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Preface
High blood pressure is common in the UK. It is a major risk
factor for cardiovascular disease and premature death.
Reducing the average salt intake of the population is likely
to decrease the burden of high blood pressure and improve
public health.
Sodium is an essential nutrient and salt is the major source
of sodium in the UK diet. Most people, however, consume
more sodium than is required. The latest available data show
that habitual levels of salt intake are high for both adults and
children. For adults, average intake is two and a half times
the reference nutrient intake for sodium. Although accurate
data are not available for children, conservative estimates
indicate that, on a body weight basis, the average salt intake
of children is higher than that of adults.
In 1994, the Committee on Medical Aspects of Food and
Nutrition Policy (COMA), in a review of nutritional aspects
of cardiovascular disease, made a recommendation to
reduce the average salt intake of the population from
9g/day to 6g/day which has also been endorsed by the
Chief Medical Officer of England. The present report has
been prepared in response to a request, from the Food
Standards Agency and the Chief Medical Officer of Wales,
for a risk assessment of salt by the Scientific Advisory
Committee on Nutrition (SACN). The evidence published
since 1994 has been appraised, in a methodological fashion,
to assess whether the previous recommendation to reduce
salt intakes in the population remains valid. It is the first time
that an expert committee has specifically undertaken a
review of the evidence on salt and health in the UK.
i
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There is now a larger body of evidence, which draws an
association between salt consumption and blood pressure.
SACN has concluded that the habitual salt intake of the
population raises the risk of high blood pressure, which in
turn increases the risk of stroke and premature death from
cardiovascular diseases. The risk increases with age and is
not simply a feature of those with the highest salt intakes or
the highest levels of blood pressure but graded and evident
across a range of salt intakes that are habitual in the UK.
The report accepts the previous recommendation for a
reduction in the population average intake of salt to 6g per
day for adults and for the first time has set targets for
children which are proportionate to their needs. Meeting
these targets would be of major benefit to public health.
Even a small reduction in salt intake could help to reduce
the burden of high blood pressure in our population.
A public health approach to reducing salt levels is required.
A targeted approach to salt reduction by health
professionals dealing with patients with diagnosed
hypertension, by itself, may not be enough.
The draft of this report was made available for comment
and I thank all those who responded. The comments were
carefully considered during finalisation of the report. The
responsibility of SACN is for an assessment of risk. Many of
the comments received during the consultation related to
the management or communication of risk, and hence were
outside the remit of the committee.

ii
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It is for the Government to consider the action required to
achieve the recommended reductions in the salt intake of
the population. Achieving these targets will not be easy, as a
substantial reduction in salt intake is required. This will entail
a sustained, gradual reduction in the salt content of food
over a number of years.
Most salt in the diet does not come from addition to food
in the home by consumers but from processed foods. This
makes it extremely difficult for individuals to reduce their
own salt intake and to maintain a reduced intake over any
length of time. Key to achieving a sustained salt reduction
for public health benefit is the engagement of the food
industry (manufacturers, retailers and caterers). All
consumers, including children, need more information on
salt and sodium, particularly on the adverse health effects
of excessive salt consumption, to enable them to make
healthy dietary choices and reduce salt in their diet.
The Committee also identified the need for improving the
existing evidence base, which might facilitate salt reduction
strategies, particularly on:

• how patterns of salt intake vary across and within groups
of the population;

• the contribution home prepared meals and foods eaten
outside the home make to overall salt intakes in the UK;

• the processing techniques and new technologies that can
help to reduce salt content of foods whilst maintaining
safety and palatability.

iii
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The potential public health rewards of salt reduction at a
population level through lowering the salt content of
manufactured foods has international support. There is
compelling evidence that this is an effective and appropriate
means to reduce the public health burden of cardiovascular
disease to society and the risk of ill health to individuals.

Professor Alan Jackson
Chair of the Scientific Advisory Committee on Nutrition
April 2003
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Summary
Background
Increased blood pressure, or hypertension, is the most
common outcome that has been associated with high levels
of salt intake. Hypertension is a major risk factor in the
development of cardiovascular disease. The relative risk of
cardiovascular disease increases as blood pressure rises even
within what is considered the normal range of blood
pressure, indicating that large numbers of people are at risk.
Although the key evidence for the association between high
salt intakes and blood pressure relates to sodium, the major
dietary source of sodium is salt. The relationship between
salt and blood pressure was previously considered in 1994 by
the Committee on Medical Aspects of Food and Nutrition
Policy (COMA) as part of their report on Nutritional Aspects
of Cardiovascular Disease. COMA recommended a
reduction in the average intake of salt by the adult
population from 9g to 6g per day. A similar proportionate
reduction in the salt content of children’s diets was
recommended, but insufficient data were available to
enable quantification.
The Scientific Advisory Committee on Nutrition (SACN) was
asked by the Food Standards Agency and the Chief Medical
Officer of Wales to review the evidence since 1994 and to
consider making recommendations for children.

1
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Methodology
The key issues for consideration were: physiological
requirements for sodium; salt sensitivity; effects of salt on
blood pressure; and morbidity and premature mortality
outcomes. The framework for risk assessment developed by
SACN (2002), was used as a template to identify and
evaluate the available evidence.

Main findings
Physiological requirements for sodium:

• No basis was found for a revision of the 1991 Dietary
Reference Values for sodium or to change the 1994
COMA recommendation for a target salt intake of 6g/day
(2.4g/100 mmol sodium) for the adult population. 6g is
higher than the Reference Nutrient Intake (RNI) and
substantially greater than the salt intake required to
maintain the sodium content of the body.

• The RNI values previously agreed by COMA (1991) for
infants and children were accepted and used as a basis to
set the daily target average salt intakes. These were: less
than 1g/day for 0-6m; 1g/day for 7-12m; 2g/day for 1-3y;
3g/day for 4-6y; 5g/day for 7-10y; 6g/day for 11-14y.

• The target salt intakes set for adults and children do not
represent ideal or optimum consumption levels, but
achievable population goals.
Salt sensitivity

• There is no agreed definition or clinical criteria to identify
salt sensitivity. The greatest benefits are likely to be
achieved by taking a population approach to reducing salt
intakes, rather than through individual targeted advice.
2
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Effects of salt on blood pressure

• Since 1994, the evidence of an association between
dietary salt intakes and blood pressure has increased. The
data have been consistent in various study populations
and across the age range in adults.

• The greatest reductions in blood pressure are observed
when a diet rich in fruits, vegetables, and low-fat dairy
foods, and reduced in saturated and total fat, is combined
with a low salt diet.

• Long-term effects of dietary advice to reduce dietary salt
levels show that significant effects of salt reduction on
lowering blood pressure at 6 months are not sustained
over time. This reflects the difficulties faced by
individuals in lowering salt intake, as most dietary salt
originates from processed food.
Morbidity and premature mortality outcomes

• There are insufficient reliable data on long-term effects
of salt on cardiovascular disease outcomes to reach clear
conclusions.

• Evidence suggests that high salt intake causes left
ventricular hypertrophy, a strong risk factor for
cardiovascular disease, independently of blood pressure
effects.

• While high salt intakes have been associated with
detrimental effects on bone health, there are insufficient
data to draw firm conclusions.
Children

• There is a lack of data for effects of salt intake in
childhood on cardiovascular health.
3
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• Data on the contribution of dietary salt to raised blood
pressure in children is limited and it is unclear whether
sodium intake in isolation is a factor in the development
of hypertension in the young which then tracks into
adulthood.

• The evidence suggests long-term consumption of salt by
children at levels currently habitual for adults being
potentially harmful in later life; it would therefore be
inadvisable for children to become accustomed to this
level of consumption.
Conclusions

• Reducing the average population salt intake would
proportionally lower population average blood pressure
levels and confer significant public health benefits by
contributing to a reduction in the burden of cardiovascular
disease.

• To achieve the recommended levels of salt intake for
adults and children, a substantial reduction in the current
average salt intake of the population is required. This
would be best achieved using a population-based
approach through the adoption of a healthy balanced
diet, which is low in salt and saturated and total fat, and
rich in fruit, vegetables, and complex carbohydrates.

• A reduction in the salt content of processed food
and drinks is necessary which requires the continued
co-operation of food manufacturers, retailers, and
caterers.

4
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Scientific Advisory
Committee on Nutrition:
Salt and Health
Background

1.1

High levels of salt intake have been associated with raised
blood pressure, also known as hypertension.

1.2

The relationship between salt and blood pressure was
previously considered by the Committee on Medical Aspects
of Food and Nutrition Policy (COMA) in 1994, which
recommended a target for reduction in the population
average intakes of salt to 6g per day for adults (DH1, 1994). The
Government continues to receive representations from
interested parties regarding the extent to which the evidence
since 1994, on salt intake and health, has been appraised.

