
ABSTRACT The dietary guidelines established under the
auspices of public health policy are intended to promote healthy
diets in the general public. The current recommendations for
sodium intake stem from studies and publications that are older
than much of the public they are designed to benefit. The past
2 decades have seen a dramatic increase in our knowledge of
nutritional science, particularly our understanding of the role of
sodium in blood pressure regulation. With a myriad of data from
observational studies and randomized, controlled trials, we have
the information to finally put sodium into its correct context in
terms of its role in the regulation of blood pressure and hyper-
tension. Not the sole and pervasive dietary villain it was once
believed to be, sodium is but one factor in the complex interplay
of multiple, inextricably related regulatory systems of which
hypertension is the end result. With the data now available con-
cerning dietary sodium, including the minimal and specific
blood pressure effects of sodium in normotensive adults and both
the benefits and risks of sodium reduction, future public health
recommendations can be based on carefully acquired, consistent,
and rational science. Am J Clin Nutr2000;71:1013–9.
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INTRODUCTION

The long-held premise that salt is the dietary villain in the
pathogenesis of hypertension has governed nonpharmacologic
treatment of high blood pressure for decades. Despite its
entrenchment in medical philosophy, this hypothesis has never
been fully supported by either the researchers or the data in this
area of investigation (1–8). The early 1980s brought an initial
wave of published challenges to the purported sodium–blood
pressure connection (3–7) that raised questions that, at the time,
could not be answered fully. In recent years, however, the hold of
the salt–blood pressure hypothesis has been severely weakened
by a large volume of new information that has shown, with
increasing clarity, that although dietary salt does play a role, it is
certainly not the archenemy of normal blood pressure regulation.

The current dietary guideline for salt intake is based on a doc-
ument that was published 20 y ago (9). The conclusions in that
report were based on data acquired as many as 40 y before that.
Considering the dramatic progress that has been made in nutri-
tion research and science in just the past 5–10 y—including
advancements in methodology and a broad expansion of knowl-
edge regarding specific nutrients and their effects on disease

states—it is obvious that any dietary guideline should be based
on the most current and comprehensive information available.
Here, we examine the historical justification for the current
guideline, review the abundant contemporary data that disprove
the commonly held salt–blood pressure hypothesis, and elucidate
the need to incorporate verity into public health policy.

HISTORICAL PERSPECTIVE

Although sodium was alleged to be a possible factor in the
pathogenesis of cardiovascular disease >100 y ago (2), it was in the
1930s and 1940s that observations suggesting a pathogenetic and
therapeutic rationale for such a role were reported. Publications
from investigators at the Cleveland Clinic (10) and at Duke Uni-
versity (11) indicating an effect of sodium on blood pressure were
predicated on experiments in impaired renal function. The work of
Grollman et al (10) showed that if renal mass and blood flow were
reduced in experimental animals, blood pressure increased pre-
dictably. Kempner (11) at Duke University reported that the malig-
nant hypertension associated with renal insufficiency or failure
could be greatly attenuated by an extremely-low-sodium diet.

This work prompted laboratory investigations such as those of
Tobian and Binion (12) in the early 1950s, in which it was
observed that the sodium content of blood vessels correlated with
arterial pressure. Laboratories worldwide attempted to reproduce
hypertension related to salt intake, but found that only an extreme
manipulation of vertebrate physiology and nutrition would pre-
dictably produce elevated arterial pressure. In all of these inves-
tigative efforts, sodium chloride intakes were increased to
amounts 10–20 times greater than those recommended for
rodents, renal (excretory) mass was reduced to less than half, and
mineralocorticoid hormones were administered in pharmacologic
doses (13). Although these laboratory conditions do not reflect
the circumstances extant in the human population, the reported
effect of sodium on blood pressure in animal studies accom-
plished by dramatic physiologic manipulations was generally
accepted and presumed to carry over to human blood pressure.

