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Abstract The 2013 Institute of Medicine (IOM) report “So-
dium Intake in Populations: Assessment of Evidence” did not
support the current recommendations of the IOM and the
American Heart Association (AHA) to reduce daily dietary
sodium intake to below 2300 mg. The report concluded that
the population-based health outcome evidence was not suffi-
cient to define a safe upper intake level for sodium. Recent
studies have extended this conclusion to show that a sodium
intake below 2300 mg/day is associated with increased mor-
tality. In spite of this increasing body of evidence, the AHA,
Centers for Disease Control (CDC), other public health advi-
sory bodies, and major medical journals have continued to
support the current policy of reducing dietary sodium.
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Introduction

The upper level for daily dietary sodium intake of 2300 mg,
recommended by the Institute of Medicine (IOM) in 2005,
implies that 95 % of the world’s inhabitants eat too much salt
[1]. This recommendation is inconsistent with the IOM’s own
definition of an adequate intake of a nutrient, which is “the
approximate intake found in apparently healthy populations”
[2]. The 2013 IOM “Report on Sodium Intake in Populations”

does not support the earlier position of the IOM on sodium
reduction [3]. The 2013 IOM report was based on studies that
directly linked estimated sodium intake to morbidity and
mortality and concluded that the population-based health out-
come evidence was not sufficient to define an upper intake
level for sodium. The change in position provoked the spon-
sor, the Centers for Disease Control (CDC), to dissociate itself
from the report [4], as did the American Heart Association
(AHA) [5], which on a previous occasion had restated its
position supporting aggressive dietary sodium reduction as a
public health measure [6]. While new studies published in
2014 [7–9] reinforce the conclusions of the IOM report, the
CDC, AHA, and other institutions continue to support the
present policy on dietary sodium [4–6].

The Blood Pressure Link Between Sodium Intake
and Mortality

The CDC emphasizes “Of important note, the IOM committee
did not include blood pressure in its review of potential health
outcomes, although blood pressure is recognized and used as a
key health outcome in much of the literature on sodium
interventions” [4]. However, meta-analyses have shown that
sodium reduction has a small effect on blood pressure in
normotensive individuals [10, 11]. Specifically, a large meta-
analysis including 83 references [10], updated to 96 references
in 2003 as a Cochrane review and to 167 references in 2011
[11], showed a small blood pressure effect of about 1.2/
0.3 mmHg in normotensives but a much more significant
adverse effect on hormones and lipids. Further, reductions in
blood pressure cannot necessarily be translated into beneficial
effects on mortality, as illustrated by the observation that beta-
blockers reduce blood pressure but not mortality [12]. The few
randomized studies that directly compared health outcomes
between lower sodium and normal sodium intake groups were
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performed in overweight or obese persons with hypertension
or prehypertension, a group that would be expected to be more
salt sensitive than the general population. These studies
showed a statistically nonsignificant trend towards a reduction
in cardiovascular events in the low-sodium group but no
reduction in mortality [13].

The large, Prospective Urban Rural Epidemiology (PURE)
study enrolled more than 100,000 participants worldwide and
assessed the relationship between estimated sodium intake
(from second-voided morning urine specimens) and both
blood pressure and cardiovascular disease outcomes. PURE
demonstrated a complex relationship between estimated sodi-
um intake, blood pressure, and mortality, such that at the low
end, sodium intake was inversely associated with mortality
and loosely associated with blood pressure, while at the high
end, sodium intake was directly associated with both blood
pressure andmortality [9, 14]. One explanation for the adverse
effects of low-sodium diets is activation of counterregulatory
systems such as the renin-angiotensin-aldosterone system and
sympathetic nervous system that damage the heart and vascu-
lature and lead to cardiovascular events [10, 15]. In this
context, the conclusions of modeling studies, which
translate exaggerated blood pressure effects obtained in
prehypertensive and hypertensive study populations into
saved lives in the general population without measurements
directly linking sodium intake with outcomes and without
considering adverse effects of sodium reduction, are question-
able [16, 17].