Terms of reference
1.3

In September 2001, the Scientific Advisory Committee on
Nutrition (SACN2) was asked by the Food Standards Agency,
supported by the Chief Medical Officer (CMO) of Wales, to:

• review

the evidence since the 1994 COMA
recommendations on salt intake, taking into account the
submissions that had been received from interested
parties;

• consider making recommendations for children.
1 Department of Health
2 SACN succeeded COMA in 2001

5
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1.4

A Salt Subgroup, comprising members from SACN, was
established to take this work forward.

Methodology

6

1.5

Taking account of submissions received from interested
parties (listed in Annex 1), key issues for consideration were
identified. These were: physiological requirements for
sodium; salt sensitivity; effects of salt on blood pressure;
and morbidity and premature mortality outcomes.

1.6

The framework for risk assessment developed by SACN
(2002), which recognises the contribution of different types
of studies in providing different kinds of information, was
used as a template to identify and evaluate the available
evidence since 1994. Evidence from different types of
studies was considered in order to make an overall
assessment. For example, long-term studies provide
information about compliance, effectiveness, and adaptive
responses to changes in dietary intake; short-term studies
are useful for assessing physiological responses; whilst
animal data are helpful for examining possible mechanisms
and enable dose response evaluations.

1.7

Greater weight was placed on studies that had determined
sodium intake by measuring sodium excretion from 24-hour
urine collections, as this is the most accurate way to assess
salt intake. Dietary intake methods could not be considered
as reliable since salt added during cooking or at the table is
not always taken into account, and because of measurement
errors associated with these methods.

Scientific Advisory Committee on Nutrition

1.8

Most of the recent published evidence regarding
physiological requirements for sodium related to high
intakes, with few data available on low intakes. It was
therefore necessary to refer to studies published before
1994 for consideration of a minimum safe intake.

1.9

The information sources and search terms used for
identifying relevant studies, the full list of studies that were
examined, and the procedures for finalisation of the report,
can be found in Annex 2.

7
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2 Introduction
2.1

The key evidence for the association between high dietary
intakes of salt and blood pressure relates to sodium. The
major source of sodium in the diet is from salt (sodium
chloride); therefore, in practical terms, any recommendation
for sodium reduction will translate into salt reduction. The
terms salt and sodium are often used synonymously,
however, on a weight basis, salt comprises 40% sodium and
60% chloride3.

Dietary exposure to salt

8

2.2

Sodium is present in plant and animal derived foods as well
as drinking water. As salt, it is added to foods during
processing, cooking, and at the table. The main reasons for
addition of salt in food manufacture are for flavour, texture
and preservation. Major dietary sources of sodium are from
salt added during the processing and manufacture of foods
(non-discretionary) and salt added to food during cooking
and at the table (discretionary).

2.3

It is estimated that about 15-20% of total dietary sodium
intake is from discretionary sources. Naturally occurring
sodium in unprocessed foods contributes approximately 15%
of total sodium intake. Therefore manufactured foods
contribute about 65-70% of dietary sodium (British Nutrition
Foundation, 1994).

2.4

The main sources of sodium from foods and the
contribution of each to the salt intake for adults and
children are listed in Annex 3. Cereals and cereal products

3 1g of sodium is equivalent to 2.55g salt (2.5g is used by industry for labelling
purposes); 1 mmol sodium is equivalent to 23mg sodium.
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(which include bread, breakfast cereals, biscuits, cakes and
pastries) provide nearly 40% of average intake, and meat and
meat products contribute approximately 21% to average
intake.
2.5

Assessments of patterns of salt consumption by population
groups or individuals over time are not available. The
National Food Survey (NFS) does however provide
information on household food consumption. A comparison
of the 1994 NFS (MAFF4, 1995) and the 2000 NFS (DEFRA5,
2001) shows that the contribution made by processed foods
to the total household intake of salt was 83% in 1995 and
86% in 2000. There are no robust data on the amount of salt
consumed outside the home, but this could be substantial
for some groups.

2.6

The most accurate method to determine salt intake (dietary
exposure) is from complete 24-hour urine collections.
Measurement of intake from dietary assessment methods
alone is considered unreliable. For adults, Gregory et al
(1990) found that assessment from food records, compared
to measurements from 24-hour urine collections,
underestimated salt intakes by 19%. Although salt intake is
more accurately measured using 24-hour urine collections,
even these do not measure absolute amounts unless results
have been corrected using a marker for completeness of
collections (Bingham & Cummings, 1985; Bingham et al, 1988).

2.7

Three national dietary surveys provide information on the
salt intakes of the UK population: the 1987 Dietary and
Nutritional Survey of British adults (Gregory et al, 1990); the
1997 National Diet and Nutrition Survey (NDNS) of young

4 Ministry of Agriculture, Fisheries & Food.
5 Department of Environment, Food & Rural Affairs.

9
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people (Gregory et al, 2000); and the 1994/5 NDNS of
people aged 65 and over (Finch et al, 1998).
2.8

The adult survey (Gregory et al, 1990), which utilised 24-hour
urine collections, reported an average daily salt intake of 9g
(3.6g/150 mmol sodium). Average sodium excretion for men
was 173 mmol (4.2g sodium/10.4g salt) and 132 mmol (3.2g
sodium/7.9g salt) for women.

2.9

The 1997 NDNS of young people (Gregory et al, 2000),
based on dietary intake, provides data on average salt
intakes for 4-18 year-olds which are set out in Table 1.
Table 1: NDNS data on average daily sodium intakes from food
consumed by young people (4-18yrs)
Age
(years)

10

Male
Sodium

Female
Sodium

g/d (mmol/d)

Estimated
Salt
g/d

g/d (mmol/d)

Estimated
Salt
g/d

4-6

2.07 (90)

5.3

1.86 (81)

4.7

7-10

2.40 (105)

6.1

2.16 (94)

5.5

11-14

2.70 (118)

6.9

2.27 (99)

5.8

15-18

3.30 (142)

8.3

2.28 (99)

5.8

2.10

The 1994/5 NDNS (Finch et al, 1998), also based on dietary
assessment, showed average salt intakes from food for
people aged 65 years and over were 6.8g/day (2.7g/
117 mmol sodium) for men and 5.3g/day (2.1g/91 mmol
sodium) for women.

2.11

The 1994/5 and 1997 surveys did not collect 24-hour urine.
Dietary methods were used to assess salt intake and salt
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added to food during cooking or at the table was not
included. Consequently, the salt intakes reported are almost
certainly underestimates of the actual amounts consumed.

Current recommendations
2.12

In their report on Dietary Reference Values (DH, 1991), for
ages 15 years upwards, COMA set a lower reference nutrient
intake (LRNI6) of 0.6g/24 mmol sodium (1.4g salt) per day
and a reference nutrient intake (RNI7) of 1.6g/70 mmol
sodium (4g salt) per day. (See Annex 4 for full range of
Dietary Reference Values for sodium across the different age
bands.)

2.13

The relationship between salt and blood pressure was more
extensively considered in COMA’s subsequent report,
Nutritional Aspects of Cardiovascular Disease (DH, 1994). It
was concluded that salt intake is an important determinant
of high blood pressure in the population as a whole, in part
by influencing the rise of blood pressure with age.

2.14

COMA recommended a reduction in the average intake of
salt by the adult population from 9g/day (3.6g/150 mmol
sodium), the level current at the time, to 6g/day (2.4g/100
mmol/sodium). Adjusting for the different caloric intakes,
this amount represents 5g/day (2g/85 mmol sodium) for
women and 7g/day (2.7g/115 mmol sodium) for men. A
similar proportionate reduction in the salt content of
children’s diets was recommended, but insufficient data
were available to enable quantification.

6 The LRNI represents the amount of a nutrient likely to meet the needs of 2.5%
of the population.
7 The RNI represents the amount of a nutrient likely to meet the needs of 97.5%
of the population.

11
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2.15

The target reduction in average salt intake recommended by
COMA, from 9g (3.6g/150 mmol sodium) to 6g (2.4g/100
mmol sodium) per day, was considered to be an achievable
goal for the UK population rather than an optimal or ideal
level of consumption. COMA agreed that a reduction of salt
intake to this level would be of demonstrable benefit to the
population (DH, 1994).

Current Government position

12

2.16

The CMO of England has endorsed the 1994 COMA
recommendation for a reduction in adult salt consumption
to 6g per day (2.4g/100 mmol sodium) (DH, 2001). The
COMA recommendation is also advocated by Health
Departments in Wales and Northern Ireland. The Diet
Action Plan for Scotland (Scottish Executive, 1996) has set a
target for reduction in average intakes of salt from 9.6g per
day (163 mmol/3.8g sodium) to 6g per day (2.4g/100 mmol
sodium) by the year 2005.

2.17

The Government accepts that there is a large body of
authoritative opinion favouring a general reduction in salt
consumption. It is actively engaged in discussions with the
food industry, including the retail, manufacturing and
catering sectors, regarding ways to broaden public choice in,
and reduce the salt content of, processed foods and
meals/foods available at catering outlets.

