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Extreme Sodium Reductions for the Entire Population:
Zealotry or Evidence Based?

Andrew Mente,'2 Martin J. O'Donnell,3#4 and Salim Yusuf'-3>

Should Americans eat less salt? “Yes”
has been the advice from several pro-
fessional organizations. But are such
sweeping public health recommenda-
tations based on good science or are
they based on an overzealous extrapo-
lation of limited data? Currently, the
average consumption of sodium (Na)
in the United States is about 3.5g/day.
Some guidelines recommend reducing
the Na consumption of the entire US
population to <2.3g/day, and some to
even 1.5g/day. Is this 35%-65% reduc-
tion in Na consumption in millions of
Americans necessary, safe, and feasible?

Is there evidence that lowering Na
intake from current levels (3.5 g/day) to
much lower levels (<2.3 g/day or 1.5g/
day) is beneficial to health?

The crux of the argument is that the
blood pressure (BP)-lowering effect of
a reduction in Na intake (to low intake
levels) will reduce cardiovascular dis-
ease (CVD). But is this supported by
incontrovertible evidence, or is it in
large part conjecture? One of the most
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influential studies was INTERSALT,
which reported a weak relationship
between Na and BP (0.94/0.03mm
Hg per gram of Na).! An equally well-
conducted study from Scotland pub-
lished side by side showed no significant
association between Na excretion and
BP? yet received little attention, illus-
trating the biases with which papers
are selectively emphasized. The DASH
trial in 2001,® which has been a primary
basis for the current American Heart
Association guidelines and the 2010
National Dietary Guidelines, is a “proof
of concept” study as to whether changes
in multiple aspects of diet (includ-
ing Na reduction) would lower BP
under controlled situations (all meals
were provided to the participants and
their spouses) over 5 weeks. This trial
demonstrated that large reductions in
Na intake (1.8g/day) lowered BP (by
4.9/2.6mm Hg), but the effects were
more modest (3.0/1.6 mm Hg) in those
who consumed an otherwise healthy
diet, which also lowers BP. Further,
the average intake of potassium in the
DASH participants was low (1.56g/
day) compared with the typical US diet
(2.6g/d),* and this may have enhanced
the effects of Na reduction.>® A study of
18 months of intervention (e.g., Trials
of Hypertension Prevention) where
foods were not replaced showed smaller
reductions in Na (1.0 g/day) and a pro-
portionately smaller reduction in sys-
tolic BP of 1.7 mmHg.”

But none of these studies addressed
the crucial question: Does lowering
Na intake reduce CVD? In the absence
of reliable randomized controlled tri-
als (RCTs), some clues can be obtained
from cohort studies examining the
association between Na intake and
CVD. Recently, 4 cohort studies® ! with
urinary estimates of Na consumption
(which are better than dietary estimates)
raised concerns that low Na intake (<3 g/
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day) was associated with higher (or no
lower) rates of CVD/mortality com-
pared with moderate intake. This flew in
the face of conventional dogma, so the
Insitute of Medicine (IOM) committee
was struck to examine the data and has
since made a number of recommenda-
tions, which we interpret in the context
of the totality of evidence.

How do the new IOM recommendations
differ from the past?

A key emphasis in the new report is the
focus on the association of Na to health
outcomes, rather than BP. This change in
focus from surrogate outcomes to CVD
events is consistent with other guide-
lines and prompted by results of recent
clinical trials where changes in surro-
gates (e.g., BP, glucose) do not always
translate into anticipated changes in
CVD. The committee found that the evi-
dence linking Na intake and CVD sup-
ports population-based efforts to lower
“excessive” dietary Na intakes, but it is
not consistent with recommendations
that encourage lowering of dietary Na to
<2.3g/day.

The committee explicitly pointed out
that they were not able to recommend a
specific target range of dietary Na and
emphasized the paucity of good data to
do so. The report states people should
not eat “high” amounts of Na, but the
data on the health effects of Na were
deemed too sparse for the committee to
specify an upper limit for acceptable Na
consumption.

