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The World Health Organization (WHO) aided by
investigators from the Cochrane Collaboration pub-
lished an updated review of randomized trials and
prospective cohort studies on dietary sodium conducted
in healthy populations.1,2 Their quantitative analyses
indicated that sodium intake <2000 mg/d was associ-
ated with reductions in blood pressure. In cohort
studies, higher sodium intake was associated with a
24% higher risk of stroke, a 63% higher risk of stroke
death, and a 32% higher risk of coronary heart disease
death. There was inadequate statistical power to address
other endpoints in the analysis. There was no adverse
effect on lipids, catecholamines, or renal function in
adults with less sodium intake. High dietary sodium
intake caused higher blood pressure in children.* These
findings resulted in a renewed WHO recommendation
for dietary sodium to be <2000 mg/d in adults and to
even less in children based on their relatively lower
caloric requirements. The American Heart Association
also recently updated its comprehensive review of the
literature reiterating its recommendation for dietary
sodium to be less than 1500 mg/d.3

Biomedical, evolutionary, and aspects of epidemio-
logic and clinical research were not included in the
WHO review but also strongly support harmful effects
of “higher than physiological levels” of dietary
sodium.2–12 A wide variety of animal species exposed
to higher than physiological levels of dietary sodium
develop hypertension, vascular, cardiac, and renal
adverse outcomes.4,13 To our knowledge, barring set-
tings of acute sodium depletion, there is no animal
species in which higher than physiological sodium
intake improves health, and, in all settings, sodium-
induced hypertension is harmful. Increased dietary
sodium is a procarcinogen in animal studies (gastric
cancer) and is associated with gastric cancer in human

studies,14,15 particularly in association with Helicobact-
er pylori infection. Adult human physiological sodium
needs are <1000 mg based on analyses in “hunter
gather” populations or analyses of “primitive”
diets.16,17 Societies where sodium intakes remain
<1000 mg have no increase in blood pressure with age
and hypertension is uncommon.4 If people from the
hunter-gather societies who consume physiological lev-
els of dietary sodium migrate to communities where
there is high sodium intake or if sodium is introduced
into their society’s food supply, blood pressure increases
and vascular diseases develop.4,18 Reducing dietary
sodium in communities or populations has been asso-
ciated with reduced blood pressure and vascular events.4

In clinical trials, lowering dietary sodium reduces blood
pressure,4 and there is no evidence for less of an impact
of reduced dietary sodium on blood pressure at the
lowest levels of sodium intake tested (1200 mg sodium).
It is estimated that there are up to 3.1 million sodium-
related deaths per year and that reducing dietary sodium
is one of the most effective (and cost-effective) inter-
ventions to improve health.19

CONTROVERSY
Two reviews have recently generated controversy. A
review by Yusuf and colleagues proclaims that “there is
no convincing evidence that moderate intake of sodium
(3–5 g/d**) is associated with increased risk of cardio-
vascular disease compared with lower levels of sodium
consumption.”20 However, there are several issues
regarding the conclusions reported. The methodology
employed in the Yusuf review is similar to many of the
previous critiques of attempts to reduce dietary sodium
towards physiological levels in (1) not being a system-
atic review (there is not even a pretense of being
comprehensive), (2) selectively highlighting inconsistent
studies rather than totality of evidence, (3) dismissing or
ignoring substantive science that indicates harm from
increased dietary sodium, (4) citing research findings
that find sodium reduction harmful as facts while not
disclosing the study’s major design and methodological
flaws as likely explanations, and (5) not clearly indicat-
ing how divergent their opinion is but rather implying
they are clarifying scientific understanding.21 Thus, this
review may be affected by bias in selection and only

*The terms ‘high’ and ‘low’ dietary sodium are relative terms
without accepted definition. The World Health Organization
recommends diets contain less than 2000 mg of sodium while diets
comprised of foods without added salt are likely to contain less
than 1000 mg of sodium.
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focuses on selected studies rather than the full body of
evidence.