Dahl et al’s (14) description of a genetically salt-sensitive rat in
the early 1960s provided an acceptable alternative model that did not
require surgical reduction in renal mass or administration of mineral-

Am J Clin Nutr2000;71:1013–9. Printed in USA. © 2000 American Society for Clinical Nutrition

The dietary guideline for sodium: should we shake it up? Yes!1,2

David A McCarron

1013

1From the Divisions of Nephrology, Hypertension, and Clinical Pharmacol-
ogy, the Department of Medicine, Oregon Health Sciences University, Portland.

2Reprints not available. Address correspondence to M Reusser, 1008 West
66th Terrace, Kansas City, MO 64113. E-mail: mreusser@compuserve.com.

Perspective
See corresponding Perspective on page 1020.

 by guest on June 6, 2016
ajcn.nutrition.org

D
ow

nloaded from
 

http://ajcn.nutrition.org/


ocorticoid hormones to produce salt-induced elevations in blood pres-
sure. Often overlooked was the fact that the model still required the
ingestion of sodium chloride in amounts 10–20 times higher
than those recommended for rats. Again, this should have raised the
question of the model’s relevance to the human condition, but that
did not occur. Dahl (15), however, recognized the importance of
showing the existence of a dose-dependent effect of dietary sodium
on blood pressure. He set out to show this effect over the assumed
wide range of sodium chloride intakes worldwide in his now famous
graph (Figure 1), which has been reproduced in numerous review
articles and textbooks. However, there is no published information
regarding the method used to acquire the data underlying its con-
struction. It was not until more than 2 decades later that actual pat-
terns of worldwide dietary sodium consumption were determined by
carefully executed studies, such as Intersalt (16). The results from
these studies do not agree with those in Dahl’s graph.

In the late 1960s and early 1970s, investigators executed the
first human studies of the effect of sodium restriction on blood
pressure (17). Unfortunately, virtually all the results of these ini-
tial attempts to characterize the effect on blood pressure of
reduced salt intakes were seriously flawed by design errors; most
were uncontrolled, were not randomized, or used subjects who
were taking blood pressure medication, and none studied individ-
uals with normal blood pressures (18–20). It was not until the late
1970s that Luft et al (21, 22) initiated their landmark metabolic
studies of the hemodynamic and hormonal effect of short-term
manipulations of sodium chloride intake over the physiologic
range in both normotensive and hypertensive subjects. However,
publication of these findings followed the release of the 1979
Surgeon General’s report (9), which, on the basis of earlier pre-
sumptions, labeled salt as a clear cause of high blood pressure;
national health policy regarding salt intake was therefore set.

RUSH TO JUDGMENT

At the time of this rush to judgment, the only information
regarding the role of salt in blood pressure control that was sup-
ported by valid scientific data was as follows:

1) Excessive sodium intake produced blood pressure increases
under extreme conditions.

2) In patients with renal disease, blood pressure decreased with
severe sodium restriction.

3) Animal studies suggested a possible genetic link.

Because these few facts fit the expected association between
sodium and blood pressure based on presumed relations between
sodium, fluid volume, and blood pressure, they were summarily
accepted—without critical assessment—as the foundation of pub-
lic health policy regarding dietary management of hypertension.

The critical information that was not known about the influ-
ence of sodium intake on blood pressure, when government
guidelines regarding it were being established, included a vast
number of issues that bear far more heavily on the relevance and
rationality of national dietary recommendations for hypertension
management than do the few pieces of information noted above.
The missing data included 1) carefully executed observational
studies of the relation of salt intake to arterial pressure in
humans and the prevalence of hypertension across populations;
2) well-designed, randomized, controlled trials of the effects of
sodium reduction on blood pressure in nonhypertensive and
hypertensive humans; 3) prospective assessments of the relation
between salt intake and cardiovascular mortality; and 4) infor-
mation about nutrient interactions and the effects of dietary pat-
terns, rather than of single nutrients, on blood pressure.

