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China (2,500 years bc)

• “Too much salt in food, 
pulse becomes 
stronger”

Nei Ching
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Effect of salt intake on blood pressure 

in chimpanzees
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Across population blood pressure differences for a 

urinary sodium excretion change of 100 mmol/day

INTERSALT Study
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Whitin population blood pressure differences for a 

urinary sodium excretion change of 100 mmol/day.

INTERSALT Study
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Systolic BP distribution among Luo 

natives in Kenia depending on 

migration to army
40mmol/24h differences in Na+ excretion
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Combined 

effects of DASH 

diet and sodium 

restriction on 

blood pressure

Sacks FM, et al. N Engl J Med 2001



Meta-analysis of trials of salt 

restriction. BP-lowering effects
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Impact of Dietary Salt Restriction in Patients With Resistant 

Hypertension
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Meta-analysis of trials of salt 

restriction. BP-lowering effects

Studies in diabetic subjects
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Meta-analysis of prospective studies of 

sodium consumption and stroke incidence

Strazzullo P, et al. BMJ 2009



Meta-analysis of prospective studies of 

sodium consumption and CVD incidence

Strazzullo P, et al. BMJ 2009



Na intake and mortality in type 1 DM. 

The FinnDiane Study

2807 type 1 DM without ESRD
Thomas MC, et al. Diabetes Care 2011



Na intake and development of ESRD in type 1 DM. 

The FinnDiane Study

Thomas MC, et al. Diabetes Care 2011



Inverse relationship of Na intake and 

mortality in type 2 diabetics

638 patients from a single centre in Australia Ekinci EI, et al. Diabetes Care 2011



Effects of Low salt and High salt on lipids 

and hormones
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Low-sodium diet reduces insulin 

sensitivity

Petrie JR, et al. J Clin Endocrinol Metab 1998



Problems in sodium epidemiology

• Measurement error:
– Sodium intake varies from one day to another

– The source of sodium depends on cultural habits 
(processed food, adding salt when cooking)

– When compared to 24-h Na urine excretion, all 
measurements are inaccurate

• Collinearity (confounding factors)
– Na intake is associated with energy intake, as well 

as other nutrients (K, Ca, Mg, etc)

• Reverse causality
– Studies in sick people are more prone to show an 

association of low Na intake and high mortality 
(patients are in a more advanced illness state)



Sodium intake and mortality
NHANES I
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Trials of Na reduction and 

incidence of CV events

He FJ, et al. Lancet 2011



Beyond blood pressure and cardiovascular disease

• LVH regression
– Jula AM, et al. Circulation 1994

• Proteinuria reduction
– Weir MR, et al. Hypertension 1995

• Hypercalciuria and kidney stone formation reduction
– Sakhaee K, et al. J Urology 1993

• Osteopenia reduction
– Devine A, et al. Am J Clin Nutr 1995

• Gastric cancer protection
– Joossens JV, et al. Int J Epidemiol 1996

• Antihypertensive drug treatment potentiation (except DHP)
– Weir MR, et al. Hypertension 1998

• Less potassium loss induced by diuretic treatment
– Ram CVS, et al. Arch Intern Med 1981
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The blood pressure response to salt intake 

varies among individuals. 
24-hour blood pressure change in 82 hypertensive subjects 

switching from 20 mmol/day to 260 mmol/day sodium intake
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Effect of salt intake on plasma norepinephrine 

depending on salt sensitivity
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Increased insulin resistance in SS hypertension

Measurement of SS and IR by gold standard methods
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p=0.016



Salt sensitivity and nocturnal fall in BP
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Salt sensitivity and LVH
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ENDOTHELIUM-DEPENDENT VASODILATION IN 

SALT-SENSITIVE AND SALT-RESISTANT PATIENTS

0 0.15 0.45 1.5 4.5 15

0

10

20

30

40

* P=0.005

*

Salt sensitive

Salt resistant

Acetylcholine (µg/100mL tissue/min)

F
o

re
a
rm

 b
lo

o
d

 f
lo

w
(m

L
/1

0
0
m

L
 t

is
s
u

e
/m

in
)

Bragulat, De la Sierra et al. Hypertension 2001



CARDIOVASCULAR EVENTS AND MORTALITY IN 

SALT SENSITIVE AND SALT RESISTANT 

HYPERTENSIVES

Morimoto. Lancet 1997; 350:1734
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Closing remarks

• Excessive salt consumption is responsible for BP elevation and 
hypertension development. Salt restriction reduces BP values. 
This effect is not blunted in the diabetic population.

• There is some controversy regarding salt consumption and CV 
(and renal) morbidity/mortality. Methodological problems 
(accuracy, confounders and reverse causalty) seem to play an 
importan role in the interpretation of findings. 

• The BP response to salt is heterogeneous in the general 
population. Salt sensitivity is associated with organ damage and 
blunted (or paradoxal) hormonal responses to salt loading.

• Nutritional advice to reduce sodium intake (if administered as 
sodium chloride) to less than 1.5 g/day seems to be adequate.