The 2013 report from the Institute of Medicine (IOM)
also claimed that the evidence supporting dietary sodium
intake <2300 mg was “inconclusive,”22 but the IOM did
not dispute the evidence for reducing sodium to this level.
The IOM review was conducted largely by epidemiolo-
gists and several aspects of their review are flawed. The
perspective that adding sodium to food has the potential
to harm the public does not seem to have been the prime
consideration. The main consideration was to assess
whether interventions to reduce dietary sodium directly
reduce cardiovascular disease. The review focused on
recent controlled trials and cohort studies on sodium
intake <2300 mg/d and on sodium reduction in the
settings of disease. Although (1) hypertension is the most
expensive cardiovascular disease category in the United
States, (2) impacts 30% of the adult population, (3) there
is a causal relationship between blood pressure and
cardiovascular disease to the extent hypertension is the
leading global risk for death and disability, and (4) 30%
of hypertension is caused by increased dietary sodium, the
IOM committee did not consider sodium-induced hyper-
tension to be an outcome on which to base recommen-
dations.23,24 Furthermore many of the invited experts
presenting at the public program of the IOM had in the
past made public statements against lowering dietary
sodium and or disclosed financial interests.22

The IOM committee examined cohort studies qual-
itatively and noted many had substantive methodolog-
ical flaws. For example, nearly all the studies that did
not find a benefit of sodium intake <2300 mg/d
controlled for blood pressure and hence were not
designed to assess sodium outcomes related to blood
pressure. The controversial publication by Stolarz-
Skrzypek and colleagues represents an example of
where it was concluded that high salt intake did not
cause cardiovascular disease, even though blood pres-
sure was controlled.25 Some of the studies that did not
find benefits of lower sodium intake used estimates of
sodium intake that were frail and one even retrospec-
tively assessed random spot urine sodium in trials where
about 30% of participants were prescribed diuretic
therapy. A series of 4 studies, representing a significant
proportion of the research, were conducted by a single
research group, all finding that high dietary sodium was
associated with reduced disease. In addition, the senior
investigator on that research team was a consultant with
the Salt Institute. Two of the same databases were
examined by other investigators and the repeat analyses
found harm from increased sodium intake (albeit only in
obese patients in one analysis).26–30 The refuted studies
were still considered by the IOM (as were the refuting
studies) without comment. The meta-analysis of cohort
studies in healthy populations conducted by WHO does
not seem to have been considered, or the updated
Cochrane analysis.31,32

Many of the cohort studies considered by the IOM
were conducted in patients with substantive disease

where people ingesting lower sodium were likely to be
much sicker and sick people do not eat leading to a
reduced sodium intake, ie, reverse causality. Perhaps
most notable were a series of unusual but large
randomized controlled trials conducted in patients with
heart failure. Those with heart failure were treated with
large, fixed doses of furosemide 500 to 1000 mg/d as
well as spironolactone and drugs designed to block the
renin-angiotensin system. Even though they had features
of salt and water depletion, they were then randomized
to lower dietary sodium and water intake and found to
have worse outcomes. That it is possible to harm
patients with heart failure who are sodium and volume
depleted by very high doses of furosemide (or any other
mechanism) and then restricting sodium and water is
not surprising. It is surprising that such trial evidence is
considered when clinical recommendations are to indi-
vidualize use of diuretics and to use diuretics only to
reduce clinical evidence of excess fluid.33 However, a
meta-analysis of these studies has now been withdrawn
due to obvious discrepancies in some of the results and
therefore these heart failure trial results can no longer be
considered until reanalysis of original data by an
independent committee is published.

LIKELY MECHANISMS CONTRIBUTING TO
CONTROVERSY

Low-Quality Science
Low-quality and poorly designed research on dietary
sodium has become common and is a major source of
controversy. Such studies are those (1) in patients with
diseases with a high probability of reverse causality (in
cohort studies, patients with more severe disease are
likely to have worse outcomes but also likely to eat less
sodium), (2) with flimsy assessment of sodium intake in
settings where multiple days of carefully performed 24-
hour urine sodium assessments (or in some specific
circumstances dietary assessment) are needed to reliably
define an individual’s sodium intake, (3) that control for
blood pressure (the major mechanism for sodium
causing harm), (4) that do not adequately control for
other substantive confounding factors, and (5) that
disregard confounding pharmacologic agents (diuretics
and antihypertensive drugs). Another potential marker
of a low-quality study is when the author’s discussion
cites only evidence that supports the manuscript’s
findings without the context of the overall literature
and its interpretation.

