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Abstract

Background There is an association between increased dietary sodium intake and the risk of stomach cancer. Lower-
ing dietary sodium intake with sodium-reduced potassium-enriched salt substitutes may reduce this risk. To evaluate
the effects of sodium-reduced potassium-enriched salt substitutes on the risk of stomach cancer and other types

of cancer.

Methods The primary analyses of the Salt Substitute and Stroke Study (55aSS) defined the effects of sodium-
reduced potassium-enriched salt substitutes compared to regular salt on the risk of stroke. This post-hoc investiga-
tion explored effects on stomach and other cancers. SSaSS was an open-label, cluster randomised controlled trial
done in 600 Chinese villages among 20,996 participants. Villages were assigned at random in a 1:1 ratio to receive
sodium-reduced potassium-enriched salt substitutes or continue regular salt use. Fatal and hospitalised cancer events
were identified through direct face-to-face follow-up and record linkage, with adjudication of fatal, but not non-fatal
events.

Results During a mean follow-up of 4.7 years, there were 1040 cancer events (507 fatal, 533 non-fatal) recorded.
There were 212 stomach cancers, 725 other cancers, and 103 cancers with an unknown primary site. There

was a trend toward but not a significant effect of randomised treatment on total stomach cancer (rate ratio (RR) 0.77,
95% confidence interval (Cl) 0.54 to 1.08). The RR for adjudicated fatal stomach cancer was 0.66 (95% Cl 0.44 to 1.00)
compared to 0.88 (95% Cl 0.56 to 1.37) for unadjudicated non-fatal stomach cancer. There was no detectable effect
on total cancer at any site (RR 0.94, 95% CI 0.81 to 1.08), adjudicated fatal cancer at any site (RR 0.85, 95% Cl 0.69

to 1.05), or unadjudicated non-fatal cancer at any site (RR 1.04, 95% C| 0.88 to 1.23).

Conclusions There was no effect of sodium-reduced potassium-enriched salt substitutes on stomach can-
cer or other cancer types detected. Trends toward protection against fatal and non-fatal stomach cancer align
with the observational epidemiology and warrant further investigation.
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Background

Stomach cancer is the fifth most common type of cancer
and is the fourth leading cause of cancer-related deaths
worldwide [1]. Excess sodium intake has been identified
as a dietary risk factor for the development of stomach
cancer [2] in cross-sectional surveys [3, 4], case—con-
trol studies [5, 6], and prospective cohort studies [7, 8].
Excess sodium intake has also been linked, though less
conclusively, to increased risks of other cancers, such as
liver [9], lung [10], and colorectal [11] and esophageal
cancers [12].

Dietary sodium consumption is far above physiological
norms. During hominid evolution dietary sodium intake
was likely about 0.5 g per day but average global intake
is now much higher at about 4 g per day [13]. Intake
is particularly high in many Asian countries, includ-
ing China. The primary source of dietary sodium varies
between populations but typically derives from three
main sources—salt added when cooking or seasoning
in the home, salt added during the manufacture of pro-
cessed foods, and salt added to restaurant foods eaten
outside the home [14]. In general the proportion of die-
tary sodium that comes from salt added in the home is
greater in countries that are less economically developed.

Efforts to reduce dietary sodium have been recom-
mended by the World Health Organisation and many
other national and international agencies for many years.
However, implementing successful and sustained sodium
reduction has proven challenging. Sodium-reduced
potassium-enriched salt substitutes, which typically
replace a portion of sodium chloride with potassium
chloride, have been developed as a practical solution as
they can easily replace regular salt without significantly
changing dietary habits [15, 16].

The Salt Substitute and Stroke Study (SSaSS) was a
5-year cluster randomised trial conducted in 600 vil-
lages in China. The trial demonstrated that switching
to sodium-reduced potassium-enriched salt substitutes
compared to regular salt lowered blood pressure and
protected against stroke, cardiovascular events and pre-
mature death [16]. In conjunction with data from about
20 smaller studies it appears likely that these blood
pressure mediated benefits will be highly generalisable
across diverse population groups. While cancer out-
comes were not specified a priori in the SSaSS, the large

sample size and randomised design of the trial provide a
unique opportunity to investigate the potential effects of
sodium-reduced salt substitutes on stomach and other
cancer risks. Therefore, we conducted this secondary
analysis of SSaSS data to examine the effects of replacing
regular salt with sodium-reduced potassium-enriched
salt substitutes on the risk of stomach and other types of
cancer.

