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Urinary Sodium and
Cardiovascular Disease Risk
Informing Guidelines for Sodium Consumption
Paul K. Whelton, MB, MD, MSc

ALMOST EVERY NATIONAL HEALTH AGENCY1-4 AND

professional society5 recommends a reduction
in dietary sodium intake as a means to lower
blood pressure (BP) and prevent cardiovascular

disease (CVD). For US adults in the general population,
goals for sodium intake have generally ranged from no
more than 1500 mg/d5 to no more than 2300 mg/d.2 In
the latter context, guidelines have typically suggested
sodium intake of no more than 1500 mg/d in black indi-
viduals, middle-aged and older persons, and individuals
with hypertension, diabetes mellitus, or chronic kidney
disease.2 In part because these groups constitute nearly
70% of US adults,6 the most recent Dietary Guidelines for
Americans recommended a sodium intake of no more
than 1500 mg/d for the general population.7 Most US
adults consume a diet that exceeds even the 2300-mg/d
goal, with an estimated sodium intake of nearly 5 g/d,
excluding table salt, in 30- to 39-year-old men.8

Evidence supporting sodium guideline recommenda-
tions comes from animal studies, knowledge of physi-
ologic requirements, scrutiny of isolated populations who
eat a natural diet, migration studies, observational analysis
in populations who consume processed foods, and random-
ized controlled trials. Although there is general agreement
that sodium reduction is appropriate for persons with hy-
pertension, there are some questions about applying this rec-
ommendation to the remainder of the population.9 Part of
the hesitation appears to be based on reports of metabolic
disturbance, inconsistency in the results of observational
studies, and a paucity of clinical trials that document the
efficacy of sodium reduction as a means to reduce CVD risk.
Evidence regarding metabolic disturbance is sparse, incon-
sistent, and of limited relevance in clinical practice. Most
observational studies have identified a positive association
between sodium intake and CVD risk, whereas some stud-
ies have failed to identify a significant relationship, and a
few others have shown an inverse association.7,8 One ex-

planation for this inconsistency is a J-shaped relationship
between sodium intake and CVD risk.10

The report by O’Donnell and colleagues11 in this issue of
JAMA provides the best evidence in support of the hypoth-
esis of a J-shaped relationship. In this observational study
of 2 cohorts included in the ONTARGET and TRANSCEND
trials, the authors assessed the relationship of urinary ex-
cretion of sodium and potassium (estimated from a single
urine sample obtained at baseline) with the composite clini-
cal outcome of CVD death, myocardial infarction, and hos-
pitalization for congestive heart failure (CHF) over a fol-
low-up of 56 months. Based on the composite outcome event
occurring in 4729 (16.4%) participants (including 2057 with
CVD death, 1412 with myocardial infarction, 1282 with
stroke, and 1213 with hospitalization for CHF), the au-
thors report that compared with a baseline estimated uri-
nary sodium excretion of 4 to 5.99 g/d, sodium excretion
greater than 7 g/d was associated with an increased risk of
all CV events, whereas a sodium excretion of less than 3 g/d
was associated with increased risk of CV mortality and hos-
pitalization for CHF. These findings are consistent with a
J-shaped relationship between sodium excretion and CVD
risk. Increased potassium excretion was associated with a
reduced risk of stroke.

Despite the strengths of this investigation (eg, large sample
size, long-term follow-up, careful ascertainment of out-
come events), it has, like other observational studies, meth-
odological limitations that may undermine the ability to ar-
rive at a valid, definitive conclusion. None of the observational
studies were designed to address the relationship between
daily sodium intake and CVD risk, and most are limited by
shortcomings in measurement of key variables, especially
sodium intake. Few had the advantage of 24-hour urine col-
lections, undermining the opportunity to recognize a rela-
tionship and its magnitude. Even among studies in which
an association has been identified, appropriate interpreta-
tion is challenging. Dietary sodium is interrelated with other
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food nutrients, decreasing the ability to determine the pri-
macy of sodium intake in the association. The relationship
between dietary intake and CVD outcome events is further
complicated in the context of a J-shaped relationship. For
instance, underlying illness may lead a patient to second-
ary changes in diet as a result of the disease or a desire to
improve health. This is a particular concern in high-risk co-
horts like the ones studied by O’Donnell et al.11 Regardless
of the level of sophistication of the analysis, the intrinsic
weakness of observational studies in this area limits the
strength of the inferences that can be drawn.

