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ABSTRACT
Compelling epidemiological, experimental and clinical data has established that excess salt intake is associated with a higher
cardiovascular morbidity and mortality. Several prospective cohort studies and clinical outcome trials have recognized the reduced
risk of cardiovascular disease associated with a lower salt intake. The major benefits appear to accrue from a reductions in blood
pressure as a result of salt restriction. As a result, efforts are being made by several countries to reduce the salt intake from the
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decline in major cardiovascular events, prevention of millions of premature deaths and massive healthcare savings worldwide. Two
recent reports have however questioned the validity of severe salt restriction and present persuasive data recommending a
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1. INTRODUCTION
There is overwhelming evidence from animal, epidemiological and human interventional studies that dietary salt is the major
contributor to high blood pressure (Elliott et al, 1996) Elevated blood pressure is a major cause of cardiovascular disease and is
estimated to be responsible for 62% of stroke and 49% of coronary heart disease worldwide, (WHO, 2002) and 10% of all global
healthcare spending. Since cardiovascular disease is the leading cause of death and disability worldwide, (WHO) reduction in blood
pressure should positively impact the scourge of cardiovascular events and deaths. (Stamler, 1997) Emerging data suggests that a
reduction in salt intake results in mild decreases in blood pressure (Sacks et al, 2001) and the resultant decreases in cardiovascular
morbidity and mortality. (Taylor et al, 2001) Although these reductions are modest, the benefits accrued in reduced cardiovascular
events and deaths in large populations could be enormous. (He et al, 2002)  A 10% reduction in salt intake will translate to an almost
3% reduction in cardiovascular deaths worldwide. (Gaziano, 2012) It would also reduce millions of non-fatal heart attacks and
strokes. There are also the added benefits of an enhanced blood pressure control and the reduced need for pharmaceuticals.
(Whelton et al, 1998; MacGregor et al, 1987) The quality of life would improve for millions. The anticipated healthcare savings are
also tremendous. (Palar et al, 2009) However individual restrictions have been difficult to adhere to, and some reports have
questioned the benefit of universal intensive salt restriction. (Alderman, 2004, Stolarz-Skrzypek et al, 2011)  Overall, the
overwhelming data does favor a modest dietary salt reduction, and this could be achieved by regulations aimed at a gradual
decrease in salt in processed and cooked foods sold in grocery stores and restaurants.

2. DISCUSSION
The association between sodium intake and health has been noticed over a century ago. (Ambard et al, 1904) The major source of
sodium in the diet is from common salt (NaCl). The terms salt and sodium are often used synonymously, although, on a weight
basis, salt comprises 40% sodium and 60% chloride; 1 g of sodium is equivalent to 2.55 g of salt; 1 mmol of sodium is equivalent to
23 mg of sodium; and 1 g of salt is equivalent to 17 mmol of sodium (SACN, 2003; Eaton et al, 1985) The easy commercial
availability of salt has increased the daily intake from less than 0.25g to almost 10 g and has greatly contributed to the growing
scourge of cardiovascular diseases worldwide. (Chockalingam et al, 1999) Restricting salt intake in the industrialized countries from
8–12 g/d to 5–6 g/d has been recommended for hypertensive individuals for many years by the World Health Organization (WHO,
2006) and many medical societies. (Chobanian et al, 2003; ESC, 2003)These recommendations are now being extended to the
general non-hypertensive population, (Dickenson et al, 2007) while stricter restrictions are being mulled for hypertensives.

2.1. Salt and Hypertension
Animal studies have shown that increasing salt intake results in an increase in blood pressure. (Denton et al, 1995; Elliott et al, 2007)
The main evidence for the association between high intakes of salt and BP relates to sodium content of the salt. (Stamler, 1997)
Several epidemiological studies in human populations have revealed that populations with little salt intake have lower blood
pressures and do not develop hypertension as they age. (Uzodike, 1993; Mancilha-Carvalho et al, 1989; Page et al, 1981; Pavan et al,
1999) Migration studies have also established an association with increased salt intake with the development of hypertension. (He et
al, 1991; Poulter et al, 1990) A large prospective international study has confirmed the salt intake-hypertension relationship.
(Stamler, 1997) Overall, consensus dictates that salt restriction has a salutary effect on hypertension. (Ebrahim et al, 1998)