Methods

This study is a post-hoc analysis of data from SSaSS
(ClinicalTrials.gov identifier: NCT02092090). Full details
of the SSaSS design and the main results have been
reported previously [16, 17]. Approval to conduct the
study was received from the ethics committees at the
Peking University Health Science Centre in China and
the University of Sydney in Australia. Written informed
consent was obtained from all participants.

Study recruitment and participants

The study was done in 600 rural villages from ten coun-
ties in five provinces in northern China (Additional file 1:
Fig. S1). Approximately 35 participants who had a history
of stroke or were older than 60 years with uncontrolled
blood pressure (systolic blood pressure>140 mm Hg
if on blood pressure lowering medication or>160 mm
Hg if not on blood pressure lowering medication) were
recruited from each village. Participant inclusion criteria
were designed to maximise the capacity to address the
primary hypothesis of protections against stroke.

Randomisation, intervention, and control

Villages were randomly assigned in a 1:1 ratio to the
intervention or the control group. Randomisation was
done by an independent biostatistician through a cen-
tral computerised process. Participants in the inter-
vention villages were provided with sodium-reduced
potassium-enriched salt substitutes free-of-charge in
a sufficient quantity to replace all use of regular salt for
cooking, seasoning, and preserving foods at home. The
sodium-reduced potassium-enriched salt substitutes had
a composition of 75% sodium chloride and 25% potas-
sium chloride by mass. Participants in the control villages
continued to use regular salt (100% sodium chloride) as
previously.
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Follow-up and data collection

Follow-up was conducted at 6-month intervals and
focused on the identification of the primary and sec-
ondary outcomes of stroke, other major adverse car-
diovascular events and death. The occurrence of all
hospitalisations and other serious illnesses was also
recorded. Information was collected face-to-face from
participants or family members as well as through
searches of routinely collected data. These routinely col-
lected data sources included the health insurance records
held within the New Rural Cooperative Medical Scheme
and the National Mortality Surveillance System. Fatal and
non-fatal cancer events were identified through these
processes.

Outcomes

The primary outcome of interest for these analyses
was stomach cancer comprising both fatal and non-
fatal events. Fatal stomach cancer was defined as death
adjudicated to be directly caused by stomach cancer,
determined by an independent endpoint adjudication
committee blinded to treatment allocation. Non-fatal
stomach cancer events were identified through hospi-
talisation records with cancer-related discharge diagno-
ses. The secondary outcomes of interest were cancers
occurring at other specific sites, all cancers occurring at
any site and a composite outcome, consisting of stomach,
liver, colorectal and lung cancers. Separate analyses were
also done in each case for fatal cancers and for non-fatal
cancer hospitalisations because the former were adjudi-
cated while the latter were not.

For all deaths, the immediate and underlying causes
of death were determined by an endpoint adjudication
committee composed of physicians blinded to group
assignment. We included all deaths which had a cancer
outcome of interest listed as either the immediate or an
underlying cause of death in these analyses.

The Adjudication Committee used a pre-defined
adjudication procedure for assigning causes of death.
Information provided to the adjudicators to support
their decision making included data extracted from the
National Mortality Surveillance System [18], the New
Rural Cooperative Medical Scheme [19], medical docu-
mentation held by the participant or family members,
responses to structured SSaSS questionnaires adminis-
tered face-to-face with the participant or family mem-
bers, and the output of a verbal autopsy process.