Randomized controlled trials have the greatest capacity
to enlighten guideline recommendations for sodium in-
take. More than 60 trials and 10 meta-analyses have re-
ported the effects of sodium reduction on blood pres-
sure.12-14 The trials have varied in quality, duration, and
intervention success. Some studies have failed to demon-
strate a treatment effect, but most have shown a relatively
consistent dose-dependent decrease in BP following the re-
duction in sodium intake, with the greatest BP declines ob-
served in those with the highest BP and the most success-
ful interventions.7,8

Salt-sensitive individuals and groups are especially re-
sponsive to sodium reduction, but it is difficult to identify
salt sensitivity in clinical practice. Four trials have re-
ported on the relationship between sodium reduction and
CVD events. The one trial specifically designed to address
this question was conducted in a high-risk group of 1981
Taiwanese veterans.15 The kitchens of their retirement homes
were randomly assigned to use regular salt or a potassium-
enriched salt with approximately 50% less sodium con-
tent. Participants in the low-sodium/high-potassium group
experienced a significant 41% reduction in CVD mortality,
an increase in life expectancy, and a reduction in inpatient
care costs. The other 3 trials were US-based behavioral in-
tervention studies primarily designed to assess the effect of
sodium reduction on BP. Two trials were conducted in nor-
motensive study participants enrolled in phases 1 and 2 of
the Trials of Hypertension Prevention (TOPH). The inter-
ventions were administered over 18 months (phase 1) or 3
to 4 years (phase 2) and the participants were followed up
for up to 15 (phase 1) or 10 years (phase 2) after cessation
of the intervention. In a pooled analysis of 3126 phase 1 and
phase 2 TOHP participants, those assigned to sodium re-
duction experienced a significant 25% to 30% reduction in
CVD events, with a similar pattern being noted in both trials.16

The fourth analysis, conducted in the Trial of Nonpharma-
cologic Intervention in the Elderly (TONE), reported a non-
significant 23% reduction in CVD events during a median
follow-up of 29 months in the 487 TONE participants as-
signed to sodium reduction.17

Conduct of additional trials specifically designed and
powered to provide more definitive results would be ideal.
As is the case for studies involving weight loss, physical
activity, and other lifestyle interventions, considerations of

cost and complexity make the possibility of a traditional
design in which individuals are randomized to a behav-
ioral intervention to lower dietary sodium an unlikely pos-
sibility. A more realistic option would be to use an
approach similar to that used by Chang et al15 in which
clusters (eg, communities) are randomized to diets that
differ in sodium content.

Despite the potential value of having longitudinal data on
the relationship between urinary sodium excretion and CVD
events, the findings reported by O’Donnell et al11 should be
interpreted with caution. To be convincing, these findings
would first have to be replicated in high-quality studies. For
instance, an important consideration is the accuracy of their
values for urinary sodium excretion. As the authors ac-
knowledge, there are several caveats related to their meth-
ods for estimating urinary sodium excretion based on a single
morning sample, and extrapolating from these estimates to
daily sodium intake is fraught with risk.