Relevant issues regarding Na intake,
BP, and CVD

What is the population distribution
of Na intake? The average American
consumes about 3.5g of Na per day,
and this has remained constant for the
last 50 years, despite guidelines and
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population-based efforts to reduce Na
intake further. In addition, data from
>30 countries have reported a simi-
lar level of Na intake.®!* In the United
States, only 9% of adults consume <2.3 g/
day, and just 0.6% consume <1.5g/day.*
Therefore, the human experience for
very low levels of Na consumption is
extremely sparse. Interestingly, in coun-
tries such as the United States, there
have been marked reductions in CVD
rates by about 50% over the last 25 years
although Na intake has remained con-
stant.!* So, Na reduction does not appear
to be essential to reducing CVD.

What is the extent of CVD reduction
that plausible reductions in Na can
achieve? RCTshave reported a modest
reduction in BP with lowering Na intake
from moderate to low-moderate intake
ranges,'>!® which is larger (3.0mm Hg
SBP with 1g of Na reduction) in hyper-
tensive persons than in normotensive
persons (1.6 mm Hg). A more achievable
reduction in Na intake, by, say, 0.5g of
Na,!” will translate into about a 1.5mm
Hg lower systolic BP in hypertensive
persons and about a 0.8 mm Hg lower
systolic BP in the general population. If
real, these translate into a 5% and and
2.5% potential reduction in CVD risk in
hypertensive persons and in the general
population, respectively—a magnitude
of benefit that is modest.!

Furthermore, the contention that BP
reductions irrespective of the approach
and the baseline level of BP will trans-
late into CVD reductions is question-
able. For instance, recent trials showed
that some agents reduce BP but have
no effect on clinical outcomes,' other
agents reduce BP only modestly but
have a substantial reduction in CVD,*
and different agents reduce BP to similar
extents and yet differ in their impact on
CVD.?! Further, even in high-risk indi-
viduals (e.g., diabetics), lowering sys-
tolic BP from 133.5 to 119.3mm Hg (a
14.2mm Hg change) was not associated
with a significant reduction in CVD.*
Therefore, the clinical benefits on health
outcomes cannot be reliably predicted
by a reduction in BP. Currently, apart
from beta-blockers post-myocardial
infarction (MI) or angiotensin-convert-
ing enzyme (ACE) inhibitors in those
with CVD or other markers of high
risk,2%23-28 there is no clear evidence that
BP-lowering drugs will reduce CVD in

those with “normal” entry BP levels
(i.e., systolic BP < 140 mm Hg). Recent
European guidelines have called for
large RCTs to definitively address this
question.”

What is the relationship between
Na and clinical events? In almost all
cohort studies reporting an association
between increased Na intake and CVD,
the increased risk was only observed
when Na intake was greater than approx-
imately 5 g/day.®!! Below this level, there
is no convincing association between Na
intake and CVD with increasing intake,
and some studies have reported a higher
risk with Na intake below 3 g/day com-
pared with moderate intake (3-5g/
day).>-!! Even if we dismiss the higher
CVD rates at low Na levels as due to a
methodologic artefact (“reverse” causal-
ity), there is no study indicating that Na
intake (measured using urinary mark-
ers) <3g/day is associated with lower
rates of CVD compared with 3-5g/day
(the US average). However, an intake of
3-5g/day is associated with lower CVD
compared with higher intake 3113

There is a clear need for large, well-
executed cohort studies with urinary
measures of Na involving healthy indi-
viduals and a broad range of Na con-
sumption, among whom a few thousand
CVD events occur, so that we can reli-
ably characterize the shape of the asso-
ciations of Na intake vs. CVD.

RCTs with morbidity and mortality
outcomes are the goldstandard for test-
inghealth interventions. To date, the only
RCTs of reduced Na intake and mortal-
ity involved patients with heart failure,
which showed an increase in mortality
with very low Na intake compared with
moderate Na intake,?!-3 but the validity
of some of these studies has been chal-
lenged. Data from well-designed RCTs
in healthier populations are currently
unavailable. The Trials of Hypertension
Prevention®* was designed to assess the
effect of Na reduction on BP, which it
clearly demonstrated. In the extended
observational follow-up, 23% of par-
ticipants were lost to follow-up, and of
those followed, records to document
CVD were unavailable in a further third.
This suggests that data on CVD may not
have been available >40% of the events.
A usual analysis (without “adjustment”)
reported no significant reduction in
CVD, but a post hoc “adjusted” analysis
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was just “nominally statistically sig-
nificant” The relative risk reduction in
CVD was reported to be 25% (and 30%
after adjustment), which would be 5
times larger (and therefore implausible)
than that predicted from the observed
systolic BP reduction of 1.7mm Hg.
Further, the mortality rate, which was
available in the entire cohort, showed
no significant difference. Therefore this
study does not inform us reliably as to
whether reduction in Na intake affects
CVD or mortality.