Scientific Advisory Committee on Nutrition

Current initiatives to reduce the salt content
of processed foods
2.18

The scope for reducing the salt content of foods is
influenced by several factors such as palatability, consumer
acceptance, and safety. In recent years, some food
manufacturers and retailers have reported significant
reductions in the salt content of certain products
(Wheelock & Hobbiss, 1999), by gradually adjusting levels
over time so that changes in taste are imperceptible. The
extent to which the catering industry has moved towards
this goal is unknown.

2.19

Low salt and lower salt options of standard products have
also become available to help broaden choice. Preference
for these products is variable, as is consumer understanding
of the role of salt in health.

2.20

Several food manufacturers and retailers have helped
improve consumer understanding about the salt content of
foods by developing Guideline Daily Amounts (GDAs8) for
use on food labels and in leaflets. The GDAs of 5g for
women and 7g for men are based on the COMA dietary
recommendations. In addition, the sodium figure provided in
the nutrition panel is converted by several retailers and
manufacturers into a salt value to make it easier for the
consumer to assess the contribution that the food makes to
their overall intake.

8 GDAs are based on the predicted daily consumption by an average adult
consumer eating a diet conforming to COMA recommendations. They are
not targets for individuals but are guidelines which provide consumers with
information to improve understanding of daily consumption of calories, total
fat and saturated fats. Some retailers also include information on salt.

13
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3 Public Health Issues
Blood pressure
3.1

Blood is pumped around the body by the left ventricle of
the heart imparting a pressure that is opposed by the
resistance of the blood vessels through which it flows. The
balance of these two opposing forces produces blood
pressure. The blood pressure in the major arteries rises and
falls as the heart contracts and relaxes. The peak, when the
heart contracts, is known as the systolic pressure and the
minimum, when the heart relaxes, as diastolic pressure.
Blood pressure is measured in terms of the height
(millimetres) of a column of mercury (Hg) which it can
support and is conventionally recorded as systolic pressure
over diastolic pressure, e.g. 120/80 millimetres of mercury
(mm Hg).

3.2

Blood pressure must be maintained within certain limits. It
needs to be high enough to ensure adequate blood flow to
the brain and other tissues, but not so high as to create extra
work for the heart and risk damage to the heart and blood
vessels.

Hypertension
3.3

14

High blood pressure (both systolic and diastolic), known as
hypertension, is an important risk factor for cardiovascular
disease (MacMahon et al, 1990). The CMO of England, in his
Annual Report (DH, 2001), highlighted that people with high
blood pressure are three times more likely to develop heart
disease and stroke, and twice as likely to die from these
diseases than those with normal levels. High blood pressure
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is both a certified cause of death and a contributory factor
in over 170,000 deaths per year in England alone.
3.4

There are two clinical classifications of hypertension.
Primary (essential) hypertension is of unknown cause and is
responsible for at least 90% of cases. In secondary
hypertension a recognised medical condition, such as kidney
disease, can be ascertained.

3.5

British Hypertension Society Guidelines (Ramsay et al, 1999)
identify important lifestyle factors that contribute to
hypertension as: high salt intake; being overweight; physical
inactivity; and excess alcohol consumption.

3.6

A relationship between salt intake and high blood pressure
has previously been acknowledged by COMA (DH, 1994).
Primary hypertension is the most common outcome that
has been associated with high levels of salt intake.

3.7

During the late 1990s the threshold for defining
hypertension was lowered, from 160 mm Hg systolic and
95 mm Hg diastolic, to 140 mm Hg systolic and 90 mm Hg
diastolic. This reflects observations from clinical trials of
blood pressure control for the reduction of major
cardiovascular events (Ramsay et al, 1999).

3.8

Cut-off points for the definition of hypertension are useful
for clinical purposes, enabling decisions to be made
regarding pragmatic thresholds for treatment, however they
do not reflect the continuous nature of the relationship
between blood pressure and health outcomes. The relative
risk for cardiovascular disease increases even within what is
considered the normal blood pressure range (both systolic
and diastolic), signifying large numbers of people are at risk
(Stamler et al, 1993).
15
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3.9

The continuous nature of the risk throughout the accepted
normal range of usual blood pressure was confirmed by a
meta-analysis of 61 prospective studies of blood pressure
and mortality, which obtained data for one million adults
with no previous vascular disease at baseline (Prospective
Studies Collaboration, 2002). The analyses related the risk of
death during five decades of age (40-89y) to the estimated
usual systolic and diastolic blood pressure levels at the start
of that decade. Usual blood pressure, from as low as 115/
75 mm Hg, was positively associated with the risk of death
from vascular disease.

Prevalence of hypertension in the UK
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3.10

Blood pressure levels in the UK rise with age, but this
phenomenon is not observed in all populations (Intersalt
Cooperative Research Group, 1988) and thus is not an
inevitable consequence of ageing. Mean population blood
pressures for England, Scotland and Northern Ireland are
given in Annex 5 (data for Wales were not available).

3.11

The 2001 Health Survey for England (Bajekal et al, 2003)
reported that the prevalence of high blood pressure
(defined as equal to or greater than 140/90 mm Hg) was 41%
for men and 35% for women. The prevalence increased with
age from 20% in men aged 16-24 years to 70% in those aged
75 and over; for women, the corresponding rise was from 6%
to 79%.

3.12

In Scotland, the Scottish Health Survey 1998 (Scottish
Executive Health Department, 2000) reported an overall
prevalence for hypertension (defined as blood pressure
equal to or greater than 140/90 mm Hg) of 33% for men and
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28% for women. The prevalence increased from 10% in men
aged 16-24 to 74% in those aged 65-74 years. In the same age
groups for women, the prevalence increased from 4% to 76%.
3.13

The available data for Wales and Northern Ireland are not
comparable with that for England and Scotland, as they are
not based on direct blood pressure measurements. In Wales,
the Welsh Health Survey 1998 (National Assembly for Wales,
1999) showed the proportion of people that reported they
had received treatment for raised blood pressure was 14% in
1995 and 15% in 1998. In Northern Ireland, the Northern
Ireland Health and Social Wellbeing Survey (DHSSPS NI9,
2001) reported that 19% of men and 27% of women had
been informed by a health professional that they had high
blood pressure; the prevalence of diagnosed high blood
pressure increased with age for both sexes.

Population approach to blood pressure
reduction
3.14

A population-based approach to public health is directed at
an entire population, rather than those individuals perceived
to be at high-risk, in order to address risks that are
widespread throughout the population. Such a strategy is
based on the observation that a small reduction in risk of a
large number of people may result in a large reduction in risk
of an entire population (Rose, 1992).

3.15

The risk from cardiovascular disease associated with high
blood pressure is not confined to those who are considered
hypertensive, but includes large numbers of people in the
usual blood pressure range (Prospective Studies

9 Department of Health, Social Services and Public Safety, Northern Ireland.
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Collaboration, 2002). Furthermore, the 2001 Health Survey
for England (Bajekal et al, 2003) revealed that 66% of adults
with hypertension were not in receipt of any treatment. This
suggests that the population as a whole may be at a
relatively high risk of premature mortality and confirms that
population-wide preventive measures to reduce blood
pressure are warranted. Such measures should cause a
downward shift in the population distribution of blood
pressure, which would also benefit high-risk groups.
3.16

On a population basis it has been estimated that a reduction
of 2 mm Hg in diastolic blood pressure would result in 15%
reduction in risk of stroke and transient ischaemic attacks,
and a 6% reduction in risk of coronary heart disease (Cook
et al, 1995). McPherson et al (2002) have estimated that 6%
of deaths from coronary heart disease could be avoided if
the numbers of people with high blood pressure were
reduced by 50%.

Other outcomes
3.17

18

There is some evidence that high intakes of salt may be
linked to cardiovascular outcomes independent of blood
pressure, such as left ventricular hypertrophy. Very high
intakes have been associated with gastric cancer, but the
evidence does not generally relate to foods typically
consumed in the UK (DH, 1998). There have also been
suggestions of an association between salt consumption and
the risk of osteoporosis. Although this report focuses
primarily on the evidence in relation to hypertension, some
discussion of evidence in relation to other health outcomes
and premature mortality is included.
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4 Review of the Evidence
Since 1994
4.1

Evidence for a role of salt in hypertension comes from
epidemiological studies between and within populations,
controlled clinical trials in normotensive and hypertensive
populations, physiological studies, and research in
experimental models, including primates.

Physiological requirements for sodium
4.2

Sodium is a vital constituent of the body and thus is an
essential nutrient. It is the principal cation in the
extracellular fluid (ECF) and plays a key role in maintaining
the water balance of the body. It is essential for the
maintenance of ECF volume, ECF oncotic pressure, acidbase balance, and muscle and nerve activity. It is also
required for the generation of transmembrane gradients,
which enable energy dependent uptake of nutrients by the
cell, including those of the intestinal mucosa and renal
tubules. All of the functions of sodium are interdependent
with potassium.