Furthermore, although the inverse relationship between
urinary potassium excretion and stroke is consistent with
many previous reports and meta-analyses,18 the possible
causal relationship between urinary sodium excretion and
CVD events would have to be probed more carefully, espe-
cially at the lower end of the J curve. Prior experience,
such as in the context of body mass index, cholesterol lev-
els, BP, alcohol intake, or other factors, suggests that pre-
existing disease is an important potential confounding fac-
tor that must be considered in the uptick in risk observed
at the bottom end of a J-shaped curve. Moreover, the curve
reported by O’Donnell et al is J-shaped rather than
U-shaped, and as such, a relatively small proportion of
study participants were in the sodium intake categories at
the lower end of the curve (ie, only 3% in the group identi-
fied with urinary sodium excretion of �2 g/d and 29% in
the 2-3.99 g/d group). The CVD risk among this group
was far less than that among the groups in the longer end
of the J-shaped curve with higher levels of urinary sodium
excretion.

Most US adults consume levels of sodium far in excess
of physiologic need,19 and the vast majority of that excess
is added during the processing of foods.20 A progressive re-
duction in the addition of sodium to food products could
represent one of the “lifestyle” changes with the greatest po-
tential for intervention success. This shift to a more natu-
ral diet would concurrently lead to an absolute increase in
dietary potassium content21 and also lead to an improved
sodium-potassium ratio, which may be more desirable than
change of either electrolyte on its own.22 The scientific un-
derpinning for the health benefits from sodium reduction
is strong, and the available evidence does not support de-
viating from the stated goal7 of reducing the exposure to di-
etary sodium in the general population.

Conflict of Interest Disclosures: The author has completed and submitted the
ICMJE Form for Disclosure of Potential Conflicts of Interest and none were
reported.

EDITORIALS

©2011 American Medical Association. All rights reserved. JAMA, November 23/30, 2011—Vol 306, No. 20 2263



1. Reducing Salt Intake in Populations: Report of a WHO Forum and Technical
Meeting. Geneva, Switzerland: WHO Press; 2007.
2. US Department of Health and Human Services and US Department of Agriculture.
Dietary Guidelines for Americans, 2005. 6th ed. Washington, DC: US Govern-
ment Printing Office; January 2005.
3. Prevention of Cardiovascular Disease at Population Level. NICE Public Health
Guidance 25. London, UK: National Institute for Health and Clinical Excellence;
2010.
4. Nutrient Reference Values for Australia and New Zealand, Including Recom-
mended Dietary Intakes. Australia: National Health and Medical Research Coun-
cil; 2006.
5. Appel LJ, Frohlich ED, Hall JE, et al. The importance of population-wide sodium
reduction as a means to prevent cardiovascular disease and stroke: a call to action
from the American Heart Association. Circulation. 2011;123(10):1138-1143.
6. Centers for Disease Control and Prevention (CDC). Application of lower so-
dium intake recommendations to adults—United States, 1999-2006. MMWR Morb
Mortal Wkly Rep. 2009;58(11):281-283.
7. US Department of Health and Human Services and US Department of Agriculture.
Dietary Guidelines for Americans, 2010. 7th ed. Washington, DC: US Govern-
ment Printing Office; January 2011.
8. Panel on Dietary Reference Intakes for Electrolytes and Water, Standing Com-
mittee on the Scientific Evaluation of Dietary Reference Intakes, Food and Nutri-
tion Board, Institute of Medicine of the National Academies. Dietary Reference
Intakes for Water, Potassium, Sodium, Chloride, and Sulfate. Washington, DC:
National Academies Press; 2005.
9. Alderman MH. Reducing dietary sodium: the case for caution. JAMA. 2010;
303(5):448-449.
10. Alderman MH. Dietary sodium and cardiovascular disease: the “J”-shaped
relation. J Hypertens. 2007;25(5):903-907.
11. O’Donnell MJ, Yusuf S, Mente A, et al. Urinary sodium and potassium
excretion and risk of cardiovascular events. JAMA. 2011;306(20):2229-
2238.