Non-fatal cancer hospitalisations were identified by
searching the data from New Rural Cooperative Medi-
cal Scheme for hospitalisations assigned to cancer codes.
Briefly, every discharge diagnosis for a study participant
within the New Rural Cooperative Medical Scheme data-
set was reviewed by clinically trained coders masked to
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participant treatment allocation. The most relevant Med-
ical Dictionary for Regulatory Activities (MedDRA) code
was assigned for each discharge diagnosis with these
analyses based on events falling under the MedDRA pre-
ferred term “cancer”

For every participant with more than one cancer event,
two clinicians reviewed the data to determine whether
there were two separate cancer types, or a primary can-
cer and a metastasis.

Statistical analysis

We conducted intention-to-treat comparisons using
time-to-event analyses of the first occurrence of each
event of interest among participants in the sodium-
reduced potassium-enriched salt substitutes group com-
pared to those in the regular salt group. Adjustment for
clustering was made with the use of a hierarchical Pois-
son regression model, with follow-up time as an off-
set. Cumulative event curves were generated using the
Kaplan—Meier method. If there were multiple non-fatal
events for the same cancer type for a single participant
only, the first non-fatal event was included in the analy-
sis. If a participant had multiple non-fatal cancer events
of different types, after review by two clinicians, all dis-
tinct cancer types were retained and counted as a can-
cer event in the analysis of effects on “all” cancers. If a
participant had non-fatal and fatal events regardless of
the cancer type, and these events occurred within one
month, only the fatal event was included in the analysis.
If the fatal and non-fatal events, regardless of the cancer
type, occurred more than one month apart, all events
were counted.

Cause-specific rate ratios (RR) and 95% confidence
intervals were determined for fatal and non-fatal cancer
combined for stomach cancer, all cancer, cancer occur-
ring at specific sites (breast, colorectal, liver, lung, esoph-
agus, pancreas, and others) and cancers of unknown
primary site.

Subsidiary analyses examined the separate effects on
fatal and non-fatal events as well as the effects on stom-
ach cancer and cancers at any site in the participant
subgroups pre-defined for the primary SSaSS analyses
(including age, sex, body mass index, history of diseases,
smoking status and the use of medication). We did not do
hypothesis testing given the post hoc nature of the analy-
ses and the limited statistical power for most outcomes.
Statistical analyses were performed with the use of SAS
software, version 9.4 (SAS Institute).

Results

Participants

A total of 20,995 persons were recruited and assigned
to either the sodium-reduced potassium-enriched salt
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Salt Regular
substitute salt Rate Ratio
Events per 1000 (95% CI)
person-years
Stomach 1.84 243 —— 0.77 (0.54-1.08)
Other sites
Breast 0.34 0.28 * » 1.15(0.21-6.46)
Colorectal 0.56 0.67 —_— 0.80 (0.33-1.96)
Liver 0.76 1.13 —— 0.67 (0.41-1.10)
Lung 1.89 2.37 —— 0.80 (0.55-1.15)
Oesophagus 1.18 0.85 —_—— 1.45 (0.86-2.42)
Pancreas 0.32 0.26 » 1.01 (0.14-7.16)
Other 2.03 1.94 —— 1.05 (0.75-1.47)
Unknown site 1.20 0.87 —_—— 1.36 (0.88-2.11)
All sites 10.11 10.80 e 0.94 (0.81-1.08)
Stomach, colorectal, liver and lung 5.05 6.62 o 0.76 (0.62-0.92)
0 : 2 3

Fig. 1 Effects of sodium-reduced potassium-enriched salt substitutes versus regular salt on fatal or non-fatal stomach cancer, fatal or non-fatal
cancers at other sites, fatal or non-fatal cancers of unknown primary site, fatal or non-fatal cancers at all sites and a composite outcome consisting

of stomach, colorectal, liver and lung cancers

substitutes or continued regular salt group (Additional
file 1: Table S1). The mean follow-up was for 4.7 years
with 4172 participants dying during the trial period.
There was complete follow-up of all participants for
fatal cancer events and 80% complete follow-up of par-
ticipants for non-fatal cancer events. The incomplete
follow-up for non-fatal cancer events, accounting for
20% of participants, was due to restricted access to one
county’s medical insurance database.