Asthe IOM committee recommended,
there is a particular need to conduct
large RCTs with clinical outcomes as the
endpoint, especially where uncertainty
exists about whether the benefits out-
weigh harm. Such a trial could be fea-
sible among individuals living in closed
communities, such as nursing home res-
idents, especially because the elderly are
more sensitive to Na effects. As shown
repeatedly in the past, well-meaning
interventions based on insufficient sci-
ence can mislead (e.g., hormone therapy,
margarines, and total fat intake).’5-%
These examples suggest caution in rec-
ommending major public health policies
based on surrogate outcomes.

Implications for dietary
recommendations

The latest evidence raises several new
questions: Is it wise to make dietary rec-
ommendations that affect millions when
the impact of Na reduction on clinical
outcomes is unproven? What is its fea-
sibility? What are the direct and indirect
costs of a wholesale change of Na con-
tent of food? If the goal is CVD reduc-
tion, are there not better proven dietary
interventions (e.g., Mediterranean diet)?
Is it wise to divert resources to poorly
proven strategies when so much more
can be achieved by interventions where
the evidence is far stronger (e.g., smok-
ing cessation, better control of hyper-
tension through more widespread use of
low-cost and safe drugs, lipid lowering)?
Is targeting hypertensive persons and
those with high Na intake more appro-
priate than a population-wide strategy?
The zeal to recommend extreme
reductions in Na intake that are difficult
to achieve in the entire population in the
United States and other countries with
moderate Na intake (e.g., <5g/day) is a
case of ideology replacing good science.
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The onus is on those who advocate
population-wide recommendations for
extreme Na reduction to generate relia-
ble data that widespread and substantial
reduction of Na intake will reduce CVD
to settle the issue definitively. As IOM
committee chair Brian Strom stated:
“It's not a question of studies showing
benefit being better than those show-
ing harm; there are no studies showing
benefit’*® So the answer to the question,
“Should all Americans reduce their con-
sumption of Na substantially from cur-
rent average intake levels?” is “We don't
know, and definitely not yet”

DISCLOSURE

The authors declared no conflict of
interest.

REFERENCES

1.

INTERSALT: an international study of elec-
trolyte excretion and blood pressure. Results
for 24 hour urinary sodium and potassium
excretion. Intersalt Cooperative Research
Group. BM] 1988; 297:319-328.

. Smith  WC, Crombie IK, Tavendale RT,

Gulland SK, Tunstall-Pedoe HD. Urinary
electrolyte excretion, alcohol consumption,
and blood pressure in the Scottish heart
health Study. BM]J 1988; 297:329-330.

. Sacks FM, Svetkey LP, Vollmer WM, Appel L],

Bray GA, Harsha D, Obarzanek E, Conlin PR,
Miller ER 3rd, Simons-Morton DG, Karanja
N, Lin PH; DASH-Sodium Collaborative
Research Group. Effects on blood pressure
of reduced dietary sodium and the Dietary
Approaches to Stop Hypertension (DASH)
diet. DASH-Sodium Collaborative Research
Group. N Engl ] Med 2001;344:3-10.

. Cogswell ME, Zhang Z, Carriquiry AL, Gunn

JP, Kuklina EV, Saydah SH, Yang Q, Moshfegh
AJ. Sodium and potassium intakes among US
adults: NHANES 2003-2008. Am ] Clin Nutr
2012; 96:647-657.

. Krishna GG, Miller E, Kapoor S. Increased

blood pressure during potassium depletion
in normotensive men. N Engl ] Med 1989;
320:1177-1182.

. Morris RC Jr, Sebastian A, Forman A, Tanaka

M, Schmidlin O. Normotensive salt sensitiv-
ity: effects of race and dietary potassium.
Hypertension 1999; 33:18-23.

