference in systolic blood pressure was −3.34 the salt substitute and regular salt on stroke
mm Hg (95% CI, −4.51 to −2.18) (Fig. 2).
consistently favored the salt substitute across a
broad range of prespecified participant subgroups
Cardiovascular Outcomes and Death
(Fig. 4). As compared with regular salt, the salt
The rate of fatal or nonfatal stroke events was substitute was also shown to protect against the
significantly lower in the salt-substitute group secondary outcomes of major adverse cardiovasthan in the regular-salt group (29.14 events vs. cular events (49.1 events vs. 56.3 events per 1000
33.65 events per 1000 person-years; rate ratio, person-years; rate ratio, 0.87; 95% CI, 0.80 to 0.94;
0.86; 95% CI, 0.77 to 0.96; P = 0.006) (Table 1 P<0.001) and death from any cause (39.3 events
and Fig. 3). Point estimates of the effects of the vs. 44.6 events per 1000 person-years; rate ratio,
salt substitute and regular salt favored the salt 0.88; 95% CI, 0.82 to 0.95; P<0.001) (Table 1 and
substitute with respect to all predefined explor- Fig. 3). The salt substitute was also shown to be
atory outcomes of stroke (Table 1). The effects of beneficial with respect to death from vascular
n engl j med  nejm.org
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Regular Salt
(N=10,491)

Rate Ratio (95% CI)

no. of events per 1000 person-yr
Age
>65 yr
≤65 yr
Sex
Female
Male
Education
Less educated
More educated
Cerebrovascular disease
Yes
No
Diabetes
Yes
No
Hypertensive
Yes
No
Antihypertensive use
Yes
No
Systolic blood pressure
>153 mm Hg
≤153 mm Hg
Diastolic blood pressure
>89 mm Hg
≤89 mm Hg
Body-mass index
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Figure 4. Subgroup Analysis of the Effects of Salt Substitution on the Primary Outcome of Stroke.
“Less educated” indicates primary school or lower, and “more educated” junior high school or higher. The size of
the boxes is proportional to the inverse variance of the effect estimates. The body-mass index is the weight in kilograms divided by the square of the height in meters.

causes (22.9 events vs. 26.3 events per 1000 person-years; rate ratio, 0.87; 95% CI, 0.79 to 0.96)
and nonfatal acute coronary syndrome (3.8 events
vs. 5.1 events per 1000 person-years; rate ratio,
0.70; 95% CI, 0.52 to 0.93) but not with respect
to nonfatal stroke (22.4 events vs. 24.9 events per
1000 person-years; rate ratio, 0.90; 95% CI, 0.80
to 1.01) (Table 1). Point estimates of the effects
of the salt substitute and regular salt favored the
salt substitute with respect to all exploratory
outcomes of death (Table 1).

8

Safety Outcomes

There were two participants who had definite or
probable hyperkalemia (one in the salt-substitute
group and one in the regular-salt group). An additional 313 participants, including 302 who died
and 11 who had a nonfatal event, were identified
as having possible hyperkalemia. There was no
evidence of a significant difference between the
trial groups in the analyses that included data
from participants who had definite, probable, or
possible hyperkalemic events, either in the over-
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all population (3.35 events vs. 3.30 events per 1000
person-years; rate ratio, 1.04; 95% CI, 0.80 to 1.37;
P = 0.76) or in any participant subgroup (see the
Supplementary Appendix).