4.3

Sodium balance is interlinked with the maintenance of water
homeostasis, which in turn depends on the regulation of
ECF volume. A decrease in ECF volume, caused by
decreasing plasma volume, leads to a decrease in blood
pressure. Conversely, an increase in ECF volume increases
blood pressure by increasing plasma volume.

4.4

Sodium and water homeostasis is mediated mainly by the
kidney. The sodium content of the body is maintained by
19
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renal excretion and conservation and is intimately linked to
the regulation of water content and blood volume. An
increase in blood volume increases arterial pressure, renal
perfusion and glomerular filtration, which results in an
increase in water and sodium excretion. The mechanism
maintaining the balance between blood pressure and
sodium excretion is known as pressure natriuresis.
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4.5

Blood pressure regulation is linked to the kidney’s ability to
excrete or conserve enough sodium to maintain the body’s
normal sodium content, ECF volume, and blood volume, in
response to variations in sodium intake and losses (Folkow,
1982). The physiological processes involved in maintaining
blood pressure operate across a continuum entailing many
interactive regulatory mechanisms for which the individual
and collective physiological thresholds have not been
characterised. (A more detailed overview of processes
involved in the regulation of the body’s sodium content is
provided in Annex 6.)

4.6

Changes in the sodium content of the body, either above or
below the ideal range, can lead to adverse effects. Changes
are brought about by factors that overcome the body’s
ability to maintain sodium and/or water content. The
sodium content increases when the intake exceeds the
body’s ability to excrete sodium. Deficiency can arise from
increased sodium losses (e.g. by chronic diarrhoea) and/or
from very low levels of intake.

4.7

There are inevitable losses of sodium from the body, such as
through sweating, as well as requirements for the
maintenance of ECF volume. The minimal requirement for
sodium could therefore be defined as the level of
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consumption needed to match obligatory losses and
maintain function. A restriction in sodium consumption to a
level below the requirement induces physiological changes
leading to the active retention of sodium in the body, mainly
by the kidney.
4.8

Intakes exceeding requirements must be excreted in order to
maintain the sodium content of the body. However, there is
an upper limit to the rate at which sodium can be lost from
the body. Intakes beyond this point cause an increase in
sodium content, which in turn causes water to be retained.
Short term adjustments may not be manifested; however, if
the extent to which the intake exceeds the capacity for
excretion is large, or maintained for long periods of time,
there are then irreversible changes in the adaptive
thresholds which leads ultimately to tissue damage (Folkow,
1982). One important manifestation may be the development
of higher blood pressure.

4.9

The capacity of the kidney to regulate the sodium content
of the body varies with a number of factors, including age.
For example, both the very young and the old have a
decreased capacity for salt excretion. Some population
groups have a reduced capacity from an earlier age which
may be genetic, or a consequence of their habitual dietary
consumption during early life. Other dietary and lifestyle
factors may exert direct or indirect effects on renal function
and thereby alter the renal capacity for sodium excretion.

4.10

The physiological range of sodium required for homeostasis
has not been established, i.e. the minimum intake required
to match obligatory losses and the upper level beyond
which the homeostatic mechanism fails.
21
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4.11

The physiological requirements for sodium were considered
throughout life. For adults, the minimal and upper levels of
sodium associated with irreversible changes will vary
amongst individuals for a variety of reasons, such as age,
genetic predisposition, and environmental conditions.
Therefore, for the population as a whole, desirable levels of
consumption should allow for this variability. (Infants and
children are considered in Section 6.)

4.12

Low salt intakes might primarily be expected to have
adverse effects on work ability and thermoregulation in high
environmental temperatures. In rats, sodium deprivation
induced by sodium free diets and diuretic treatment results
in impaired thermoregulation (De Garavilla et al, 1990).
Severe heat exposure of sodium depleted rats was found to
cause problems with food consumption and growth
(Francesconi & Hubbard, 1985). In humans, extreme salt
depletion, using salt free diets under experimental
conditions, causes fatigue, weakness, muscle cramps, as well
as psychological effects (McCance, 1935). Extreme depletion,
usually caused by medical conditions, can be fatal.

4.13

Estimated requirements for salt intakes of humans exposed
to hot environments have ranged between 2-20g per day
(0.8-8g/35-347 mmol sodium) (Francesconi et al, 1993).
Acute heat stress might be expected to occur when troops,
habitually consuming 8-15g salt per day (3.2-6g/139-260
mmol/ sodium), are mobilised from temperate to desert or
jungle environments.

4.14

Taylor et al (1944) investigated the relationship of salt intake
to heat exhaustion and cardiovascular function in
unacclimatised men working in the heat, and the maximum
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salt intake required in these conditions. They found that for
unacclimatised men working for 2-3.5 days in the heat (49˚C),
sweating 5-8 litres per day, the maximum salt requirement
was not more than 15-17g (6-6.8g/261-296 mmol sodium).
No physiological advantage was gained by increasing levels
of salt to 30g (12g/522 mmol sodium) per day. Those
consuming 4-8g salt (1.6-3.2g/70-139 mmol sodium) daily did
not drink sufficient water and were more likely to suffer
acute heat exhaustion caused by impaired cardiovascular
function.
4.15

A heat acclimatisation study (Francesconi et al, 1993)
compared responses of military personnel exposed to heat
(41˚C), over 10 days, on diets which contained either 8g of
salt (3.2g/139 mmol sodium) or 4g salt (1.6g/70 mmol
sodium) per day and where dehydration was avoided. The
endocrine responses demonstrated adaptation to both
levels of salt intake. Within 10 days of heat exposure, there
were significant reductions in exercise-induced heart rate,
rectal temperature, urinary sodium, and perceived exertion.
There were no significant differences in these variables
between the two groups. This study suggests that healthy
individuals can adapt to lower salt intakes at high
temperatures.

4.16

Lowest average intakes of sodium consistent with apparent
good health, in individuals or populations, have ranged
between 69-920mg/3-40 mmol per day (1.75-2.3g salt) (DH,
1991) and populations surviving on as little as 5mg/0.2 mmol
sodium per day (0.01g salt) have been reported (Intersalt
Cooperative Research Group, 1988).
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4.17

The suggestion of an inverse relationship between salt
consumption and cardiovascular outcomes (Alderman et al,
1995; Alderman et al, 1998) is considered in a later section of
the report (see paragraphs 4.68 & 4.70).
Summary and conclusions

4.18

There is little evidence that, in a temperate climate such as
that of the UK, salt intakes of 4-6g per day (70-100
mmol/1.6-2.4g sodium) would have any adverse
physiological effects on a healthy population.

4.19

No basis was found for a revision of the Dietary Reference
Values for sodium or a change to the 1994 COMA
recommendation for a target salt intake of 6g/day (2.4g/
100 mmol sodium) for the adult population. The target of
6g/day is higher than the RNI for sodium (1.6g or 70 mmol
sodium/4g salt) and substantially greater than the salt intake
required to maintain the sodium content of the body. A salt
intake of 6g/day remains an achievable population target
and not an optimal or ideal level.

Salt sensitivity
4.20

24

The heterogeneous response to the effect of salt on blood
pressure has given rise to the concept of salt sensitive and
salt resistant individuals within populations. It is based on
the idea that some individuals might be more susceptible
than others to salt-induced effects on blood pressure and
has been used as an argument against public health
measures for salt reduction, in favour of an individual clinical
approach.
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4.21

Salt sensitivity has been defined as a change in blood
pressure in response to sodium loading or depletion
although there has been no consistency between studies in
the sodium load administered or in the nature of the
response elicited. (See Annex 7 for the different criteria and
methods that have been applied to assess salt sensitivity.)

4.22

Studies to test the reproducibility of the effect of sodium
loading and depletion on blood pressure have yielded
conflicting results. Three studies that examined individuals
at different times showed reasonable reproducibility
(Overlack et al, 1993; Sharma et al, 1989; Weinberger &
Finberg, 1991) whilst in other studies, reproducibility was
found to be poor (Gerdts et al, 1999; Mattes & Falkner, 1999;
Zoccali et al, 1996).

4.23

It has been suggested that salt sensitivity might be a
transient phenomenon during the pathogenesis and
development of hypertension and occurs as a result of
subtle acquired renal injury (Johnson et al, 2002). Subtle
renal injury impairs sodium excretion and the ensuing
sodium retention leads to an increase in blood pressure.

4.24

The phenomenon of reverse salt sensitivity has also been
reported (Ruppert et al, 1993). Acute extreme salt restriction
(1.2g salt/0.48g or 20 mmol sodium) of 163 subjects was
associated with an increase in mean arterial blood pressure
greater than or equal to 5 mm Hg in 15% of the participants.
This effect has not been reported for more moderate
intakes of salt.
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Prevalence of salt sensitivity
4.25

Due to lack of uniformity in study criteria and techniques
and because most studies have involved small numbers of
subjects, estimates of the prevalence of salt sensitivity have
been wide-ranging. Variability in the populations studied,
particularly the age of subjects, ethnic origin, obesity, and
level of intake of other dietary minerals, are also likely to
have affected prevalence estimates.

