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What We Know, Think We Know, or Are Starting to Know
The debate over the role of sodium in hypertension and cardiovascular disease [CVD] risk 
ties together a number of issues specific to nutrition science, and indeed that highlight the 
difference between nutrition and biomedical research. Across both the epidemiology and 
intervention literature, these issues include:

 • Difficultly in quantifying a clearly defined exposure [i.e., sodium], due to measurement 
errors in assessing sodium levels;

 • Tightly correlated moderating factors, specifically potassium;

 • Conflation between increasing a causal pathway of disease [sodium>hypertension] vs. 
modifying the effect on that pathway [potassium];

 • Apparent “controversy” in observational research, largely due to lazy interpretation and 
lack of sensitivity to methodology;

 • Difficulty in conducting randomised controlled trials with death as an endpoint, due to 
ethical concerns;

 • Inappropriate extrapolation of specific niche considerations, specifically sodium 
requirements in athletes, to population health. The epitome of BroScience.

We could pull all of this into a collegiate debate: “This House Thinks Lowering Sodium Reduces 
Cardiovascular Disease Risk.”

The Opposition have a well-worn argument: but “salt loading” tho. But potassium tho. But 
RCTs tho. Ok maybe hypertension but death tho. 

The Proposition, as always, are faced with the omnipresent difficulty in nutrition science of 
finding large RCTs that actually measured sodium and potassium, with more than just an 
intermediate risk factor as an outcome, i.e., lots of dead people. 

Oh, wait...
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*Geek Box: Cluster Randomisation

The present study had a design that is slightly different to the traditional method of randomisation. 
First, let’s recap on what an “open-label” trial is. When you see an RCT labelled as “open-label”, this 
means that the trial is conducted in similar conditions to regular clinical practice, or in this case, 
real life. It is “open” because both the researchers and the participants know what intervention the 
participants are receiving. Consequently, it is completely unblinded, compared to a single-blind 
trial, where the researchers know what intervention the participants are receiving, or a double-blind 
trial, where neither researchers or participants know. Open-label trials are often used to compare 
two treatments. In this case, salt substitute vs. regular salt. Now, who got the salt-substitute and 
who continued with regular salt was determined using a cluster-randomisation method. What does 
“cluster” mean in this context? It means that the unit of randomisation is not an individual. Rather, a 
cluster of individuals in a pre-specified group are randomised together. This method of randomisation 
is often used in education and public health policy research. For example, suppose you want to do an 
intervention in a school comparing the effects of a reading technique in children. If you randomised 
individuals in a classroom, you could have a situation where a child receiving the intervention is 
sitting next to a child in the control group; this would lead to what is called “contamination”, i.e., the 
potential for the treatment and control groups to mix and thus compromise the intervention. To 
prevent contamination, and also for ease of implementation, it would be more useful to randomise 
the entire class; therefore, randomisation assigns the whole of Class A to the intervention and Class B 
is assigned to the control. Thus, the class is the “cluster”. In the present study, the village was the unit 
of randomisation. Only the 35 participants in a village assigned to the intervention were provided 
with the salt substitute, limiting the potential for participants in a control group village to have the 
salt substitute available.

The Study 

The Salt Substitute and Stroke Study [SSaSS] was an open-label, cluster-randomised* 
trial conducted in 600 villages in rural China.  300 villages were randomly assigned to the 
intervention and 300 to the control. The trial aimed to recruit 35 people per village, adult men 
and women with a history of stroke or >60yrs of age with hypertension.

The intervention was a salt substitute comprised of 75% sodium chloride [NaCl] and 25% 
potassium chloride [KCl]. The control group continued with regular salt practices. Participants 
were provided with enough salt substitute to cover 20g per person per day salt for household 
cooking and preservative requirements.

The total duration of the study was 5yrs. Follow-up assessments were conducted every 
6-months during the study, and sodium and potassium were measured every 12-months.

The primary outcome was stroke. Secondary outcomes included major vascular events and 
total mortality.
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Results: 20,995 participants were randomised, of which 4,172 died during the trial. Mean 
age at baseline was 65yrs, ~50% were female, 72% had a history of stroke, and 88% had a 
hypertension. Baseline sodium excretion was 4.3g, and 1.4g for potassium. For sodium, this 
translates to a baseline salt intake of ~11g/d. 

	• Sodium	and	Potassium:	Compared to the control group, urinary sodium excretion was 
350mg [95% CI, 154mg to 545mg] lower in the intervention group. This corresponds to 
around a 0.9g lower salt intake. Urinary potassium was 803mg [714mg to 897mg] higher. 

