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MY LONGSTANDING CONCERNS
EXPERTS CHALLENGE LOW-SODIUM DIET
By PHILIP M. BOFFEY, Special to the New York Times
Published: September 14, 1982

ARLINGTON, Va., Sept. 13— The widely held view that most Americans should reduce 
their salt or other sodium intake to prevent the development of high blood pressure was 
challenged by experts at a scientific conference here today.

David A. McCarron, director of the hypertension program at Oregon Health Sciences 
University, warned that widespread restriction of sodium intake may actually end up 
harming more people than it helps…………..

''I don't recommend sodium restriction as a broad public health measure.'' he said. ''We 
could turn around 20 years from now and see that it had caused more problems than it 
prevented.''



Robert Tigerstedt – 1898 - Renin



Richter induced need states in experimental animals by depriving them of substances 
essential to survival, or manipulating the hormone levels, and showed that these need 
states generate appetites, and behaviours precisely fitting the animal's need 

Curt Richter – 1936
Neural Control of Sodium Appetite



• NIH Director: “ I feel the problem we still have is that we can’t 
bring you proof that changing the diet …will lengthen his life”

• Harvard Biologist/USDA Advisor: The question to be asked is 
not why…but why not. What are the risk…less salt? There are 
none that can be identified and important benefits.

• Rockefeller Scientist: “an experiment on the American people 
…treating them like Sprague-Dawley rats.” 

Science: 1979



TIME: March 15, 1982



NHANES I – THE DASH DIET

“Blood pressure and nutrient intake in the U.S.
McCarron et al: Science 1984

Ca2+ K+

Na+



NATIONAL HEART LUNG BLOOD INSTITUTE’S 
RESPONSE

“ …McCarron et al were remiss in not attempting to 
square their conclusions with the abundance of 
population-based  and experimental data suggesting 
that dietary sodium indeed plays an important role in 
hypertension .”

Dr. Claude Lenfant
NHLBI Director
Science 1984



“ … the obstacle to discovery is the illusion 
of knowledge.”

Daniel J. Boorstin
The Discoverers



"Ignorance is a powerful tool if applied at the 
right time, even, usually surpassing knowledge.”

E.J.Potter
Michigan Mad Man of Motorcycle Racing
New York Time's Obituary May 12, 2012



Robert Tigerstedt – 1898 - Renin



Jan. 13, 1973 Recipient of the Stouffer Prize for 
Hypertension Research, American 
Heart Association, 1969. (Conn, 
Gross, Laragh)

How Ang II regulates ALD release



UNaV Relationship to PRA and Aldosterone
1972-NEJM

Brunner et al; NEJM, 1972



PARABOLIC RELATIONSHIP OF NUTRIENT TO 
HEALTH RISK

Mertz: Science, 1981



INTERSALT  
SODIUM INTAKE WORLDWIDE

BMJ  1988 

Study hypothesis: Na predicts HTN and Population mean BP - Rejected



PHYSIOLOGIC RANGE OF HUMAN SODIUM INTAKE
BASED ON 24hr UNaV IN 69,011 SUBJECTS WORLDWIDE

5 DECADES – 45 COUNTRIES
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Mean: 159.4 +/- 22.3 mmols/d
Range: 114 – 210 mmols/d (2622-4830 mg/d)



WORLDWIDE SODIUM INTAKE g/d
NUTRICODE – MEAN 3.93 gm/d

BMJ OPEN: 2013

Mean 3.93 gm/ d



COMPARISON - WORLDWIDE SODIUM INTAKE g/d
NUTRICODE vs McCarron  Am J HTN

MCCARRON et al: Am J Htn; 2013 – Mean 3.7 gm/d

NUTRICODE – Mean 3.93 gm/d



Number of Participants by Quintile of
24 hr UNaV – mg/d
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Robert Tigerstedt – 1898 - Renin