4.26

Taking all these factors into account, a higher frequency
of salt sensitivity has been observed in adults with
hypertension. Estimates of prevalence have ranged from
29-60% in hypertensive populations and 15-46% in
normotensive populations, although the larger studies have
indicated that over 50% of a hypertensive population and
approximately 25% of a normotensive population are salt
sensitive (Weinberger et al, 1986; Sullivan, 1991).

4.27

Salt sensitivity has been more frequently observed among
black rather than white subjects in both normotensive and
hypertensive populations and in older rather than younger
subjects. However change in prevalence with age has
received limited investigation and salt sensitivity has been
observed in African American adolescents (Wilson et al,
1999).
Salt sensitivity as an independent predictor of
cardiovascular events

4.28

26

Morimoto et al (1997) examined the relationship between
salt sensitivity and occurrence of cardiovascular events in
156 Japanese hypertensive patients without other preexisting disorders. Patients were followed up for a mean of
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7.3 years and cardiovascular events were found to be twice
as common in the patients previously classified as salt
sensitive10. Significantly more patients in the salt sensitive
group had left ventricular hypertrophy. Salt sensitivity as a
cardiovascular risk factor was found to be independent of
other risk factors such as smoking and blood pressure.
4.29

A study by Weinberger et al (2001) obtained long-term
follow-up data for 596 subjects (85% of an original cohort)
who had been assessed for salt sensitivity11 27 years
previously. The cohort included men, women, AfricanAmericans, and a diverse age range (18-80y at baseline). In
normotensive subjects aged over 25 years, who were
identified as salt sensitive when initially studied, there was
an increased risk of cardiovascular events and death which
was similar to that of hypertensive subjects. The
investigators had not controlled for smoking as a
cardiovascular risk factor.
Summary and conclusions

4.30

There is no agreed definition or clinical criteria to identify
salt sensitivity. Sodium loading and depletion protocols
have involved extreme manipulations, which are unrealistic
representations of variations in dietary salt intakes within
actual populations and may not reflect long-term blood
pressure responses to salt intakes on a population basis.

10 Salt sensitivity was defined as a 10% or greater difference in mean arterial blood
pressure between a low salt diet (1-3g salt/0.4-1.2g or 17.4-52 mmol sodium per
day for one week) and a high salt diet (12-15g salt/4.8-6g or 209-261 mmol
sodium per day for one week).
11 Participants with a change in mean arterial blood pressure of at least 10 mm Hg
in response to intravenous saline administration and rapid diuretic-induced
sodium and volume depletion, had been classified as salt sensitive.
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4.31

It is clear that there is a spectrum of responses to dietary
salt exposure and all individuals will display an inability to
cope with excess intakes at a certain level. It is possible that
some individuals will display elevated blood pressure at
lower levels of salt intake than others. Since the
phenomenon of salt sensitivity has not been characterised it
is not yet possible to identify and develop predictive
markers, including genetic polymorphisms, for individuals or
populations with this propensity. The greatest benefits are
likely to be achieved by taking a population approach to
reducing salt intake.

Evidence for an association between salt
intake and blood pressure
Animal studies

28

4.32

Most animal studies on the effects of increased salt intake
on blood pressure have primarily involved rodent models.
However, routine veterinary data of chimpanzees in a
research institute fed on a diet of monkey chow (containing
6-12g salt or 2.4-4.8g/100-200 mmol sodium per day)
supplemented with fruit, revealed age-related changes in
blood pressure analogous to those observed in urbanised
human populations (Eichberg and Shade, 1987). Based on
these observations, Denton et al (1995) examined the effect
of increased levels of salt on the blood pressure of a colony
of 26 chimpanzees (aged 5-18y) maintained on a vegetable
and fruit diet.

4.33

The chimpanzees were randomised into two groups of 13
animals. The control group was fed the usual diet which was
low in sodium and high in potassium. The intervention group
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was fed increasing amounts of salt over 89 weeks: 5g/d
(2g/87 mmol sodium) for 19 weeks, 10g/d (4g/174 mmol
sodium) for 3 weeks, and 15g/d (6g/261 mmol sodium) for 67
weeks. Salt intake was assessed from 24-hour urine
collections by means of catheterisation. They were then
returned to their usual diet and blood pressure continued to
be monitored for the following 6 months.
4.34

Compared with controls, after 19 weeks on 5g/d salt (2g/87
mmol sodium) mean systolic pressure increased by 12 mm
Hg; increasing salt intake resulted in further increases up to
33 mm Hg on 15g salt (6g/261 mmol sodium) per day. There
were clear differences in sodium excretion between
intervention and controls. Blood pressures returned to
normal on withdrawal of the intervention. During the salt
intervention the weights of the animals increased
significantly compared to controls.

4.35

These results show that increased salt intake in chimpanzees
causes a large rise in blood pressure and demonstrate the
dose-responsive nature of the relationship. Additionally, in
the intervention group, 70% of the chimpanzees responded
with a notable rise in blood pressure and 30% showed a
small or no change, illustrating the variability of the
response to salt intakes. In this study, salt was the only
variable that was changed; all other variables, such as
potassium intake and social conditions, remained constant.
The high potassium intakes, characteristic of a fruit and
vegetable diet, did not prevent the increased blood pressure
responses observed in the intervention group.
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Human epidemiological studies
• Cross-sectional studies
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4.36

A number of migration studies of population groups moving
from rural areas with low salt intakes to urban environments
of high salt intake have reported increases in blood pressure
similar to that of the host population (He et al, 1991; Poulter
et al, 1990). Such data are difficult to interpret and are
inconclusive, in terms of the effect of salt consumption,
because of the number of confounding factors associated
with lifestyle and environmental changes.

4.37

The International Study of Salt & Blood Pressure (Intersalt
Co-operative Research Group, 1988) collected data on 24hour urinary sodium excretion and blood pressure of over
10,000 adults in 52 population samples from 32 countries.
Significant positive associations were found between
sodium excretion and both systolic and diastolic blood
pressures. When four centres with unacculturated
populations that had very low salt intakes were removed
from the analysis, the overall association between sodium
intakes and blood pressure was not statistically significant;
however, an association was found between salt intake and
increase in blood pressure with age. Body mass index (BMI)
and alcohol had independent effects on blood pressure. As
the age-blood pressure relationship was not part of the
original hypothesis for the study, there has been a difference
of opinion about the weight that might be placed on these
observations.

4.38

Subsequent re-analysis of the data, which adjusted for
regression dilution caused by measurement errors incurred
in the study (Elliott et al, 1993; Elliott et al, 1996), found
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stronger associations. There have been suggestions that the
correction factors used may have been overestimated (Day,
1997; Davey Smith & Phillips, 1997).
4.39

The International Co-operation Study of Macronutrients
and Blood Pressure (INTERMAP), with data from a total of
4,680 participants in 17 populations from the UK, US, China
and Japan, is still in progress (Elliott; personal
communication, 2002).
• Intervention studies

4.40

In reviewing studies on the relationship between salt and
blood pressure with morbidity/mortality outcomes,
consideration was given to the design of the studies,
particularly the method used to measure dietary exposure
to salt (see paragraph 1.7) and allowance for the main
cardiovascular risk factors.

4.41

Greater weight was placed on studies of four or more weeks
in duration as adaptive responses to changes in dietary salt
intakes may take more than a few days to become apparent.

4.42

When reviewing intervention studies, a distinction was made
between trials of efficacy relating to dietary manipulations
and trials of effectiveness utilising dietary advice. The
intervention studies reviewed are included in Annex 8.
– Dietary manipulation

4.43

The Dietary Approaches to Stop Hypertension (DASH) trial
(Appel et al, 1997) assessed the effects of dietary patterns on
blood pressure. A group of 459 normotensive and
hypertensive adults (22y or older) received a control diet
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(low in fruit, vegetables and dairy products, with a fat
content typical of the average US diet) for three weeks.
Participants were then randomised to receive one of three
diets for eight weeks: the control diet, a diet rich in fruit and
vegetables, or a combination diet (the DASH diet), rich in
fruit, vegetables, low-fat dairy products, and with reduced
saturated and total fat. The salt content of each diet was
similar. Weight, physical activity, and alcohol were held
constant for all the groups.
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4.44

The results demonstrated that compared to a typical US
diet, a diet rich in fruits, vegetables, and low-fat dairy
products (the DASH diet), significantly reduced mean blood
pressure by 5.5/3.0 mm Hg. The diet rich in fruit and
vegetables produced a significant reduction of 2.8 mm Hg in
systolic blood pressure but not in diastolic blood pressure
(which was reduced by 1.1 mm Hg). Among subjects with
hypertension, the DASH diet significantly reduced blood
pressure by 11.4/5.5 mm Hg and in those without
hypertension by 3.5/2.1 mm Hg. The effects appeared within
2 weeks of participants being placed on the DASH diet and
persisted for the remaining six weeks of the intervention.