2.2. Salt and IHD
Several studies have found an association with excess salt intake and an increase in coronary heart disease. (Strazzullo et al, 2009)
Studies also demonstrate a reduction with a restriction in salt intake. (Fung et al, 2008) It has been estimated that the reductions in
systolic/diastolic blood pressure of 7/4 mm Hg in people with hypertension and 4/2 mm Hg in those without hypertension would
result from a salt reduction to 6 g per day. (He et al, 2002) At the population level these reductions in blood pressure could predict
an average lower rate of 18% for coronary heart disease. (He et al, 2003)

2.3. Salt and Stroke
Higher stroke events have been linked to an increase in salt intake. (Nagata et al, 2004; Yamori et al, 1994) At the population level,
reductions in blood pressure associated with salt restriction are expected to lower the stroke rate by about 24%. (He et al, 2003)

2.4. Salt and Left Ventricular Hyperterophy
Excess salt intake has been associated with increases in left ventricular muscle mass. (Schmieder et al, 1988)
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2.5. Salt and Heart Failure
Salt restriction is traditionally recommended in patients with heart failure. (Hunt, 2005) However, a normal salt intake appears to
improve outcomes in patients with compensated congestive heart failure and sodium depletion may result in detrimental renal and
neuro-hormonal effects. (Paterna et al, 2008) The role of sodium restriction in heart failure patients is under question. (Michael et al,
2010)

2.6. Salt and Arterial Stiffness
Excess salt intake is associated with a reduction in arterial compliance and raised pulse pressure. (Cailar et al, 2004)

2.7. Salt and Edema
A high sodium intake may actually reduce edema by inducing a relative fluid shift from the interstitial into the intravascular space.
(Heer et al, 2000) However, most recommendations are to decrease salt intake to relieve edema.

2.8. Salt and Other diseases
Salt intake has also been associated with some non-cardiovascular adverse effects. (Antonios, 1996)

2.8.1. Salt and the kidneys
Salt has multiple effects on the renal system. Excess intake is initially associated with increased glomerular filtration rate, and later
with glomerulosclerosis. (Mallamaci et al, 1996) There is an increased micro-albuminuria, (Ribstein et al, 2002) while rat studies have
shown a tendency towards the development of renal fibrosis (Yu et al, 1998)

2.8.2. Salt and stomach cancer
Salt and salt preserved foods increase the risk of gastric cancer. (Takahashi et al, 1985; Negri et al, 1990) Salt increases gastric
irritation and this may increase the risk of infection by Helicobacter pylori. (Beevers et al 2004) H. pylori infection has been linked to
an increase in the risk of gastric cancer. (Kato et al, 2006; Nozaki et al, 2002)

2.8.3. Salt and other conditions
A high salt intake has been associated with a weakened baro-receptor reflex (Creager et al, 1991) and decreased myocardial fibrosis
in experimental rat studies. (Yu et al, 1998)  A high salt intake affects urinary calcium excretion and this may have implications on
bone health. (Nordin et al, 1993)

2.9. Salt and mortality
An inverse relationship was seen by the NHANES II Study between salt intake and mortality. (Cohen et al, 2006) This was also
suggested in the NHANES III Study. (Cohen et al, 2008) Some models also suggest that in large population groups consisting of
normotensive, pre-hypertensive and hypertensive people, salt restriction leads to an improvement cardiovascular and all cause
mortality. (Bibbins-Domingo et al, 2010)

2.10 Benefits of salt restriction
Several well-controlled clinical trials have provided strong evidence that reduction of sodium intake lowers arterial pressure in
hypertensive, prehypertensive and normotensive people, (Sacks et al, 2001; He et al, 2004; Whelton et al, 1998)  reducing the need
for anti-hypertensive medications. The benefits also stretch to cardiovascular outcomes: prospective epidemiological studies have
shown that a lower salt intake is related to a lower risk of stroke, (Nagata et al, 2004) coronary heart disease, (Tuomilehto et al, 2001)
LV hypertrophy (Kupari et al, 1994; Simpson, 1988) and renal disease. (Kayikcioglu et al, 2009; Ozkahya et al, 3006; Maduell et al,
2001) Salt reduction also decreases aortic stiffness. (Avolio et al, 1986) Although the effect of salt reduction on cardiovascular deaths
is extrapolated from blood pressure data, (He et al, 2003; PSC, 2002) there is some evidence that increased salt intake may be
independently contributing to a higher cardiovascular mortality. (He et al, 1999; Tuomilehto et al, 2001) Salt restriction also helps
chronic renal disease and proteinuria. (Cianciaruso et al, 1998; Swift et al, 2005; Ritz et al, 2008)