At baseline, the mean age of all SSaSS participants
was 65.4 years and 49.5% were female. The mean body
mass index was 24.8 kg/m? 18.8% were current smok-
ers and 33.5% had smoked at any time. There were
72.7% of participants with a history of stroke, 59.3%
with uncontrolled blood pressure, 16.1% with ischemic
heart disease and 10.6% with diabetes. Forty percent of
participants were taking aspirin or other antiplatelet
agents, and 12.3% were taking a statin or other lipid-
lowering agent. The mean 24-h urinary sodium excre-
tion in the subset of 614 participants in which it was
measured was 4.3 g/day which equated to daily salt
consumption of about 11.9 g/day (Additional file 1:

Table S1). All baseline characteristics were well bal-
anced across randomised groups.

Effects on fatal and non-fatal stomach cancer

In the sodium-reduced potassium-enriched salt substi-
tutes group, 92 fatal or non-fatal stomach cancer events,
from 82 participants (1.84/1000 patient years, pt years),
were recorded. Whereas in the regular salt group, 120
fatal or non-fatal stomach cancer events, from 97 par-
ticipants (2.43/1000 pt years), were recorded. The RR
between the groups was 0.77 (95% CI 0.54 to 1.08) (Figs. 1
and 2). There were 110 adjudicated fatal stomach cancer
events and the RR was 0.66 (95% CI 0.44 to 1.00). For the
102 unadjudicated non-fatal stomach cancer events the
RR was 0.88 (95% CI 0.56 to 1.37). There was no strong
evidence of any differences in effects on stomach cancer
across participant subgroups (Additional file 1: Fig. S2).

Effects on all cancer and cancers at specific sites

A total of 1040 cancer events were recorded (507 fatal
events and 533 non-fatal cancer events). There were
507 fatal or non-fatal events, from 395 participants
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Fig. 2 Effects of sodium-reduced potassium-enriched salt substitutes compared to regular salt on A total stomach cancer, B fatal stomach cancer,

C non-fatal stomach cancer, and D fatal and non-fatal cancer at any site

(10.1/1000 pt years), in the sodium-reduced potassium-
enriched salt substitutes group. Whereas in the regular
salt group, 533 fatal and non-fatal cancer events were
recorded, from 421 participants (10.8/1000 pt years).
The RR for fatal or non-fatal cancer at any site between
the groups was 0.94 (95% CI 0.81 to 1.08). Effects on
cancer at any site were consistent across subgroups
with a trend toward larger effects among younger peo-
ple (<60 years old) and participants without hyperten-
sion (Fig. 3). The separate estimate for total adjudicated
fatal cancer was a RR of 0.85 (95% CI 0.69 to 1.05) and
for total unadjudicated non-fatal cancer was a RR of
1.04 (95% CI 0.88 to 1.23) (Additional file 1: Table S2).
There was no clear effect of potassium-enriched salt
compared to regular salt on the risk of cancer at any
specific site (Fig. 1). The composite outcome, consisting

of stomach, colorectal, liver and lung cancers showed
a RR between the groups of 0.76 (95% CI 0.62 to 0.92)
(Fig. 1).

Discussion

In this post hoc analysis of the SSaSS trial, we identi-
fied no clear effect of the sodium-reduced potassium-
enriched salt substitutes compared to the regular salt
on stomach, total cancer, fatal cancer, non-fatal can-
cer or cancer at any specific site. The study was, how-
ever, limited by the relatively small number of stomach
cancer events recorded and the fairly short duration
of follow-up. Both the observation that the survival
curves appeared to be separating later in follow-up
and the strong trend towards protection observed for
adjudicated fatal stomach cancer suggest that further
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Rate Ratio
(95% ClI)