Lacking this information, numerous myths have grown up
around the sodium–blood pressure hypothesis. Among these are
the assumptions that sodium intake has increased dramatically
over the past century, that humans consume far more sodium
than they require, that the benefits of salt reduction observed
under extreme conditions in early studies can be extrapolated to
normal populations, that the results of animal studies can be
applied directly to humans, and that effects of reduced dietary
sodium would be uniform across populations. It was presumed
that the high prevalence of hypertension in African Americans
was attributable to high sodium intakes and that the blood pres-
sure–lowering effect of diuretics in hypertensive persons was
due to medication-induced increases in sodium excretion. At an
individual level, it was assumed that modifying sodium intake
would not affect the intakes of other nutrients, that nutrient
interactions were not related to blood pressure regulation, that
lower salt consumption would benefit every person, and that
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FIGURE 1. Published by Dahl to “prove” the linear relation between sodium intake and blood pressure across populations (15). Despite the lack
of any published data to support the depiction, this graph has long been the cornerstone of the sodium–blood pressure myth. Reprinted with permis-
sion from Springer-Verlag.

 by guest on June 6, 2016
ajcn.nutrition.org

D
ow

nloaded from
 

http://ajcn.nutrition.org/


reduction of sodium intake could be easily accomplished and
maintained.

Without evidence to support or refute these broad assumptions,
they became commonly accepted beliefs for many people and
“frantic orthodoxy” for others. The dynamic surrounding the prop-
agation of these myths might be explained by the phrase attributed
to Reinhold Niebuhr that frantic orthodoxy is never rooted in faith
but in doubt; those who are not sure are doubly sure. Considering
the battle that has long raged around this hypothesis, despite the
deluge of data it has spawned over the past 50 y, it would seem that
it is not science that is motivating the controversy but rather the
entrenched opinions of the scientists who are involved in it (1).

DISMANTLING THE MYTHS

A thorough review of the medical literature since the early
1980s indicates several important aspects of the dietary salt–
hypertension paradigm that challenge many of the myths that
had become dogma for the medical community and the public
alike. The essence of the transition in the science on this topic in
the past 20 y is the acquisition of extensive data in humans,
which has elucidated several aspects of the relation between
sodium chloride intake and hypertension that had not been
addressed at the time public policy was first set.

Sodium sensitivity

The disparate results of sodium trials have contributed greatly
to the lack of consensus within the scientific community regard-
ing the effect of sodium intake on blood pressure regulation. One
consistent feature of the results of these studies has been their
heterogeneity, with individual blood pressures varying widely in
response to the dietary intervention. With higher or lower
sodium intakes, blood pressures were reported to decrease,
increase, and remain stable in participants within the same stud-
ies (13, 23, 24). This is clearly shown in the results of a study by
Overlack et al (25), who investigated this heterogeneity. They
found that <18% of 163 participants with a high salt intake had
blood pressure increases >5 mm Hg, whereas <15% had blood
pressure decreases >5 mm Hg, with changes of <5 mm Hg in
66% of participants.

An individual’s blood pressure response to changes in sodium
intake is determined by whether or not she or he is salt sensitive.
Those whose blood pressure changes in response to altered sodium
intake are considered salt sensitive, whereas those in whom
changes in sodium intake do not elicit a blood pressure response
are considered salt resistant. The concept of salt-sensitivity was

initially put forth in the late 1970s (26) and has become the sub-
ject of widespread investigation in recent years (23, 27).
Salt-sensitivity has now been shown to be a reproducible phe-
nomenon (24), but as yet there is not a specific definition of what
constitutes a salt-sensitive response or an accepted means of pre-
determining this condition.

Population studies

The National Heart, Lung, and Blood Institute (NHLBI)-
funded Intersalt trial (16), initiated in 1984, was designed to
finally answer the questions surrounding Dahl’s unproved pos-
tulates of 20 y earlier (14, 15) and to provide reliable data
regarding sodium intakes and blood pressures between and
within cultures. Intersalt used standardized methods for collec-
tion and analysis of 24-h urine samples and random-zero blood
pressure measurements. More than 10 000 subjects participated
in the study, recruited at 52 centers in 32 countries worldwide.
Sodium excretion ranged from 0.2 to 242 mmol/d; however, in
48 of the centers, the range was only 100–242 mmol/d. Sodium
excretion was related to blood pressure in individuals, but the
relation was not robust. When data from the 4 centers with the
lowest intakes were deleted, no relation could be identified.
Assessment of the slope of blood pressure with age within the
centers identified a relation between that variable and median
sodium excretion. As stated by the authors of the original Inter-
salt publication: “Across the other 48 centres sodium was… not
[significantly related] to median blood pressure or prevalence
of high blood pressure” (16). Thus, the alleged close relation
between salt intake and blood pressure, as hypothesized by
Dahl, could not be shown.