4.45

The follow-up DASH Sodium trial (Sacks et al, 2001a)
examined the combined effect of the DASH diet and
reduced salt intake. 412 participants (aged 37-59y) were
randomly assigned to the control or DASH diet for a period
of three months. Each subject consumed their allocated diet
for 30 consecutive days at each of three levels of salt: high
(9g salt/3.6g or 150 mmol sodium), intermediate (6g
salt/2.4g or 100 mmol sodium); and low (3g salt/1.2g or 50
mmol sodium). The potassium intakes were greater on the
DASH diet than in the controls, but were kept the same for
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all levels of salt intake (approximately 1.6g potassium on
control diet and 3g on DASH diet). Weight remained stable
in all groups.
4.46

Reducing salt intake from the higher to the lower level
significantly reduced blood pressure by 6.7/3.5 mm Hg on
the control diet and by 3.0/1.6 mm Hg on the DASH diet.
The combined effects on blood pressure of the DASH diet
and low salt intake were greater than either of the
interventions alone and were 8.9/4.5 mm Hg below the
control diet at the high salt level. With this combination,
mean systolic blood pressure was 11.5 mm Hg lower in
participants with hypertension, and 7.1 mm Hg lower in
participants without hypertension.

4.47

Results of the DASH Sodium trial showed that blood
pressure was reduced in a stepwise fashion in response to a
reduction in the salt intake on both the DASH diet and the
control diet. The effects were observed in those with and
without hypertension, in both sexes, and across racial
groups.

4.48

One criticism of the DASH Sodium trial was that it
concentrated on the favourable effect of lowering salt on
blood pressure to the exclusion of other harmful
physiological effects, for example, an increase in the plasma
levels of renin (Alderman 2001). McCarron (2001) claimed
that adequate mineral intake from the DASH diet was far
more important than salt in determining blood pressure and
argued that from a clinically applicable view, any effect of
salt restriction on blood pressure was limited to
hypertensive black females in the study population. Another
assertion was that only data for effects on systolic blood
33
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pressure of the different groups (i.e. defined by ethnic
background, sex, presence or absence of hypertension) were
presented (Petitti and Freedman, 2001) and that diastolic
blood pressure might be more important in relation to the
risk of stroke and cardiovascular disease.
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4.49

In response to these criticisms, the authors (Sacks et al,
2001b) argued that diuretic therapy, which prevents
cardiovascular disease, also raises plasma renin. Additionally,
in a large sample of the general population, plasma renin
level was not associated with cardiovascular disease (Meade
et al, 1993). The authors accepted that susceptibility to salt
may vary in the population, however the effects of salt
reduction in the DASH Sodium trial were qualitatively similar
among all subgroups but quantitatively different. Systolic
blood pressure was prespecified as the trial’s primary
outcome because it has been more closely linked than
diastolic blood pressure to cardiovascular disease
(Weinberger et al, 1986).

4.50

The Prospective Studies Collaboration (2002) found systolic
blood pressure to be a more informative measure of risk
than diastolic blood pressure, irrespective of age. British
Hypertension Society Guidelines (Ramsay et al, 1999) assign
equal importance to systolic and diastolic blood pressure in
relation to cardiovascular disease risks (Stamler et al, 1993).
Outcome trials of antihypertensive treatment based on
thresholds of diastolic or systolic hypertension have shown
similar reductions in cardiovascular disease events
(Gueyffier et al, 1997).
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– Dietary advice
4.51

The Trials of Hypertension Prevention (TOHP) Phase II (TOHP
Collaborative Research Group, 1997) was a longitudinal
study that evaluated the effects of reduced salt intake
(target of 4.8g salt/1.8g or 80 mmol sodium) and weight loss,
either alone or in combination, on blood pressure.
Participants in the study were moderately overweight with
high normal blood pressures and thus representative of the
majority of industrialised populations rather than extremes.

4.52

At 6 months, sodium excretion was reduced by 78 mmol
(1.8g sodium/4.6g salt) in the salt reduction group and by 64
mmol (1.5g sodium/3.7g salt) in the combined intervention
group, achieving salt intake levels of 6.1g (2.4g/104 mmol
sodium) and 7.3g (2.9g/124 mmol sodium) respectively.
Compared to the usual care group, systolic and diastolic
blood pressures were significantly lowered by 2.9/1.6 mm Hg
in the salt reduction group, by 3.7/2.7 mm Hg in the weight
loss group, and by 4.0/2.8 mm Hg in the combined
intervention group.

4.53

Effects were reduced at 36 months. Diastolic blood pressure
reductions remained significant only in the weight loss
group and systolic blood pressure reductions were small but
significant for the salt reduction group (1.2 mm Hg) and the
weight loss group (1.3 mm Hg). Sodium excretion increased
significantly over time and at 36 months, there were only
small but significant differences from the usual care group
of 40 mmol/d (0.9g sodium/2.3g salt) for the salt reduction
group and 24 mmol/d (0.6g sodium/1.4g salt) for the
combined group.
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4.54

The greater magnitude of the short-term compared to longterm effects reflects the difficulties individuals face in making
substantial changes to their diet and complying with dietary
restrictions, particularly in relation to reduced salt intake.

4.55

The Trial of Nonpharmacologic Interventions in the Elderly
(TONE) (Whelton et al, 1998) evaluated the effects of salt
reduction (target of 4.8g salt/1.8g or 80 mmol sodium) and
weight loss, alone and combined, in older hypertensives
(aged 60-80y) whose blood pressures were controlled with
one antihypertensive drug. Weight loss and salt reduction in
the diet were achievable and, where both interventions
were successful, more individuals were able to stop and
remain off medication. The greater success of the salt
reduction and weight loss intervention in this age group may
reflect an increased motivation to reduce dependence on
antihypertensive medication.
– Meta-analyses of intervention trials

4.56
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Several meta-analyses (summarised in Annex 9) have been
conducted to pool the results of randomised controlled
intervention trials investigating the effect of salt reduction
on hypertension (Midgley et al, 1996; Cutler et al, 1997;
Ebrahim & Davey Smith 1998; Graudal et al, 1998; Alam &
Johnson 1999). Three suggest that decreases in blood
pressure in response to sodium reduction are not sufficient
to justify population-wide advice to lower salt intakes
(Midgley et al, 1996; Ebrahim & Davey Smith, 1998; Graudal et
al, 1998). Criticism of these meta-analyses have centred on
the inclusion of trials of short duration, and trials that
compared the effects of acute salt loading followed by
severe depletion which does not reflect the actual situation
with habitual diets.
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4.57

A meta-analysis by MacGregor and He (2002) only included
studies with modest salt reductions and a duration of at least
four weeks. The DASH Sodium trial, which had not been
published at the time of previous meta-analyses, was also
included. Seventeen trials in hypertensives and 11 trials in
normotensives were combined and pooled estimates found
significant reductions in blood pressure of 4.96/2.73 mm Hg
in hypertensives and 2.03/0.97 mm Hg in normotensives.
These results demonstrate that, on a population-wide basis,
a modest reduction in salt intake for a period of four or more
weeks has a significant effect on blood pressure in
hypertensive and normotensive individuals.

4.58

A systematic review by Hooper et al (2002) assessed the
long-term effects of advice to reduce dietary salt in adults
with and without hypertension. Eleven trials were included
with follow-up from 6 months to 7 years. Pooled estimates
at 6-12 months showed significant reductions of 2.5/1.2 mm
Hg in systolic and diastolic blood pressures. At 13-60 months
after initial advice, a significant reduction (1.1 mm Hg) only
remained for systolic blood pressure. 24-hour sodium
excretion was reduced by 48 mmol/d (1.1g sodium/2.8g salt)
at 6-12 months and by 35.5 mmol/d (0.8g sodium/2.1g) at 1360 months. There was significant heterogeneity in sodium
excretion measurements, which could not be explained by
trial quality.
Summary and conclusions

4.59

The evidence of an association between dietary salt intakes
and blood pressure has increased since 1994. The data have
been consistent in various study populations, including
different ethnic groups, and across the age range in adults.
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4.60

The DASH Sodium trial and the study on chimpanzees
clearly demonstrate dose-responsive effects of salt on
blood pressure. In the DASH Sodium trial, the greatest
reductions in blood pressure were observed when the DASH
diet, rich in fruits, vegetables and low-fat dairy products and
reduced saturated and total fat, was combined with a low
salt diet. The clear and distinct effect of salt on blood
pressure indicates that lowering salt intakes as part of a
healthy whole diet strategy would be most effective as a
population-based approach to lowering blood pressures.