Salt Regular
substitute  salt
Events per 1000
person-years
Age, years
<60 5.01 8.39
>=60 11.63 11.63
Sex
Male 12.64 13.56
Female 7.84 8.37
Stroke
Yes 9.41 10.72
No 12.24 11.51
Hypertension
Yes 10.29 10.40
No 9.55 15.24
Diabetes mellitus
Yes 12.09 8.45
No 10.00 11.24
BMI, kg/m2
<25 10.27 12.10
>=25 10.13 9.71
ACE or ARB use
Yes 10.77 9.30
No 10.03 11.46
B-Blocker use
Yes 10.99 8.87
No 10.17 11.10
Calcium antagonist
Yes 9.51 10.31
No 10.76 11.41
Statin or other lipid-lowering agents
Yes 10.14 8.99
No 10.22 11.22
Aspirin or other antiplatelet agents
Yes 9.46 10.11
No 10.71 11.49
Smoking
Yes 14.13 13.60
No 9.32 10.33
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Fig. 3 Effects of sodium-reduced potassium-enriched salt substitutes versus regular salt on fatal and non-fatal cancer occurring at any site
in participant subgroups. Abbreviations: BMI, body mass index; ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blockers
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0.61 (0.38-0.97)
0.99 (0.85-1.16)

0.94 (0.77-1.15)
0.93 (0.73-1.19)

0.89 (0.74-1.06)
1.06 (0.80-1.41)

0.99 (0.84-1.15)
0.62 (0.39-1.00)

1.40 (0.65-3.03)
0.89 (0.77-1.04)

0.84 (0.69-1.03)
1.05 (0.83-1.33)

1.19 (0.84-1.67)
0.88 (0.74-1.04)

1.41 (0.50-4.01)
0.92 (0.79-1.07)

0.93 (0.74-1.18)
0.95 (0.78-1.16)

1.40 (0.72-2.70)
0.91 (0.78-1.06)

0.98 (0.77-1.27)
0.94 (0.78-1.14)

1.06 (0.73-1.55)
0.90 (0.77-1.06)
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investigation of this question is warranted. In par-
ticular, longer follow-up of SSaSS participants to
accommodate lag in the effects of sodium-reduced
potassium-enriched salt substitutes on stomach cancer
risk, the accrual of larger numbers of events over time,
and adjudication of all events to minimise errors in the
classification of cancer types would enhance the power
of the analyses.

Stomach cancer risk is associated with a series of modi-
fiable risks including alcohol consumption, smoking, and
an unhealthy diet [20]. Higher levels of dietary sodium
intake have been identified as a particularly strong dietary
risk in multiple human studies. In a meta-analysis of 38
case—control studies, higher sodium intake compared to
lower sodium intake was associated with an approximate
50% increased risk of stomach cancer [21]. A parallel
meta-analysis of 10 prospective cohort studies identified
a directly comparable strength of association for higher
sodium intake compared to lower sodium intake, but also
demonstrated a dose—response relationship, with moder-
ate sodium intake showing adverse effects compared to
lower intake [2]. Notably, follow-up durations in these
observational studies were typically longer than in SSaSS,
and the differences in sodium exposure between study
groups were likely greater. In combination, these consid-
erations mean that the SSaSS data would be expected to
show smaller risk differences between groups and that
the present analyses would have limited power to dem-
onstrate the most likely effects of sodium reduction on
stomach cancer.

Although prior observational studies have suggested
an association between high dietary sodium intake and
increased esophageal cancer risk [12], our exploratory
analysis did not identify a significant protective effect
from sodium-reduced potassium-enriched salt substitu-
tion on esophagus cancer (RR 1.45, 95% CI: 0.85 to 1.42).
The limited number of esophageal cancer events resulted
in wide confidence intervals, indicating insufficient sta-
tistical power to draw definitive conclusions. Moreo-
ver, unlike stomach cancer, there is less clearly defined
biological plausibility linking sodium intake directly to
esophageal cancer risk. Given these uncertainties, future
well-powered studies to detect effects on esophageal can-
cer—with more events and longer-term follow-up—are
required to clarify this relationship further.