Meta-analyses

In the past decade, several investigative groups, using the
advanced tools of summary statistical analysis, reported meta-
analyses of sufficient numbers of randomized, controlled trials
of sodium restriction in both hypertensive and normotensive sub-
jects to precisely establish the blood pressure effect of moderate
sodium restriction (28–31). Although the interpretation of the
meta-analysis findings by the 3 investigative groups differed, as
shown in Table 1, the numbers (ie, magnitude of blood pressure
reduction) did not. On average, systolic blood pressure in nor-
motensive populations was lowered by <1 mm Hg when salt intake
was reduced from 30% to 50%, depending on the trial. These
results do not come even close to the perceived effect that has
long been postulated by the advocates of sodium restriction and
are an inadequate defense of the extensive efforts of government
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TABLE 1
Summary of blood pressure changes observed in meta-analyses of randomized, controlled trials of sodium restriction

Blood pressure changes

Number of participants Hypertensive participants Normotensive participants

Hypertensive Normotensive Systolic Diastolic Systolic Diastolic

mm Hg

Cutler et al (28) 873 760 24.9 (±1.3)1 22.6 (±0.8) 21.7 (±1.0) 21.0 (±0.7)
Midgley et al (29) 1131 2374 23.7 (2.35, 5.05) 20.9 (20.13, 1.85) 21.0 (0.51, 1.56) 20.1 (20.32, 0.51)
Cutler et al (30) 1043 1689 24.8 (±1.04) 22.5 (±0.68) 21.9 (±0.72) 21.1 (±0.48)
Graudal et al (31) 2161 2581 23.9 (3.0, 4.8) 21.9 (1.3, 2.5) 21.2 (0.6, 1.8) 20.26 (20.3, 0.9)

1x–; 95% CI in parentheses.
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health organizations to influence public health policy recom-
mendations for population-wide sodium restriction.

Cardiovascular disease outcomes

Accepting the results of well-designed and -executed epi-
demiologic and clinical studies is critical to determining the
appropriateness of a public health initiative; of at least equal
importance, with regard to setting policy, is definitive proof of
the benefit of sodium reduction for reduced cardiovascular dis-
ease mortality. It is this evidence that is most essential to the
decision to establish dietary recommendations for the general
population regarding dietary salt intake—it is obviously not in
society’s best interest to expend resources on a public health ini-
tiative that is not going to reduce premature morbidity and mor-
tality. In recent years, an increasing number of reports of adverse
effects of restricted sodium intake have been published (31–37).
Notably, drawing on 2 federally funded databases, Alderman et
al (36, 37) reported that in stark contrast with perceived wisdom,
reduced sodium intake is associated with increased fatal and
nonfatal cardiovascular events (Figure 2).

These 2 reports prompted immediate and harsh criticism from
the supporters of sodium restriction, who turned to other data-
bases to discredit the findings (38). At the 1997 annual meeting
of the American Society of Hypertension, Cutler presented an
analysis of the Multiple Risk Factor Intervention Trial (MRFIT)
follow-up data (Cutler JA, unpublished observations, May 1997).
Before adjustment for confounders, these data showed the same
disturbing trends as those identified by Alderman et al; with
adjustment, no adverse cardiovascular effects were observed. Of
equal or perhaps greater importance to public policy, Cutler could
identify no benefit of sodium restriction in terms of reduced car-
diovascular morbidity or mortality. Since then, the Scottish Heart
Health Study (39), a Finnish report presented at the 1998
American Heart Association (AHA) annual meeting (40), and an
analysis of the second National Health and Nutrition Examination
Survey (NHANES) follow-up data presented in January 1999 at
the NHLBI Workshop on Sodium and Blood Pressure (Cohen J,
unpublished observations, January 1999) have all reported no
identifiable benefit of lower-sodium diets on cardiovascular mor-
tality. Thus, although questions of the safety of low-sodium diets