There is a need for developing and setting standards
for clinical research on dietary sodium. Such standards
could be used by researchers in designing studies,
funding bodies in assessing proposals, journal reviewers,
and editorial bodies in selecting articles to publish.
Setting standards have been successfully utilized in the
past to improve designs for conducting clinical trials and
systematic reviews but have not been disease-specific.
WHO or major international scientific organizations
could develop such standards. Notably, the Pan Amer-
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ican Health Organization (of WHO) Technical Advi-
sory Group on dietary salt reduction has proposed to
develop such standards.

Context of the Review
Humans evolved on <1000 mg of sodium per day.
There is an estimated 3.1 million deaths per year
attributed to the widespread addition of sodium to food
(making sodium additives to food one of the most lethal
and disabling interventions of industrialization) and
little evidence to select a safe threshold of adding
sodium to food. Requiring incontrovertible proof of
benefit to reduce dietary sodium to a given level is a
food industry commercial perspective on a major public
health issue. Establishing a safe level (if there is one) for
the addition of sodium to food is the public health
question at issue. Indeed, if incontrovertible proof for
other aspects of nutrition is required, no public health
policy on nutrition would be advocated, eg, no action
on obesity, fruit and vegetable consumption, trans fats,
saturated fat, and sugar consumption.

The IOM, even with their limited scope, should have
estimated the numbers of Americans with hypertension
related to sodium intake >2300 mg/d vs <2300 mg/d and
the direct costs. Given the public health context and
causing hypertension in a large number of people, the
IOM would likely have concluded (as have all other
scientific review bodies, including the 2013WHO report)
that reducing dietary salt to <2300 mg/d is one of the
more important health interventions to improve health.

Selective Review of Sodium Evidence and Use of
Experts With Select Expertise
Another factor likely generating controversy is the
examination of select research without the context that
is known about dietary sodium or the context of public
health research on food (where sodium has been more
extensively and thoroughly studied than other nutri-
ents). Performing limited reviews of the evidence, by
those with great expertise in narrow areas of research
with select perspectives on what constitutes acceptable
evidence, does not seem to be a reasonable mechanism
to address a major societal public health issue. The IOM
review focused on limited evidence (cohort studies and
randomized controlled trials published after 2003 with
limited outcomes [mostly cardiovascular]). Given the
importance, with the millions of lives and billions of
dollars at stake, only comprehensive reviews of all the
evidence by committees with broad expertise, conducted
under the auspices of highly regarded institutions,
should be considered relevant.

CONFLICTS OF INTERESTS
Another major factor that has likely generated contro-
versy is financial conflicts of interest. The food and salt
industry has been active in promoting commercial
interpretations of the evidence. Salt Institute consultants
and staff regularly provide commentary and assist with
media releases that support a commercially beneficial

perspective sometimes without disclosure. Quite worry-
ing are instances where academics have received funding
or been consultants with the food industry but not
disclosed, or even in some settings denied, these asso-
ciations.

The food/salt sector has (1) sponsored reviews of the
sodium evidence, which counter those of the health and
scientific community, and were published in an aca-
demic journal without disclosure of commercial inter-
ests and continue to be disseminated free of charge34

(International Life Sciences Institute Web site accessed
June 19, 2013), (2) continued to invite dissident
scientists to present at sponsored symposia, (3) devel-
oped educational material on the health benefits of
sodium for schools, and (4) even promoted that sodium
intake is associated with greater intelligence and lon-
gevity (http://www.bmj.com/content/344/bmj.e2769/rr/
582338). Newspapers and even scientific journals
require readerships to be commercially viable and seem
to promote controversy around dietary sodium. The
commercial sector and those with commercial interest
should have a very limited and defined role in conduct-
ing and interpreting pivotal health research and an even
lesser role in the policy development stage. Further,
governments could and should hold and allow the
public to hold industry and their consultants account-
able for health costs, death, and disability.

CONCLUSIONS
The more comprehensive and systematic the review,
the more credible the review institution and reviewers,
the less commercial influence in the review, and the
better the science the less controversial the efforts to
normalize sodium ingestion are. Much controversy is
generated by limited or low-quality reviews, science, are
commercial interests. Efforts to address these issues are
needed to guide efforts to improve the health and well-
being of our populations. Reducing dietary sodium by
30% is one of the agreed targets approved by the United
Nations and the World Health Assembly, and reducing
dietary salt to <2000 mg/d is one of a few recommended
best buys to reduce noncommunicable diseases by
WHO. There is an urgent need for coordinated actions
by governments, industry, academia, and civil society to
reduce dietary salt to maintain health and well-being.
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