. The effects of nonpharmacologic interven-

tions on blood pressure of persons with
high normal levels. Results of the Trials of
Hypertension Prevention, phase 1. JAMA
1992; 267:1213-1220.

. Thomas MC, Moran J, Forsblom C, Harjutsalo

V, Thorn L, Ahola A, Wadén J, Tolonen
N, Saraheimo M, Gordin D, Groop PH;

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

FinnDiane Study Group. The association
between dietary sodium intake, ESRD, and
all-cause mortality in patients with type 1 dia-
betes. Diabetes Care 2011; 34:861-866.

. Ekinci EI, Clarke S, Thomas MC, Moran JL,

Cheong K, Maclsaac RJ, Jerums G. Dietary
salt intake and mortality in patients with type
2 diabetes. Diabetes Care 2011: 34:703-709.
Stolarz-Skrzypek K, Kuznetsova T, Thijs
L, Tikhonoff V, Seidlerova J, Richart T, Jin
Y, Olszanecka A, Malyutina S, Casiglia E,
Filipovsky J, Kawecka-Jaszcz K, Nikitin Y,
Staessen JA; European Project on Genes in
Hypertension (EPOGH) Investigators. Fatal
and nonfatal outcomes, incidence of hyper-
tension, and blood pressure changes in rela-
tion to urinary sodium excretion. JAMA 2011;
305:1777-1785.

O’Donnell MJ, Yusuf S, Mente A, Gao P, Mann
JE Teo K, McQueen M, Sleight P, Sharma
AM, Dans A, Probstfield J, Schmieder RE.
Urinary sodium and potassium excretion and
risk of cardiovascular events. JAMA 2011;
306:2229-2238.

McCarron DA, Geerling JC, Kazaks AG, Stern
JS. Can dietary sodium intake be modified by
public policy? Clin ] Am Soc Nephrol 2009;
4:1878-1882.

Bernstein AM, Willett WC. Trends in 24-hour
urinary sodium excretion in the United States,
1957-2003: a systematic review. Am ] Clin
Nutr 2010; 92:1172-1180.

Ford ES, Ajani UA, Croft JB, Critchley JA,
Labarthe DR, Kottke TE, Giles WH, Capewell
S. Explaining the decrease in US deaths from
coronary disease, 1980-2000. N Engl ] Med
20075 356:2388-2398.

Hooper L, Bartlett C, Davey Smith G, Ebrahim
S. Reduced dietary salt for prevention of car-
diovascular disease. Cochrane Database Syst
Rev 2003; 3:CD003656.

He FJ, Li ], Macgregor GA. Effect of longer
term modest salt reduction on blood pressure:
Cochrane systematic review and meta-analy-
sis of randomised trials. BM]J 2013; 346:f1325.
Millett C, Laverty AA, Stylianou N, Bibbins-
Domingo K, Pape UJ. Impacts of a national
strategy to reduce population salt intake in
England: serial cross sectional study. PLoS
One 2012; 7:29836.

Lewington S, Clarke R, Qizilbash N, Peto R,
Collins R; Prospective Studies Collaboration.
Age-specific relevance of usual blood pressure
to vascular mortality: a meta-analysis of indi-
vidual data for one million adults in 61 pro-
spective studies. Lancet 2002; 360:1903-1913.
Parving HH, Brenner BM, McMurray ]JJ,
de Zeeuw D, Haffner SM, Solomon SD,
Chaturvedi N, Persson F, Desai AS, Nicolaides
M, Richard A, Xiang Z, Brunel P, Pfeffer MA;
ALTITUDE Investigators. Cardiorenal end
points in a trial of aliskiren for type 2 diabetes.
N Engl ] Med 2012; 367:2204-2213.

The Heart Outcomes Prevention Evaluation
Study Investigators. Effects of an angiotensin-
converting-enzyme inhibitor, ramipril, on
cardiovascular events in high-risk patients. N
Engl ] Med 2000; 342:145-153.

Jamerson K, Weber MA, Bakris GL, Dahlof
B, Pitt B, Shi V, Hester A, Gupte J, Gatlin
M, Velazquez EJ; ACCOMPLISH Trial
Investigators. Benazepril plus amlodipine or
hydrochlorothiazide for hypertension in

American Journal of Hypertension 26(10) October 2013

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

high-risk patients. N Engl ] Med 2008;
359:2417-2428.