Discussion
In the present trial, the participants who received the salt substitute had significantly lower
rates of stroke, major adverse cardiovascular
events, and death from any cause than those
who received regular salt. The observed benefits
from the salt substitute were broadly consistent
across participant subgroups and prespecified
exploratory outcome analyses of stroke, other
vascular events, and death. Use of the salt substitute was not associated with any apparent serious adverse effects.
The sizes of the effects on outcomes of stroke
observed in our trial are in keeping with our
power estimates at trial inception and are in accordance with a mechanism of action mediated
through blood-pressure reduction.8 The observed
changes in 24-hour urinary sodium and potassium excretion are of a magnitude consistent
with the measured decline in systolic blood
pressure. Sodium reduction and potassium supplementation have been shown to independently
lower blood pressure and to have synergistic
effects.4,5,13,14 Although a systematic review and
meta-analysis of other studies showed larger effects of salt substitution on blood pressure, all
of these studies were of shorter duration than
the current trial.15 Incomplete adherence to the
use of the salt substitute, consumption of regular salt outside the home, and some use of a salt
substitute in the control group probably attenuated the magnitude of the treatment effects in
the current trial.
The absence of any evident increased risk of
clinical hyperkalemia addresses concerns about
the potential harms from the use of salt substitutes.6 Persons at risk of hyperkalemia were excluded if they reported serious kidney disease or
the use of medicines that might substantially
elevate blood potassium levels. There was no
biochemical prescreening of kidney function or
potassium levels, and there was concomitant use
of drugs blocking the renin–angiotensin system
in approximately a quarter of participants. However, we searched systematically for all serious

adverse events potentially attributable to hyperkalemia and did not identify any increased risk
of this outcome. We also found no increased risk
of sudden death that might be caused by hyperkalemia-induced arrhythmic events. Our data
also provide reassurance about the efficacy and
safety of sodium-intake reduction for the prevention of cardiovascular events and death. There
was no apparent evidence of an increased risk of
any cardiovascular or other adverse outcome
among the participants, who had a mean baseline
24-hour sodium excretion level of 187 mmol per
day (equivalent to 10.75 g of salt and 4.3 g of
sodium), which is only slightly above the average
global intake.16
In the absence of well-powered, randomized,
controlled trials, previous attempts to estimate
the effects of sodium reduction or potassium
supplementation on cardiovascular disease have
relied mainly on observational data, which are
subject to various biases and confounding.17,18 In
contrast, the current trial used a robust, randomized design, was large, and had a long duration
with many outcome events.
This trial has several notable limitations. Potassium was not measured serially, and elevated
potassium levels might have been missed in
some participants. Only one preparation of salt
substitute was used, and thus graded decreases
in sodium intake, which might have induced
graded responses, were not evaluated. Although
the delivery of the intervention was not concealed, the risk of bias was minimized with the
use of objective primary and secondary end
points and standardized methods for the identification of outcome events, including ascertainment through systematic searches of routinely
collected health data and verification by an independent end-point adjudication committee, the
members of which were unaware of the trialgroup assignments. Information that could be
used for adjudication of outcome events was
limited, and definitive assignment of causation
was difficult in many cases. We investigated the
potential effect of misclassification of end points
on effect estimates but found no evidence that
certainty of adjudications had any substantive implications for the primary conclusions of the trial.
We note that the magnitude of protection
observed in this trial is similar to that assumed
in a recent modeling study that estimated that
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The

n e w e ng l a n d j o u r na l

365,000 strokes, 461,000 premature deaths, and
1,204,000 vascular events could be averted each
year by the population-wide use of a salt substitute in China.19 Large benefits might also be
achieved in other countries in Asia, Africa, and
Latin America in which salt intake is above recommended levels.20 Furthermore, because it is
primarily persons in low-income and disadvantaged populations who add large quantities of
salt to their diet during food preparation and
cooking,21 salt substitution — a practical, lowcost intervention (about $1.62 per kilogram of
salt substitute vs. $1.08 per kilogram of regular
salt in China) — may have the potential to reduce health inequities related to cardiovascular
disease.

of

m e dic i n e

In this trial comparing a salt substitute with
regular salt among persons who had a history of
stroke or were 60 years of age or older and had
high blood pressure, the rates of stroke, major
cardiovascular events, and death from any cause
were lower with the salt substitute, which had no
apparent serious adverse effects.
Supported by research grants (APP1164206 and APP1049417)
and an investigator grant (APP1197709, to Dr. Neal) from the
National Health and Medical Research Council of Australia; the
salt substitute used in the trial was purchased by the investigators
from local manufacturers in each province for years 1, 2, and 5
but was donated by Jiangsu Sinokone Technology for years 3 to 4.
Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.
A data sharing statement provided by the authors is available
with the full text of this article at NEJM.org.
We thank all the trial teams and the trial participants.
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