may be unresolved, there are now ≥6 studies, involving tens of
thousands of high-risk individuals followed for many years, that
failed to show any long-term cardiovascular benefit of a lower-
sodium diet. Given these consistent findings from well-designed
observational studies, the likelihood seems bleak that a policy of
population-wide reduction in sodium chloride intake will have
any meaningful benefit in terms of reducing cardiovascular end-
points for healthy individuals.

Nutrient interactions

Another area of data that has emerged in the past 2 decades is
information on nutrient interactions and the effect on blood pres-
sure of the overall diet rather than single nutrients. Had these
data been available previously, they would likely have shaped a
very different federal policy on diet and hypertension. We now
have evidence of the major role of nutrient interactions in the
prevention and treatment of high blood pressure. Kotchen et al
(41) first reported that the hypertensive effect of sodium chloride
in Dahl salt-sensitive rats is preceded by the emergence of dis-
turbances in calcium homeostasis. In humans, Kurtz and Morris
(42) postulated that the induction of calciuresis may indicate a
mechanism by which sodium chloride raises blood pressure. A
protective effect of potassium on blood pressure elevation is sug-
gested by the clinical data of Krishna et al (43), who observed
that severe, short-term potassium restriction induces salt sensi-
tivity in normotensive humans, and by the epidemiologic find-
ings of Khaw and Barrett-Connor (44), which indicate that ade-
quate potassium intake protects against adverse effects of
sodium chloride on blood pressure regulation.

In the index report that characterized the calciuresis of essen-
tial hypertension, this metabolic defect was reported to be more
evident at higher rates of urinary sodium excretion (45). Similar
observations have now been noted in both experimental (41, 46)
and human studies (47, 48). Hamet et al (49) reported that indi-
viduals consuming high amounts of sodium chloride could fall
into the highest or lowest blood pressure group depending on
whether they were consuming deficient or adequate amounts of
calcium. On the basis of their analysis of the NHANES I data-
base, McCarron et al (50) reported a weak inverse relation
between sodium intake and blood pressure that was later sup-
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FIGURE 2. Fitting a linear regression between quartiles of urinary sodium and proportions of myocardial events, Alderman et al (36) showed a
significant linear trend in these data from a prospective cohort study of men with hypertension. Reprinted with permission from Lippincott Williams
& Wilkins.
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ported by Gruchow et al (51), using the same database, who
reported that higher sodium chloride intake with adequate cal-
cium and potassium intakes was indeed related to lower blood
pressure. Collectively, these data concerning effects of physio-
logic interactions among electrolytes on blood pressure show that
these electrolytes do not function independently. Thus, it is
adequate consumption of all essential nutrients rather than modi-
fication of any single nutrient that should be the focus of popula-
tion-wide dietary recommendations for blood pressure reduction.

Dietary patterns

Although clues existed before 1980 that other nutrients or
dietary factors might be more important than the isolated nutri-
ent sodium, 2 articles published in Science in the early 1980s
(50, 52) raised the specific possibility that multiple dietary com-
ponents—such as dairy products and fruit and vegetables—had
much greater influence on an individual’s blood pressure than
did any single dietary component. Since then, numerous epi-
demiologic studies (53–55); randomized, controlled trials (56,57);
and laboratory studies (58) have verified the critical blood pres-
sure benefit of the calcium, potassium, magnesium, phosphorus,
and fiber that would be included in a diet containing adequate
amounts of dairy products and fruit and vegetables.