Sodium Intake and Mortality: Direct Observations

Since no randomized trial has examined the effect of dietary
sodium reduction below 2300 mg on mortality, this association
can only be estimated on the basis of observational cohort
studies. In the period 1985–2012, 25 such studies were per-
formed. These were included in a recent meta-analysis [8]. Two
of these studies [18, 19] showed a U-shaped association be-
tween sodium intake and mortality, which was confirmed in a
subsequent meta-analysis of all 25 studies [8]. The recently
published Norfolk and PURE studies [7, 9] have provided
further confirmation of the U-shaped relationship between so-
dium intake and cardiovascular morbidity and mortality. Popu-
lation studies of the sodium intake-mortality relationship have
been criticized by representatives of the AHA and CDC [4–6]
on grounds that they were flawed due to imprecise sodium
measurements and confounders such as preexisting illnesses
which could explain the inverse association of sodium intake
withmortality because of reverse causality. However, imprecise
sodium measurements would tend to dilute, not strengthen, the
association between sodium intake and mortality, and most of
the observational studies did adjust for multiple confounders. In
fact, the PURE study showed that the risk of mortality in the

low-sodium populations increased by 60 % when participants
with preexisting illnesses were eliminated from the analysis [9],
indicating that low-sodium intake is a distinct risk factor which
can be weakened by confounders and not, as suggested by
CDC and AHA, created by confounders. The risk of reverse
causation due to residual confounding or unknown confound-
ing can never be eliminated, but does not appear to play a major
role in the PURE study.

Sodium Reduction Publication Policy

Many of the studies supporting sodium reduction as public
health policy were designed in a way that overestimates the
beneficial effects of the intervention on blood pressure. For
instance, the blood pressure studies sponsored by the National
Heart, Lung, and Blood Institute (NHLBI) and CDC [20–23]
enrolled only overweight and borderline hypertensive or hyper-
tensive persons, who would be expected to have exaggerated
blood pressure responses to dietary sodium reduction compared
to normotensive individuals. Further, in a meta-analysis
supporting sodium reduction [24], 9 of 12 “normotensive”
studies included prehypertensive participants with a blood pres-
sure significantly higher than the mean blood pressure of adult
Americans (119/71 mmHg) [25]. Thus, the results of these
studies do not support a strategy of sodium reduction for the
general population. Other studies supporting sodium reduction
are repeat analyses of previously reported studies with revised
inclusion criteria and confounders, but with addition of very
little new data [24, 26–29]. Although none of the re-analyses
demonstrated beneficial health effects of sodium reduction
below 2300 mg in the general population, they are all used to
support an upper level for sodium intake of 2300 mg. These re-
analyses were possible because the data from the original
studies appropriately were available. In contrast, attempts to
re-analyze the DASH-sodium study [22] had to be abandoned
because the authors did not wish to publish the raw data and
even went through a litigation to avoid this [30]. Likewise, the
authors of the recent Nutricode study that presented a linear
association between the amount of sodium reduction and the
blood pressure-lowering effect [17] did not respond to a request
to publish individual study data [31], although this is common
practice in meta-analyses.

Conclusion

There are no randomized trials to show that the minor reduc-
tion in blood pressure secondary to sodium reduction can be
translated into reduced mortality or to show that a reduction of
sodium intake to levels below 2300 mg has beneficial health
effects. Dubious modeling studies do not change that fact. As
concluded in the 2013 IOM report, observational studies
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associating sodium intake with mortality are not sufficient to
show beneficial health outcomes of a low-sodium intake. On
the contrary, there is growing evidence from recent observa-
tional studies and a meta-analysis that a low-sodium diet in
accordance with the national recommendations is associated
with increased mortality, as is a high-sodium diet with sodium
intake above 5–6000 mg. Thus, intake of sodium, just like
every other essential nutrient, bears a “J”- or “U”-shaped rela-
tion to health outcomes with an optimal range approximating
2500–5000 mg/day. In spite of this, public institutions continue
to promote sodium reduction and several major medical
journals apparently support this questionable policy by publish-
ing repeat analyses of previous reports which refocus the find-
ings of the original studies without adding important new data,
clinical studies which exaggerate blood pressure effects, and
modeling studies, which are based on dubious premises.
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