12. Cutler JA, Follmann D, Allender PS. Randomized trials of sodium reduction:
an overview. Am J Clin Nutr. 1997;65(2)(Suppl):643S-651S.
13. Graudal NA, Galløe AM, Garred P. Effects of sodium restriction on blood pres-
sure, renin, aldosterone, catecholamines, cholesterols, and triglyceride: a
meta-analysis. JAMA. 1998;279(17):1383-1391.
14. He FJ, MacGregor GA. Effect of modest salt reduction on blood pressure: a
meta-analysis of randomized trials—implications for public health. J Hum Hypertens.
2002;16(11):761-770.
15. Chang H-Y, Hu Y-W, Yue C-SJ, et al. Effect of potassium-enriched salt on
cardiovascular mortality and medical expenses of elderly men. Am J Clin Nutr. 2006;
83(6):1289-1296.
16. Cook NR, Cutler JA, Obarzanek E, et al. Long term effects of dietary sodium
reduction on cardiovascular disease outcomes: observational follow-up of the Trials
of Hypertension Prevention (TOHP). BMJ. 2007;334(7599):885-888.
17. Whelton PK, Appel LJ, Espeland MA, et al; TONE Collaborative Research Group.
Sodium reduction and weight loss in the treatment of hypertension in older per-
sons: a randomized controlled Trial of Nonpharmacologic Interventions in the El-
derly (TONE). JAMA. 1998;279(11):839-846.
18. D’Elia L, Barba G, Cappuccio FP, Strazzullo P. Potassium intake, stroke, and
cardiovascular disease a meta-analysis of prospective studies. J Am Coll Cardiol.
2011;57(10):1210-1219.
19. Michell AR. Physiological aspects of the requirement for sodium in mammals.
Nutr Res Rev. 1989;2(1):149-160.
20. Mattes RD, Donnelly D. Relative contributions of dietary sodium sources.
J Am Coll Nutr. 1991;10(4):383-393.
21. Karppanen H, Karppanen P, Mervaala E. Why and how to implement so-
dium, potassium, calcium, and magnesium changes in food items and diets? J Hum
Hypertens. 2005;19(suppl 3):S10-S19.
22. Cook NR, Obarzanek E, Cutler JA, et al; Trials of Hypertension Prevention Col-
laborative Research Group. Joint effects of sodium and potassium intake on sub-
sequent cardiovascular disease: the Trials of Hypertension Prevention follow-up
study. Arch Intern Med. 2009;169(1):32-40.

ONLINE FIRST

Is Severe Sepsis Associated With
New-Onset Atrial Fibrillation and Stroke?
Christopher H. Goss, MD, MSc
Shannon S. Carson, MD

SEVERE SEPSIS IS A MAJOR HEALTH PROBLEM IN THE

United States and around the world, with hospital
mortality rates ranging from 18% to 50%.1,2

Patients with severe sepsis are defined as a subset
of patients with sepsis who have acute organ dysfunction
in the setting of a systemic inflammatory response due to
an infection.3 Severe sepsis has an estimated incidence
between 50 and 300 cases per 100 000 individuals annu-
ally, depending on the study.4-7 The prevalence of severe
sepsis increases with age and with the number of comor-
bidities (eg, liver disease and diabetes).8,9 Arrhythmias
are common in the intensive care unit, occurring in 12%
of all patients (with supraventricular arrhythmias occur-
ring in 8% of all patients).10 Arrhythmias are more likely
to occur in older patients and those with severe sepsis or
septic shock.

Despite the prevalence of arrhythmia, controversy per-
sists regarding the effect of atrial fibrillation on clinical out-
come, with studies showing both increased mortality asso-
ciated with atrial fibrillation11,12 and no association with
mortality.10,13,14 When treating a patient with severe sepsis
and new-onset atrial fibrillation, the goals of the intensive
care unit clinician are likely short-term—controlling heart
rate or performing cardioversion if the patient is hemody-
namically unstable. Initiating anticoagulation to prevent long-
term sequelae in a patient who may already be coagulo-
pathic poses a challenging risk-benefit assessment. Better
data are needed to refine the understanding of the implica-
tion of this common complication in the setting of sepsis.

In this issue of JAMA, Walkey and colleagues15 address
this important question. The authors used administrative
claims data from California in 2007 to address the clinical
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