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Context.dThe precise relationship between sodium andpotassium intake
and cardiovascular (CV) risk remains uncertain, especially in patients with
CV disease.

Objective.dTo determine the association between estimated urinary
sodium and potassium excretion (surrogates for intake) and CV events
in patients with established CV disease or diabetes mellitus.

Design, Setting, and Patients.dObservational analyses of 2 cohorts
(N¼28880) included in the ONTARGET and TRANSCEND trials
(November 2001-March 2008 from initial recruitment to final follow-up).
We estimated 24-hour urinary sodium and potassium excretion from a
morning fasting urine sample (Kawasaki formula). We used restricted
cubic spline plots to describe the association between sodium and potassium
excretion and CV events and mortality, and to identify reference categories
for sodium and potassium excretion. We used Cox proportional hazards
multivariable models to determine the association of urinary sodium and
potassium with CV events and mortality.

Main Outcome Measures.dCV death, myocardial infarction (MI),
stroke, and hospitalization for congestive heart failure (CHF).

Results.dAt baseline, the mean (SD) estimated 24-hour excretion for
sodium was 4.77 g (1.61); and for potassium was 2.19 g (0.57). After
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a median follow-up of 56 months, the composite outcome occurred in 4729
(16.4%) participants, including 2057 CV deaths, 1412 with MI, 1282 with
stroke, and 1213with hospitalization for CHF. Comparedwith the reference
group with estimated baseline sodium excretion of 4 to 5.99 g per day
(n¼14156; 6.3% participants with CV death, 4.6% with MI, 4.2% with
stroke, and 3.8% admitted to hospital with CHF), higher baseline sodium
excretion was associated with an increased risk of CV death (9.7% for 7-8
g/day; hazard ratio [HR], 1.53; 95% CI, 1.26-1.86; and 11.2% for >8 g/
day; HR, 1.66; 95% CI, 1.31-2.10), MI (6.8%; HR, 1.48; 95% CI, 1.11-
1.98 for >8 g/day), stroke (6.6%; HR, 1.48; 95% CI, 1.09-2.01 for >8 g/
day), and hospitalization for CHF (6.5%; HR, 1.51; 1.12-2.05 for >8 g/
day). Lower sodium excretion was associated with an increased risk of CV
death (8.6%; HR, 1.19; 95% CI, 1.02-1.39 for 2-2.99 g/day; 10.6%; HR,
1.37; 95% CI, 1.09-1.73 for <2 g/day), and hospitalization for CHF
(5.2%; HR, 1.23; 95% CI, 1.01-1.49 for 2-2.99 g/day) on multivariable
analysis. Compared with an estimated potassium excretion of less than
1.5 g per day (n¼2194; 6.2% with stroke), higher potassium excretion
was associated with a reduced risk of stroke (4.7% [HR, 0.77; 95% CI,
0.63-0.94] for 1.5-1.99 g/day; 4.3% [HR, 0.73; 95% CI, 0.59-0.90] for
2-2.49 g/day; 3.9% [HR, 0.71; 95% CI, 0.56-0.91] for 2.5-3 g/day; and
3.5% [HR,0.68; 95%CI, 0.49-0.92] for >3 g/day) onmultivariable analysis.
Conclusions.dThe association between estimated sodium excretion and

CV events was J-shaped. Compared with baseline sodium excretion of 4 to
5.99 g per day, sodium excretion of greater than 7 g per day was associated
with an increased risk of all CV events, and a sodium excretion of less than
3 g per day was associated with increased risk of CV mortality and hospi-
talization for CHF. Higher estimated potassium excretion was associated
with a reduced risk of stroke.

:

This post-hoc analysis of data from 2 related clinical trials attempts to address

the important and controversial issue of dietary cation consumption (very

roughly estimated at 1 point in time) and subsequent risk of cardiovascular

events over about 56 months in patients at high risk for these events. Although

some have expressed concern that reduction of dietary sodium may increase

cardiovascular risk in the general population or in hypertensive individuals,1,2

recent meta-analyses3 and a recent US population-based cohort study4 have

both suggested that moderate dietary sodium restriction would be a good

strategy to reduce blood pressure and cardiovascular risk. This conclusion agrees

with official governmental opinions,5 recent cost-effectiveness calculations,6,7

and recent experience in Finland and the United Kingdom. One possible way

of integrating all these data is to hypothesize a “J-shaped curve” for dietary

sodium consumption and cardiovascular risk, which is in accord with these

authors’ data and conclusions. The caveat is the population-attributable risk of

the low-sodium diet group; in this cohort, only 3% of the total patient population

had an estimated 24-hour sodium excretion rate of <2 g/d (which is currently

recommended in the United States),5 and only 29% had their rates in the next

lowest category (2.0e3.99 g/d).
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There are many challenges with the authors’ methods of data collection, most

especially the estimation of daily sodium intake based on a urinary sample

collected in themorning.8 About 70% of their study populationwas hypertensive,

and about 29% were treated with diuretics, so a substantial proportion should

have received advice about a low-sodiumdiet as part of their long-term treatment;

the fact that only 3% had an estimated 24-hour sodium excretion of <2 g/d is,

therefore, quite surprising. If one ignores this small subset (which is admittedly

one of the primary conclusions of the study), the authors’ conclusions are remark-

ably similar to another recent analysis of population-based data from NHANES

that used somewhat more sophisticated techniques of estimating urinary sodium

excretion.4

All in all, these data are consistent with the majority of the world’s literature

that suggests that most people in western societies consume too much sodium.

Whether a barely significant increase in risk for the 3% with the lowest estimated

sodium consumption (uncorrected for multiple comparisons) should overrule

the highly significant graded increase in risk for the 68%whose estimated sodium

consumption was $4 g/d is a question for public policymakers. Further confir-

mation in a randomized clinical trial (not another cohort study9) of the excess

risk among those with estimated sodium consumption in the currently recom-

mended range should be required as well before this guideline is abandoned.

W. J. Elliott, MD, PhD
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