The definitive clinical trial in this area is the Dietary Approaches
to Stop Hypertension (DASH) study, the results of which were pub-
lished in the New England Journal of Medicinein 1997 (59). This
NHLBI-sponsored intervention trial assessed the effects of dietary
patterns rather than of single nutrients on blood pressure in at-risk
subjects. The DASH study tested the typical American diet—high
fat, low fiber, and low mineral—against 1) a diet rich in fruit and
vegetables, and 2) the fruit-and-vegetables diet combined with low-
fat dairy products (the DASH diet). Sodium intake and weight were
kept stable throughout the intervention.

With the DASH diet, systolic blood pressure was reduced by
5 mm Hg more and diastolic pressure by 3.0 mm Hg more than with
the control diet. Blood pressure reductions with the fruit-and-veg-
etables diet compared with the control diet were also highly signifi-
cant, but were only about half (2.8 mm Hg systolic and 1.1 mm Hg
diastolic) of those achieved with the DASH diet. In persons with
mild hypertension, the DASH diet reduced systolic blood pressure
by 11.4 mm Hg and diastolic blood pressure by 5.5 mm Hg. The
effect of this diet is 3–5 times greater than the best results reported
from any salt restriction study in mild-to-borderline hypertension.

With the results of the DASH study, we finally have clear and
strong evidence of where the emphasis of our nutrition policy should
be placed to improve the nation’s blood pressure profile—on cor-
recting the mineral deficiencies extant and worsening in the adult
population. Encouraging increased consumption of low-fat dairy
products and fruit and vegetables holds far greater potential for
improving society’s cardiovascular risk profile through improved
blood pressure control than does focusing on altering the intake of
any single nutrient. Of equal or perhaps greater importance is the fact
that such a strategy is consistent with other aspects of national nutri-
tion policy for reducing the risk of osteoporosis and cancer (60, 61).

SEEKING CONSENSUS

In January 1999, the NHLBI of the National Institutes of
Health (NIH) convened the NHLBI Workshop on Sodium and
Blood Pressure to discuss the most current data available in this
area of scientific research for the purpose of assessing the cur-

rent criteria by which public health recommendations regarding
sodium intake are established. The outcomes of these proceed-
ings have not yet been published, but several points gained gen-
eral agreement among many of the investigators in attendance.
These individuals included nationally and internationally recog-
nized scientists and physicians in the field of sodium and blood
pressure and officials representing the NIH, NHLBI, Food and
Drug Administration, US Department of Agriculture, and AHA.

The data presented at this symposium led the participants to
conclude that the following previously debated issues were now
resolved. It was agreed that sodium restriction is likely to be most
beneficial for older persons with established hypertension; that the
results of the randomized, controlled trials of sodium reduction
show only a minimal effect on blood pressure in the general pop-
ulation; and that only a minority of the US population is sensitive
to the hypertensive effects of sodium. Independent statistics
experts reported that the Intersalt analyses are inappropriate for
arguing that a reduction in salt intake would reduce the rate of
increase in blood pressure with age—the argument consistently
used by the advocates of sodium chloride restriction. Furthermore,
it was pointed out that mineral deficiency likely accounts for much
of the sensitivity to sodium, and that a nutrient-complete diet, ie,
the DASH diet, can produce far greater blood pressure improve-
ments than can be achieved with sodium restriction. Finally, it was
acknowledged that there may be adverse effects associated with
reduced sodium intake and that there is little evidence that lower-
ing sodium intake will improve cardiovascular outcomes.

PUBLIC HEALTH POLICY

By definition, public health policy is intended to promote the
health of the public. If such policy is to accomplish this goal, the
policy must meet criteria established to promote public health. A
public health policy recommendation can be justified only if the
answers to the following questions are all “yes”:

1) Will its implementation benefit most of the population?
2) Will the benefit be significant across the general population?
3) Is it the most effective means of achieving the stated goal?
4) Is it safe?
5) Will it reduce the incidence of cardiovascular disease endpoints?

When recommending specific sodium intakes to reduce blood
pressure or reduce the risk of developing hypertension, not one
of these questions can be answered with an unequivocal “yes.”
Therefore, we have the answer to the question posed by the title
of this paper: “should we shake up the dietary guideline for
sodium?” Unequivocally yes.
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