2.11 Dangers of severe salt restriction
A recent report from Dr. Staessen and colleagues revealed that the association between systolic pressure and sodium excretion did
not translate into less morbidity or improved survival. On the contrary, low sodium excretion predicted higher cardiovascular
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2.11 Dangers of severe salt restriction
A recent report from Dr. Staessen and colleagues revealed that the association between systolic pressure and sodium excretion did
not translate into less morbidity or improved survival. On the contrary, low sodium excretion predicted higher cardiovascular
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mortality. (Stolarz-Skrzypek et al, 2011) Restricting salt may also result in neuro-hormonal stimulation and lead to the detrimental
progression of heart failure. (Nakasato et al, 2010)  Extreme salt restriction may therefore be associated with detrimental effects.
Harmful effects of excessive salt reduction include sodium deficiency during periods of excessive heat exposure or diarrhea. It may
also lead to hypovolemia in the elderly. Extreme salt restriction could potentially stimulate the sympathetic nervous system and the
renin-angiotensin-aldosterone system. There may be increases in LDL cholesterol, triglycerides and uric acid levels in the blood and
the insulin sensitivity may be lowered. Salt restriction could also lead to an increased consumption of sugar, with its deleterious
consequences on obesity, diabetes and heart disease. (Stamler et al, 1997)

3. CONCLUSIONS
The effect of salt restriction on long term health outcomes is positive but only mild. Data is also mixed (Taylor et al, 2011, Stolarz-
Skrzypek et al, 2011) and this may be due to differential effects on blood pressure and the neuro-hormonal system. (Frohlich, 2007)
The benefits noted in clinical studies demonstrate only a small reduction in blood pressure. Overall reduction in cardiovascular
morbidity and mortality remains questionable. (Stolarz-Skrzypek et al, 2011) In some analysis, salt restriction in some cardiac
condtions may actually be detrimental. (Paterna et al, 2008) However, most computer models suggest that a widespread reduction
of salt intake should reap significant population benefits, with a decrease in major cardiovascular events (Bibbins-Domingo et al,
2010) Reduced salt intake in treated individuals may also help reduce the number and dose of drugs or obviate the need for
treatment. (Stamler et al, 1987; Neaton et al, 1993) The economic benefits to the world health care system will also be
tremendous.(Bibbins-Domingo et al, 2010; Cappuccio et al, 2011) Since individual salt restrictions are difficult to adhere to,
(Kumanyika et al, 2005) salt intake should be reduced to about 5-6 g/day from the current intake of 9–12 g/day. This appears to be a
more prudent approach and should still achieve major beneficial effects on health, along with major cost savings. Health outcomes
do not appear to be consistent with extreme lowering of dietary sodium in the general population. Since the major source of salt is
processed foods in the western countries (James et al, 1987) and from salt added during cooking in sauces or added at the table in
the eastern countries, an effective collaborative partnership between the food industry, government and healthcare organizations is
needed.
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mortality. (Stolarz-Skrzypek et al, 2011) Restricting salt may also result in neuro-hormonal stimulation and lead to the detrimental
progression of heart failure. (Nakasato et al, 2010)  Extreme salt restriction may therefore be associated with detrimental effects.
Harmful effects of excessive salt reduction include sodium deficiency during periods of excessive heat exposure or diarrhea. It may
also lead to hypovolemia in the elderly. Extreme salt restriction could potentially stimulate the sympathetic nervous system and the
renin-angiotensin-aldosterone system. There may be increases in LDL cholesterol, triglycerides and uric acid levels in the blood and
the insulin sensitivity may be lowered. Salt restriction could also lead to an increased consumption of sugar, with its deleterious
consequences on obesity, diabetes and heart disease. (Stamler et al, 1997)