PHYSIOLOGIC RELATIONSHIP OF 24 hr UNaV to PRA
PREDICTS MEAN SODIUM INTAKE

Based on Brunner et al, NEJM 1972

Point at which asymptote intersects confidence interval 
establishes minimal 24 hr UNaV for PRA suppression

156



• Campaign started 2006 – but compared 2011 to 2001 survey
• Reported average of 35-40% reduction in food sodium across all categories
• Stated that 2011 UNaV was reduced 15% compared 2001

• Appropriate comparison actually was 2006 survey to 2011
• Actual Na+ intake decreased 9% - UK government site states non-significant
• This decrease is well within 1 SD of the Nl range of UNaV, i.e. NS change
• Discordance between decrease in food exposure to decrease UNaV
• Suggests population shifted to foods higher in Na+ or ate more calories 
• With dramatic reduction in food Na+, but NS change in intake – campaign was 

not successful



NATIONAL DIET AND NUTRITION SURVEY
ASSESSMENT OF DIET SODIUM (24 Hr UNaV)

Adults 19-64 Years –England 2005-2014

UK- Medical Research Council 

N = 3209
P for Trend   N.S. 



UNaV Range Defined in NIH’s
Trial of Hypertension Prevention II

Protocol Na+ Goal: 85 mmols/day

Actual Achieved UNaV ….mmols/day

Na+ Reduction Only                  Na+ Reduction + Wt Loss

Baseline                         186.1 179.3

6  Months                       108.1 115.0

18 Months                       127.5      134.9

36 Months                       135.2 145.8

Appel et al Archive Int Med, 1997

TOHPS II Failed to reduce Na+ below the lower limit of human intake…..110 mmols/d
Over the following 30 mo. Na+ regressed to within the mean human intake …140 mmols/d
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UNaV in TOHP II – REGRESSION TO THE MEAN
NIH’s Largest Sodium Reduction Trial 

PROTOCOL GOAL…..85 mmols/d (2.0 gm/d)

112 mmols/d @ 6 mos

130 mmols/d @ 18 mos

140 mmols/d @ 36 mos

Protocol Goal …..85 mmols/d



Richter induced need states in experimental animals by depriving them of substances 
essential to survival, or manipulating the hormone levels, and showed that these need 
states generate appetites, and behaviours precisely fitting the animal's need 

Curt Richter – 1936
Neural Control of Sodium Appetite



CAN POLICY TRUMP PHYSIOLOGY ?



NEURO-PHYSIOLOGY OF 
SODIUM APPETITE

Geerling and Loewy Exp Physol: 2008



ALDOSTERONE SENSITIVE NEURONS
ACTIVATION BY Na+ DEPRIVATION

SODIUM DEPRIVATION SODIUM REPLETION

Geerling et al: 
J.Neurosci; 2006



December 6, 2016



INDEX REPORT OF INCREASED CVD 
WITH INCREASED RENIN AND LOWER Na+

Brunner …Laragh: NEJM 1972



Dr. Michael Alderman’s Contribution
The J Shape Na+ / Mortality Relationship

• Hypertension – 1995  NIH Worksite project
• Lancet – 1998 An analysis of NHANES I
• Am J Med – 2006 An analysis of NHANES II
• J Gen Int Med – 2008 An analysis of NHANES III
• Am J Hyperten – 2014 Meta-analysis 23 Trials



Bar graphs show incidence of myocardial infarction according to quartile of urinary sodium 
excretion and age, race, and left ventricular hypertrophy (LVH) in men.

Alderman M H et al. Hypertension. 1995;25:1144-1152

Copyright © American Heart Association, Inc. All rights reserved.