Our exploratory analysis found a protective effect in
stomach cancer, colorectal cancer, liver cancer and lung
cancer, though the results were not statistically sig-
nificant. The associations of higher sodium intake with
increased risks of primary cancers at other sites such as
the lung, colon and liver [9, 10] have been observed less
frequently and mechanisms of causation are less well
defined. The findings of observational studies describing
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associations of sodium intake with stomach cancer could
be attributable to confounding factors [21] and the pre-
sent analyses of SSaSS do not resolve this uncertainty.
Limited numbers of events and the potential for errors in
classification of cancer types due to the limited capacity
to adjudicate events has likely also reduced the capac-
ity of the study to detect the real effects of sodium. The
analysis of the composite outcome (combining fatal and
non-fatal events of stomach, colorectal, liver and lung
cancers) observed a statistically significant protective
effect of sodium-reduced potassium-enriched salt sub-
stitutes. This exploratory analysis further suggests that
extending the study follow-up duration and increasing
the number of outcome events might maximise the sta-
tistical power to detect differences between the groups.

The intervention used in this study involved replacing
regular salt with sodium-reduced potassium-enriched
salt substitutes, simultaneously reducing sodium intake
and increasing potassium intake. Both sodium reduc-
tion and potassium supplementation have established
independent and synergistic benefits on lowering blood
pressure and reducing the risk of cardiovascular events,
as clearly demonstrated in the SSaSS trial [16]. How-
ever, this joint effect on cancer outcomes remains
unclear. While sodium reduction alone was associated
with reduced stomach cancer risk in observational stud-
ies [21], the role of potassium supplementation in can-
cer prevention is less clearly defined. Thus, although
the sodium-reduced potassium-enriched salt substi-
tute showed clear benefits on cardiovascular events, its
effects on cancer require cautious interpretation. Further
research is required to elucidate the specific roles and
potential interactions of sodium reduction and potas-
sium supplementation on cancer risk. Moreover, antihy-
pertensive drugs and aspirin were also widely used by the
SSaSS population, and both have been associated with
effects on cancer risks [22, 23]. However, randomisation
resulted in good balance between randomised groups so
effects of these agents should not have biased the findings
of the present analyses.

The SSaSS data provide a unique opportunity to
explore questions about the effects of sodium on can-
cer causation with a robust randomised research design.
Randomisation has controlled for confounding factors in
a way that cannot be achieved in observational studies
and event adjudication by experienced clinicians blinded
to group allocation has ensured independent and unbi-
ased determination of fatal cancer outcomes. Despite
the strength of the study, there are also limitations to the
present analyses. Firstly, history of cancer was not col-
lected at the baseline, which may potentially introduce
bias. However, the current baseline characteristics were
well balanced between the groups, there is the reason to
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believe there was no significant difference in cancer his-
tory between the two groups at the baseline. Secondly,
the limited number of the cancer events may hinder the
interpretation of the study results. There is clear poten-
tial for enhancing future analyses by performing longer-
term follow-up of the SSaSS participants to capture more
events and allow an opportunity for the effects of differ-
ential exposure to sodium on cancer across randomised
groups to fully evolve. Consent for linkage to fatal and
non-fatal events, as well as the collection of data for
adjudication of cancer events, has been secured for this
purpose and resourcing to enable data collection is now
undergoing.

Conclusions

Sodium-reduced potassium-enriched salt substitutes
are emerging as a novel, scalable [24], practical [25] and
affordable mechanism [26, 27] for addressing sodium and
potassium intake amongst populations, with very large
projected net health benefits for cardiovascular outcomes
[28, 29]. This study provides further analyses for effects of
sodium consumption on the risk of stomach cancer and
potentially also other cancer types. However, no clear
effect of sodium-reduced potassium-enriched salt substi-
tutes on stomach cancer or other cancer types was found.
The limited number of cancer events and relatively short
follow-up duration constrained the statistical power of
this post-hoc analysis. There is clear potential for enhanc-
ing future analyses with additional follow-up of partici-
pants for cancer outcomes and providing clarity about
effects of sodium-reduced potassium-enriched salt sub-
stitutes on cancer outcomes would be highly worthwhile.
Future evidence of protection against cancer outcomes
would further support the transition from regular salt to
sodium-reduced potassium-enriched salt substitutes.
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