	• Blood	Pressure:	Compared to the control group, systolic blood pressure was 3.34mmHg 
[95% CI, 2.18 to 4.51mmHg] lower in the intervention group, and diastolic blood pressure 
was 0.67mmHg [95% CI, 0.05 to 1.39mmHg] lower. 

	• Stroke:	Compared to the control group, risk of stroke was 14% [HR 0.86, 95% CI 0.77 - 
0.96] lower in the salt substitute group.

Figure	from the paper illustrating the difference in stroke risk between the regular salt control 
group [blue solid line] and the salt substitute intervention group [yellow dashed line]. Per 

1,000 person-years of follow-up, the event rate for stroke was 29.14 in the intervention group vs. 
33.65 in the control group. FYI, ‘person-years’ are a way of standardising the fact that individual 
participants will have spent different number of years in the study, i.e., some may die after 2yrs, 

some after 4yrs, some may drop out altogether, and some may finish the full 5yrs.

	• Major	 Cardiovascular	 Events:	Compared to the control group, the risk of major CVD 
events was 13% [HR 0.87, 95% CI 0.80 - 0.94] lower in the salt substitute group. 
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Figure	from the paper illustrating the difference in stroke risk between the regular salt control 
group [blue solid line] and the salt substitute intervention group [yellow dashed line]. Per 

1,000 person-years of follow-up, the event rate for cardiovascular events was 49.1 in the 
intervention group vs. 56.3 in the control group. 

The Critical Breakdown
Pros: The randomisation method was appropriate for this scale of intervention.  The trial had 
a huge sample size for a nutrition intervention, and the number of deaths is both startling 
and, from a research perspective, a massive bonus for powering the trial to detect differences 
between groups. Think about it; nearly a quarter of trial participants died during the follow-up 
period...wow. The population studied had a habitually high sodium intake [~11g/d], which is 
crucial given the importance of contrasts in exposure for nutrition research. The use of urinary 
biomarkers helped to establish a level of compliance with the intervention. The analyses was 
conducted using intention-to-treat, which is a form of analysis which includes all participants 
that were randomised in the study, irrespective of whether they completed the trial or not [this 
maintains balance in numbers between study arms, limiting the introduction of bias]. Half the 
study participants were female, and the cohort was a relevant at-risk population.

Cons: As always, it is frustrating when not even a baseline overall dietary analysis is conducted. 
Perhaps the major red flag is the sodium measurements [as always!]. In the main paper, it states 
that 24hr urinary sodium was assessed - if this was the case, and given the repeated measures 
of sodium every 12-months, this would be highly robust. However, the supplementary data then 
throws a curveball and states: “Urine assays will be spot or 24hr at baseline and then either spot 
or 24hr on subsequent occasions.” So which was it? 24hr collections and spot samples are in no 
way equivocal for their accuracy. However, no detail is provided as to the respective contributions 
of either 24hr samples or spot samples to the repeated measures of sodium over the course of the 
study. Mixing and matching between these samples would not be too methodologically sound 
as far as quantifying urinary sodium and potassium levels. The paper reports on 24hr sodium 
excretion; I want to take this as the measurement, but there is ambiguity which the authors 
should have fully resolved given the importance of this issue to the sodium literature.
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Key Characteristic
The salt substitute invites the predictable “but potassium tho” critique, i.e., it is the effect of 
added potassium, not lowering sodium, which explains the reduced risk of stroke. However, recall 
that potassium is a moderating factor. This means it does not invalidate that a causal relationship 
between sodium and stroke/CVD exists, but modifies the size of that effect through influencing 
intermediate risk factors, in particular blood pressure, through which sodium acts. 

We can make this distinction by looking at an example. In the INTERMAP study, including 17 
population samples across four countries [the US, Japan, the UK, and China] the relationship 
between the urinary sodium:potassium ratio and blood pressure was most evident at lower 
sodium levels: at higher sodium levels, higher potassium levels did not modulate the relationship 
between sodium and BP (1).

The figure below illustrates this point, taken from the INTERMAP study by Stamler et al. (1). 
This figure illustrates the relationship between systolic blood pressure and different quartiles 
[‘fourths’] of sodium excretion relative to quartiles of potassium excretion. The 1st quartile 
represents the lowest level for both sodium and potassium; the 4th is the highest. The lines on 
the graph represent potassium, while the corresponding point on the bottom X-axis represent 
sodium. 