4.61

The systematic review on long-term effects of advice to
reduce dietary salt levels (Hooper et al, 2002), showed that
the significant blood pressure reductions observed at 6-12
months, were not sustained over time. As most dietary salt
intake originates from processed food, this illustrates the
difficulties faced by individuals in maintaining a low salt diet
and supports the view that a targeted individual approach to
salt reduction is inappropriate. A population-based approach
is required to achieve a sustained reduction in salt intake.
With the continued co-operation of the food industry to
lower salt levels in processed foods, a gradual lowering of
population salt intakes could be achieved over time.

4.62

A reduction in the dietary salt intake of the population
would lower the blood pressure risk for the whole
population.
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Morbidity and premature mortality
4.63

Although clear effects of salt on blood pressure have been
observed, the long-term effects on health and premature
mortality outcomes are less certain.
Animal studies

4.64

Experimental evidence from rats has shown that high salt
diets (containing 8% salt) may accelerate death from
cerebral arterial disease even in the absence of rises in blood
pressure in comparison with rats on lower salt (0.3%) diets
over a 15 week experimental period (Tobian & Hanlon, 1990).
Human studies

4.65

The design of the studies that were considered, assessing
effects of either salt intake or blood pressure levels on
morbidity and premature mortality outcomes, can be found
in Annex 8. The design issues outlined in Section 1 and
allowances for the main cardiovascular risk factors, were
taken into account.
• Cardiovascular disease
– Cross-sectional studies

4.66

Analysis of sodium excretion data from the 12 Western
European countries which participated in the Intersalt Study
showed a relationship with stroke mortality in univariate
analysis, which remained significant when adjusted for BMI
(Perry & Beevers, 1992). However, sodium excretion and
alcohol intake were highly inter-correlated and it was not
possible to demonstrate an effect independent of alcohol
intake. Stroke mortality was not related to systolic blood
pressure in this analysis.
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4.67

The WHO Cardiovascular Diseases and Alimentary
Comparison (CARDIAC) Study (Yamori et al, 1994), included
55 centres in 24 countries and examined 100 men and 100
women (aged 48-56y) randomly selected from the
population. Blood pressure was measured in a standardised
manner and estimates of sodium intake were determined
from 24-hour urine collections. Age-adjusted stroke
mortality was reported to be significantly and positively
associated with urinary sodium excretion in men and to the
sodium/potassium ratio in both sexes.
– Prospective studies
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4.68

An analysis of data from the National Health and Nutritional
Examination Survey I (NHANES I) reported an inverse
association between dietary sodium intake and all-cause
and cardiovascular disease mortality (Alderman et al, 1998).
The authors acknowledged the limitations of the analysis,
including the reliability of the measures based on a single
24-hour dietary recall, for both sodium and energy intakes.
The estimated sodium intakes in NHANES also did not
include salt used in cooking or at the table. Hypertensive
persons, who may have been advised to reduce their salt
intake, were included in the analysis and there was no
control for smoking as a confounder.

4.69

An alternative analysis of the NHANES I data (He et al, 1999)
which controlled for smoking status, found that in
participants who were overweight, sodium intake was
associated with increased frequency of stroke, mortality
from coronary heart disease, cardiovascular disease, and
all causes.
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4.70

An earlier claim, that a reduction in salt intake increases the
risk of myocardial infarction (Alderman et al, 1995), was
based on an observational study of a group of 2937 patients
with drug treated hypertension followed up for a median of
3.5 years. 24-hour urinary excretion of sodium was inversely
related to the incidence of myocardial infarction. However,
the baseline sodium excretion was only measured once,
after patients had been advised to avoid high salt foods for
4-5 days before the 24-hour urine collection. This
measurement was therefore not an accurate reflection of
habitual intake and, in some cases, the 24-hour urine
collections may have been incomplete. The basis of this
study was not in fact concerned with salt ingestion and the
salt restriction phase was carried out to allow classification
of the subjects according to renin profiles.

4.71

Tunstall-Pedoe et al (1997) analysed data from a large
prospective cohort in the Scottish Heart Health Study. 72%
of the original cohort of 11629 men and women were
followed up for an average of 7.6 years, and initial results
were from univariate analysis only. 24-hour urinary sodium
excretion did not predict coronary heart disease in men. In
women, the gradient was borderline positive for all coronary
heart disease. Increased potassium excretion was associated
with significant protection against all coronary heart disease
in men.

4.72

A prospective study in Finland (Tuomilehto et al, 2001)
followed 1173 men and 1263 women (aged 25-64y) over 10
years, for whom complete 24-hour urine sodium excretion
and cardiovascular endpoint data were available. The risk of
death from coronary heart disease and cardiovascular
disease, and incidence of coronary heart disease but not
41
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stroke, rose significantly with increasing sodium excretion.
A stepwise increase (hazard ratio of 1.5) was observed for
each 100 mmol/2.4g (6g salt) increase in sodium excretion.
Data were adjusted for sex and for cardiovascular disease
risk factors such as smoking, body mass index, and serum
cholesterol.
4.73

Mortality and cardiovascular outcomes were examined in a
systematic review on the long-term effects of advice to
reduce dietary salt in adults (Hooper et al, 2002). The 11 trials
included in the review provided few data on mortality and
cardiovascular events and such data were inconsistently
reported.
• Other outcomes
– Left ventricular hypertrophy
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4.74

Left ventricular hypertrophy (LVH) is a powerful risk factor
for cardiovascular disease (Levy et al, 1989). In the Treatment
of Mild Hypertension Study (TOMHS), dietary salt intake,
assessed by sodium excretion over 24-hours, was found to
be an important determinant of left ventricular mass (LVM)
(Beil & Schmieder, 1995).

4.75

TOMHS, a randomised double-blind clinical trial of 844 mild
hypertensives, compared five classes of antihypertensive
drugs and placebo in conjunction with nutritional advice
given for weight loss, reducing sodium and alcohol intake
and increasing physical activity (Liebson et al, 1995). The
outcome measure of interest was echocardiographically
measured LVM as a risk factor for cardiovascular disease
events. Follow-up was over 48 months and results showed
that nutritional advice alone, specifically weight reduction
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and limitation of salt intake, was as effective in reducing
LVM as combined nutritional and drug therapy, despite
greater blood pressure reductions with additional drug
therapy.
– Bone health
4.76

High salt intakes have been associated with increases in
urinary calcium loss and it has been hypothesised that this
may contribute to osteoporosis. It has been estimated that
urinary calcium levels increase by approximately 1 mmol per
100 mmol sodium intake (Nordin et al, 1993).

4.77

Reports on the effects of salt on bone biomarkers have
been inconsistent. Most of the studies in this area have
involved small numbers of subjects and the interventions
have been of very short duration.

4.78

McParland et al (1989) found that a salt intake of 10.2g/d
(3.9g/170 mmol sodium) for 7 days caused a significant
increase in biomarkers of bone resorption in 10
postmenopausal women. Evans et al (1997) investigated the
effects of 18g salt (6.9g/300 mmol sodium) per day on 11
premenopausal and 11 post menopausal women over 7 days.
On the high salt diet, there was a significant increase in a
marker of bone resorption in postmenopausal women,
which was not observed in premenopausal women.

4.79

Other studies have shown no effect of high intakes of salt.
In an 8-day study of 14 postmenopausal women (Lietz et al,
1997), no effects on bone resorption markers were observed
at levels of 10.2g/d of salt (3.9g/170 mmol sodium). Ginty et
al (1998) found no effects of 10.8g salt/d (4.1g/180 mmol
sodium) for 14 days on markers of bone turnover in
29 women.
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4.80

A larger study of 60 postmenopausal women (Sellmeyer et al,
2002) found that an increase in dietary salt to 13.5g/d
(5.2g/225 mmol sodium) for 4 weeks, was associated with a
significant increase in excretion of bone resorption markers.
This effect was prevented by oral administration of potassium
citrate suggesting that at high salt intakes, increased
consumption of fruit and vegetables, which are rich in
potassium, may be beneficial in the prevention of bone loss.

4.81

In an ancillary study of the DASH Sodium trial, bone
turnover was investigated in 187 participants aged 23-76y (Lin
et al, 2000). No effects were observed in markers of bone
formation and resorption at the three levels of salt intake.
The DASH diet itself, consumed for 30 days, reduced bone
turnover at all levels of salt intake regardless of age, race,
gender, and hypertension status.
Summary and conclusions
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4.82

Although studies which have collected 24-hour urine
prospectively suggest that a high salt intake has adverse
effects on cardiovascular disease mortality, there are
insufficient reliable data on morbidity and premature
mortality outcomes to reach clear conclusions. The
available evidence reflects the inherent difficulties of
undertaking large scale studies of long duration that are
required to assess long-term outcomes and the problems of
isolating the effects of salt intake from other factors.