ACCORD Study Group, Cushman WC, Evans
GW, Byington RP, Goff DC Jr, Grimm RH Jr,
Cutler JA. Effects of intensive blood-pressure
control in type 2 diabetes mellitus. N Engl |
Med 2010; 362:1575-1585.

PROGRESS Collaborative Group. Randomised
trial of a perindopril-based blood-presure low-
ering regimen among 6105 individuals with
previous stroke or transient ischaemic attack.
Lancet 2001; 358:1033-1041.

Snow PJ. Effect of propranolol in myocardial
infarction. Lancet 1965; 2:551-553.
Freemantle N, Cleland ], Young P, Mason J,
Harrison J. Beta Blockade after myocardial
infarction: systematic review and meta regres-
sion analysis. BMJ 1999; 318:1730-1737.
Beta-Blocker Heart Attack Trial Research
Group. A randomized trial of propranolol in
patients with acute myocardial infarction: II
Morbidity results. JAMA 1983;250:2814-2819.
Norwegian Multicenter Study Group. Timolol-
induced reduction in mortality and reinfarc-
tion in patients surviving acute myocardial
infarction. N Engl ] Med 1981; 304:801-807.
Beta-Blocker Heart Attack Trial Research
Group. A randomized trial of propranolol
in patients with acute myocardial infarc-
tion: I Mortality results. JAMA 1982;
247:1707-1714.

Mancia G, Fagard R, Narkiewicz K, Redon J,
Zanchetti A, Bohm M, Christiaens T. 2013
ESH/ESC Guidelines for the management of
arterial hypertension: The Task Force for the
Management of Arterial Hypertension of the
European Society of Hypertension (ESH) and
of the European Society of Cardiology (ESC).
Eur Heart J 2013 Jul 5.

O’Donnell MJ, Mente A, Smyth A, Yusuf S.
Salt intake and cardiovascular disease: why
are the data inconsistent? Eur Heart J 2013;
34:1034-1040.

Parrinello G, Di Pasquale P, Licata G, Torres
D, Giammanco M, Fasullo S, Mezzero M,
Paterna S. Long-term effects of dietary
sodium intake on cytokines and neurohormo-
nal activation in patients with recently com-
pensated congestive heart failure. J Cardiac
Failure 2009; 15:864-873.

Paterna S, Gaspare P, Fasullo S, Sarullo FM,
Di Pasquale P. Normal-sodium diet compared
with low-sodium diet in compensated con-
gestive heart failure: is sodium an old enemy
or a new friend? Clin Sci 2008; 114:221-230.
Paterna S, Parrinello G, Cannizzaro S, Fasullo
S, Torres D, Sarullo FM, Di Pasquale P.
Medium term effects of different dosage of
diuretic, sodium, and fluid administration
on neurohormonal and clinical outcome in
patients with recently compensated heart fail-
ure. Am ] Cardiol 2009; 103:93-102.

Cook NR, Cutler JA, Obarzanek E, Buring
JE, Rexrode KM, Kumanyika SK, Appel LJ,
Whelton PK. Long term effects of dietary
sodium reduction on cardiovascular disease
outcomes: observational follow-up of the
Trials of Hypertension Prevention (TOHP).
BM]J 2007; 334:885-888.

Howard BV, Van Horn L, Hsia J, Manson JE,
Stefanick ML, Wassertheil-Smoller S, Kuller
LH. Low-fat dietary pattern and risk of car-
diovascular disease: the Womens Health

1189



Commentaries

Initiative Randomized Controlled Dietary
Modification Trial. JAMA 2006; 295:655-666.
36. Howard BV, Manson JE, Stefanick ML,
Beresford SA, Frank G, Jones B, Rodabough
RJ. Low-fat dietary pattern and weight change

37.

over 7 years: the Womenss Health Initiative dietary guidelines. Am ] Prev Med 2008;
Dietary Modification Trial. JAMA 2006; 34:234-240.

295:39-49. 38. Mitka M. IOM report: evidence fails to sup-
Marantz PR, Bird ED, Alderman MH. A port guidelines for dietary salt reduction.
call for higher standards of evidence for JAMA 2013; 309:2535-2536.

1190 American Journal of Hypertension 26(10) October 2013