Look at the blue dashed line; this is the lowest level [1st quartile] of potassium. When it is above 
the corresponding lowest level [1st quartile] of sodium, you can see that blood pressure is still 
higher than the other points. Now, look at the purple dashed line; this is the highest level [4th 
quartile] of potassium intake. When it is above the corresponding lowest level [1st quartile] of 
sodium, blood pressure is at its lowest. However, now look at when the highest level [4th quartile] 
of potassium is above the corresponding highest level [4th quartile] of sodium; the protective 
effect of potassium on blood pressure is no longer evident, and blood pressure is still increased. 

Thus, the effect of the relationship between sodium and potassium is more pronounced at lower 
sodium intakes and higher potassium intakes (rather than high potassium and high sodium). 
This is the essential difference between factor which causally increases risk [sodium] vs. related 
variable which modifies effect of causal factor [potassium].
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Interesting Finding
Within the composite endpoint of total stroke, the most striking magnitude of effect was for 
hemorrhagic stroke, the risk of which was 31% [HR 0.69, 95% CI 0.56 - 0.85] lower in the salt 
substitute group. Some of the earliest associations between salt/sodium and stroke were 
observed in the Japanese population in the post-Second World War period (2,3). This was at 
a time when the Japanese diet was of interest to heart disease research, given they had very 
low levels of coronary heart disease (4). However, they had a shocking prevalence of stroke, 
and associations between sodium, blood pressure, and hemorrhagic stroke were evident (2,3). 
The Japanese salt reduction public health program corresponded to an 80% reduction in total 
stroke mortality, during a period when other risk factors like dietary fat, smoking prevalence, 
alcohol, and obesity, all increased (5). The present study builds on the strength of this previous 
research by demonstrating that in high-risk populations consuming high levels of salt, even 
modest reductions in sodium may reduce of total stroke and specific stroke subtypes.

Relevance
Overall, while not perfect, from the perspective of nutrition-specific issues this is one SSaSSy 
intervention. 

I’    sorry, really couldn’  help that. 

Nerd jokes aside, it is important to bear in mind that this study is not the first of its kind. 
And that my alliteration is possible more outstanding than my puns. The Taiwanese Veterans 
Study used a potassium-enriched salt which consisted of half 49% salt and 49% potassium, 
and resulted a 40% lower risk of CVD death compared to the usual salt control group (6). 

Interventions targeting whole communities have also previously been conducted in Portugal, 
where two villages - one intervention and one control - were compared in a salt reduction 
program which achieved a 50% difference in salt intake between villages, and lowered systolic 
and diastolic blood pressure by 13mmHg and 6mmHg, respectively (7). Although this study did 
not have CVD evens as an outcome.

So what of events? Other than the Taiwanese Veterans trial, which used a similar salt substitute, 
the best available evidence of from interventions has not been particularly voluminous, and is 
derived primarily from the Trials of Hypertension Prevention [TOHP] I and II studies, and the 
Trial of Nonpharmacologic Interventions in the Elderly [TONE] study. Meta-analysis of these 
studies demonstrated a 20% risk of CVD events for a 2g/d decrease in salt intake (8).

The present study thus adds a significant amount of weight to the evidence by the sheer 
number of deaths at the trial’  end. The differences are evident in both composite endpoints, 
and specific stroke and cardiovascular disease secondary outcomes. The available evidence 
from interventions now shows reductions in both CVD events and mortality, strengthening the 
case in favour of sodium reduction. 

If we take the primary paper at face value and assume that repeated 24hr urinary sodium 
collections were taken, not spot samples, then this is the most robust study of sodium 
reduction to be conducted.
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Application to Practice
The baseline level of salt intake is higher than the average current UK salt intakes, which 
sits around ~8g/d (9). The reductions in sodium in the UK population, as a result of food 
product reformulation, have contributed to significant reductions in stroke mortality in the                     
population (9). Facilitating further reductions in sodium intake with clients and patients, with 
concomitant increases in potassium, remains a nutrition best-practice; of particular note is 
the evidence from the the TOHP and TONE studies which suggested that the longer sodium 
reduction was maintained, the lower the risk for CVD events (8).

It is also important to distinguish a key fact that is evident when we consider the totality of 
the research; increasing potassium intake is not the sole intervention and does not supplant                  
the need to reduce sodium. This is common rhetoric, particularly in the fitness industry, and it 
is not a correct interpretation of the available evidence. The benefit to higher potassium levels 
is most pronounced when sodium intake is low. Keep this in mind with approaching clients and 
patients, particularly those with elevated blood pressure.
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