3. CONCLUSIONS
The effect of salt restriction on long term health outcomes is positive but only mild. Data is also mixed (Taylor et al, 2011, Stolarz-
Skrzypek et al, 2011) and this may be due to differential effects on blood pressure and the neuro-hormonal system. (Frohlich, 2007)
The benefits noted in clinical studies demonstrate only a small reduction in blood pressure. Overall reduction in cardiovascular
morbidity and mortality remains questionable. (Stolarz-Skrzypek et al, 2011) In some analysis, salt restriction in some cardiac
condtions may actually be detrimental. (Paterna et al, 2008) However, most computer models suggest that a widespread reduction
of salt intake should reap significant population benefits, with a decrease in major cardiovascular events (Bibbins-Domingo et al,
2010) Reduced salt intake in treated individuals may also help reduce the number and dose of drugs or obviate the need for
treatment. (Stamler et al, 1987; Neaton et al, 1993) The economic benefits to the world health care system will also be
tremendous.(Bibbins-Domingo et al, 2010; Cappuccio et al, 2011) Since individual salt restrictions are difficult to adhere to,
(Kumanyika et al, 2005) salt intake should be reduced to about 5-6 g/day from the current intake of 9–12 g/day. This appears to be a
more prudent approach and should still achieve major beneficial effects on health, along with major cost savings. Health outcomes
do not appear to be consistent with extreme lowering of dietary sodium in the general population. Since the major source of salt is
processed foods in the western countries (James et al, 1987) and from salt added during cooking in sauces or added at the table in
the eastern countries, an effective collaborative partnership between the food industry, government and healthcare organizations is
needed.
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mortality. (Stolarz-Skrzypek et al, 2011) Restricting salt may also result in neuro-hormonal stimulation and lead to the detrimental
progression of heart failure. (Nakasato et al, 2010)  Extreme salt restriction may therefore be associated with detrimental effects.
Harmful effects of excessive salt reduction include sodium deficiency during periods of excessive heat exposure or diarrhea. It may
also lead to hypovolemia in the elderly. Extreme salt restriction could potentially stimulate the sympathetic nervous system and the
renin-angiotensin-aldosterone system. There may be increases in LDL cholesterol, triglycerides and uric acid levels in the blood and
the insulin sensitivity may be lowered. Salt restriction could also lead to an increased consumption of sugar, with its deleterious
consequences on obesity, diabetes and heart disease. (Stamler et al, 1997)

3. CONCLUSIONS
The effect of salt restriction on long term health outcomes is positive but only mild. Data is also mixed (Taylor et al, 2011, Stolarz-
Skrzypek et al, 2011) and this may be due to differential effects on blood pressure and the neuro-hormonal system. (Frohlich, 2007)
The benefits noted in clinical studies demonstrate only a small reduction in blood pressure. Overall reduction in cardiovascular
morbidity and mortality remains questionable. (Stolarz-Skrzypek et al, 2011) In some analysis, salt restriction in some cardiac
condtions may actually be detrimental. (Paterna et al, 2008) However, most computer models suggest that a widespread reduction
of salt intake should reap significant population benefits, with a decrease in major cardiovascular events (Bibbins-Domingo et al,
2010) Reduced salt intake in treated individuals may also help reduce the number and dose of drugs or obviate the need for
treatment. (Stamler et al, 1987; Neaton et al, 1993) The economic benefits to the world health care system will also be
tremendous.(Bibbins-Domingo et al, 2010; Cappuccio et al, 2011) Since individual salt restrictions are difficult to adhere to,
(Kumanyika et al, 2005) salt intake should be reduced to about 5-6 g/day from the current intake of 9–12 g/day. This appears to be a
more prudent approach and should still achieve major beneficial effects on health, along with major cost savings. Health outcomes
do not appear to be consistent with extreme lowering of dietary sodium in the general population. Since the major source of salt is
processed foods in the western countries (James et al, 1987) and from salt added during cooking in sauces or added at the table in
the eastern countries, an effective collaborative partnership between the food industry, government and healthcare organizations is
needed.
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