INCREASED CVD DEATHS WITH LOWER SODIUM 
IN HEALTHY ADULTS

110 mmols/d

196 mmols/d

255 
mmols/d

Stolarz-Skrzypek et al: JAMA; 2011

N = 3681



LOWER Na+ INTAKE INCREASES CHD EVENTS

CURRENT U.S.GUIDELINE FOR CHF  <1500 mg/d

“Normal Range - CHF ”

O’Donnell et al: JAMA; 2011

WORLDWIDE  MEAN = 3.75  and range  2.7 to 4.9  gm/d 

CURRENT U,S GUIDEINE  HEALTHY < 2300 MG/D



< 1500 mg/d

< 2300 mg/d

>2800-5000< mg/d

DM I – Na+ Intake
All-Cause Mortality
Diabetes Care 2011 

Na+ Intake & CVD Events
Death, MI, CHF, Stroke

JAMA 2011 

Na+ Intake & Risk of 
CHF

Euro J Ht Fail 2014 

Lower UNaV and Increased CVD Risk 



SODIUM EXCRETION - RISK OF CVD DEATH OR EVENT
ADAPTED  FROM: O’DONNELL: NEJM; 2014

Risk increases at <160 mEq/d or 3.7 gm/d

WHO Upper Limit <2.O gm/d: 70% Associated Increased Risk   

U.S. Upper Limit < 1.5 gm/d: 300% Associated increased Risk   



PURE STUDY: N=101,000
24 hr UNaV – CVD EVENTS AND DEATH

O”DONNELL et al: NEJM; 2014



Mente et al: Lancet 05/2016



NEILS GRAUDAL AND FRIEND’S
FAVORITE TOPIC



META-ANALYSIS: STUDIES OF
HEALTH OUTCOMES AND UNaV
23 cohort studies and 2 follow-up studies (N=274,683)

• All-cause mortality was consistently reduced in usual     
sodium vs low sodium: 

• HR = 0.86,  CI 0.81-0.92, P < 0.0001
• All-cause mortality was not increased in high sodium vs

usual sodium:
• HR = 1.04,  CI 0.91-1.18, P = NS

• Consistent with J shape curve-increased mortality at sodium 
intakes less than 2800-3000 mg/day

• Mortality was present in CVD and healthy subjects

Graudal et al: American J. Hypertension; 2014 



SALT INTAKE WORLWIDE:
WHAT WE KNOW TODAY

• Consistent 24 hr UNaV data available from:

• 66 countries and their diverse food cultures

• Spanning 5 decades and changes in food supply

• Demographically represents of 75% of the world’s population

• Reproducible range / mean of human intake

• Range 2.6 to 5.5 gm/d

• Mean 3.7 to 4.4 gm/d

• East Asian populations have higher intakes

• Range 4.8 to 7.0 gm/d

• China highest at mean of 5.6 gm/d

• Lower limit (2550 mg/d) confirmed in 2 NIH RCT 



SCIENCE vs POLITICS

The salt controversy is the “number one 
perfect example of why science is a 
destabilizing force in public policy.”

Sanford Miller, M.D.
Former Deputy FDA Commissioner, Foods
Science, 8/14/98

Taubes, Science; 1998



HEALTH AFFAIRS; DECEMBER, 2012



“Unfortunately there are no large randomized controlled trials 
comparing low sodium intake (< 3 gm/d) to moderate sodium intake (3-
5gm/d) in the general population to determine the net clinical effects of 
low sodium intake…… This working group calls for the completion of 
large definitive clinical trials to clarify the range of sodium intake for 
optimal cardiovascular health within the moderate to low sodium 
range.”





The Idea Subjects for a Salt Study? Maybe Prisoners
Leading scientists propose to track salt’s effects on health by controlling 

how much is given to inmate volunteers.

NEW  YORK TIMES 
By Gina Kolata

June 4, 2018

http://www.nytimes.com/by/gina-kolata


Facts are stubborn things; and whatever may 
be our wishes, or inclinations, or dictates of 
our passion, they cannot alter the state of 
facts and evidence.

John Adams, 1770



“….only a raccoon can eat an egg without salt…”

Ronald Reagan
Parade Magazine – mid-1980’s