4.83

The studies on LVH suggest that high salt intakes cause
increases in left ventricular mass independently of blood
pressure.

4.84

There are insufficient data to assess effects of high salt intake
on bone health and further research is required in this area.
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5 The Role of Other Factors in
the Development of
Hypertension
5.1

The development of hypertension is dependent on the
interaction of dietary factors, alcohol consumption, obesity
and its association with metabolic syndrome, lack of activity,
and genetic predisposition. These factors were not within
the remit of this review and are only considered briefly.

Other dietary factors
5.2

Potassium, calcium, and magnesium have specifically been
credited with having significant effects on blood pressure.
Other micronutrients may also be involved but the
mechanisms remain unclear. It is difficult to relate blood
pressure levels to specific nutrients because of strong
correlations between dietary intakes of potassium,
magnesium, calcium, and fibre.

5.3

The evidence regarding the benefits of increased intake of
fruit and vegetables on blood pressure is consistent.
Margetts et al (1986) found that switching to a vegetarian
diet reduced systolic blood pressure by 5 mm Hg over a 6week period. The DASH trial (Appel et al, 1997), which
assessed the effects of dietary patterns on blood pressure,
confirmed the importance of multiple factors in the diet for
blood pressure control.
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5.4

A randomised controlled trial by John et al (2002) used
dietary advice to encourage an increase in consumption of
fruit and vegetables to at least five portions a day, for a
6-month period. Compared to the control group, blood
pressure in the intervention group decreased significantly by
4.0/1.5 mm Hg.

Alcohol
5.5

Alcohol intake is an independent risk factor associated with
hypertension (Marmot et al, 1994). A meta-analysis of 15
randomised controlled trials, with 2234 participants,
assessed the effects of alcohol reduction on blood pressure
(Xin et al, 2001). The mean baseline alcohol consumption of
participants was 3-6 drinks per day (units of alcohol were
not stated). An average 67% reduction in consumption of
alcohol was associated with a significant lowering of mean
systolic and diastolic blood pressures by 3.31/2.04 mm Hg
and a dose-response relationship was observed.

Body weight
5.6

46

Blood pressure rises with increasing adiposity (Chen et al,
1995) and weight reduction in hypertensive patients is
associated with a decline in blood pressure (Mulrow et al,
2002). There is a tendency for a number of cardiovascular
risk factors, including hypertension, to occur together. This
clustering of risk factors has been termed metabolic
syndrome or Syndrome X and encompasses hypertension,
obesity, glucose intolerance, insulin resistance, dyslipaedemia,
and lack of activity. As all these factors mutually reinforce
each other, an improvement in any one of them will impact
on the others.
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Physical activity
5.7

Increased physical activity has been associated with
reductions in systolic and diastolic blood pressure in
hypertensive and normotensive individuals although the
reductions have been shown to be greater for hypertensives
(Lesniak and Dubbert 2001). A meta-analysis, of 54
randomised controlled trials involving 2419 participants, on
the effect of aerobic exercise on blood pressure (Whelton
et al, 2002) found that aerobic exercise was associated with
a significant reduction in mean systolic and diastolic blood
pressure (3.84/2.58 mm Hg). Aerobic exercise was associated
with a reduction in blood pressure in both hypertensives
and normotensives as well as in overweight and normal
weight individuals.

Genetic predisposition
5.8

Studies have shown that polymorphisms in certain genes,
such as the angiotensinogen gene, might be implicated in the
blood pressure response to a high salt intake (Hunt et al
1998; Svetkey et al 2001). Multiple genetic loci may be
involved in blood pressure regulation and any single
polymorphism by itself may have a relatively small impact
on blood pressure level. Little is known about the
interactions between genetic polymorphisms and dietary
factors in the regulation of blood pressure and current
studies have limited statistical power to examine such
interactions (Corvol et al, 1999).
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Summary and conclusions
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5.9

High salt intake is one of a number of risk factors, including
obesity and alcohol consumption, that increase the risk of
developing hypertension. A generally healthy diet that is
rich in fruit and vegetables has been shown to be protective.

5.10

Public health strategies to reduce blood pressure levels
should be based on a general healthy lifestyle approach and
include strategies for increasing physical activity and
reducing alcohol consumption and levels of obesity in
the UK.

5.11

It is probable that future research will identify multiple
genetic polymorphisms that contribute to the individual risk
of high blood pressure and varied responses to salt.
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6 Infants and Children
Physiological requirements for sodium
6.1

In the first 6 months of life, the level of sodium in breast
milk is adequate to support normal growth and
development and, compared to adults, the ability to excrete
sodium loads is reduced (Spitzer et al, 1982). Mean sodium
concentrations of breast milk have been reported to range
from 7 mmol/L (160mg sodium/0.4g salt) in early lactation
to 5 mmol/L (120mg sodium/0.3g salt) or less in later
lactation (Fomon, 1993). The sodium content of infant
formulas are prescribed by the Infant Formula and Followon Formula Regulations (1995). The requirements for
premature infants were not considered.

6.2

For children aged over 6 months no data could be found on
the range of intakes required for normal sodium
homeostasis. The Dietary Reference Values agreed by
COMA for ages 7 months upwards were calculated
factorially (DH, 1991) and were considered appropriate.

6.3

The target salt intakes for infants and children have been
estimated on the same basis used to derive the
recommended target salt intake for adults, i.e. an increase in
the RNI by a factor of 1.5, and have been rounded to the
nearest whole number (Table 2). The age bands are based on
dietary patterns at different stages of growth. Relative to
salt and energy intake recommendations, these targets are
proportionate to those for adults.
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Table 2: Reference nutrient intakes (RNI) for sodium & target
average salt intakes for infants & children
Age

RNI

Target
average
salt intake (g/d)

sodium
mmol/d (mg/d)

salt
(g/d)

0-6 months*

10.5 (242)

0.60

<1

7-12 months*

14.5 (334)

0.84

1

1-3 years

22

(500)

1.28

2

4-6 years

30

(700)

1.80

3

7-10 years

50 (1200)

3.06

5

11-14 years

70 (1600)

4.08

6

* The RNI for infants aged 0-6m represent the average RNI of the 0-3m &
3-6m age groups; the RNI for infants aged 7-12m represents the average
RNI of the 7-9m & 10-12m age groups.)

6.4

The average salt intake target recommended for each age
group does not represent an optimal or ideal consumption level
for infants and children but an achievable population goal.

Blood pressure
6.5
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Blood pressure of children is lower than that of adults.
Population level data on reference blood pressure ranges of
children are not available although values have been
published from a cross-sectional study of school children in
Newcastle (O’Sullivan et al, 1999). There are also no defined
clinical blood pressure thresholds for the diagnosis of
hypertension in children (Blood Pressure Association;
personal communication, 2002).

Scientific Advisory Committee on Nutrition

6.6

Robust studies examining the effect of salt intake on blood
pressure in children are lacking. The studies that have taken
place are difficult to interpret because of methodological
constraints (Simons-Morton & Obarzanek, 1997). Therefore,
the approach used to assess the evidence for adults could
not be applied.

6.7

Sinaiko et al (1993) examined the effects of decreasing the
dietary sodium/potassium ratio on blood pressure during
adolescence. A group of 210 adolescents (aged 13y at
baseline), in the upper 15% of the blood pressure distribution
of 19452 children, were assigned to either a low sodium diet,
potassium supplementation, or placebo. Blood pressure was
measured every three months and 24-hour urine collections
were obtained yearly. At baseline, the mean salt intake for
girls was 7.8g/d (3.1g/133 mmol sodium) and for boys was
8.3g/d (3.3g/142 mmol sodium). None of the subjects were
able to achieve the target intake of 4g of salt per day
(1.6g/70 mmol sodium). Only the girls showed a significant
decrease in 24-hour urinary sodium excretion, achieving the
greatest reduction at 24 months with a salt intake of 6g/d
(2.4g/100 mmol sodium). For boys, significant yearly
increases in blood pressure were observed with no
differences between the three groups. For girls, the yearly
rate of rise in blood pressure for the low sodium and
potassium supplementation groups were substantially lower
than for the placebo group, although this was only
significant for the low sodium group.

6.8

A longitudinal study in the Netherlands followed 233
children (aged 5-17y) over an average period of seven years
(Geleijnse et al, 1990). Analysis of annual blood pressure
measurements found no significant association between
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sodium excretion and change in blood pressure over time.
There was a significant inverse association between the
change in mean systolic blood pressure over time and
potassium intake. A significant association was also
observed between the sodium to potassium ratio and
increases in systolic blood pressure over time.
6.9

Evidence from a cross-sectional study of 134 children (aged
8-17y) suggests that small increases in blood pressure can
have a detrimental effect on health (Aristimuno et al, 1984).
Following a series of blood pressure measurements of 1604
children, over a 4-month period, 90 children with blood
pressure in the upper 10% and 44 children with blood
pressure in the middle range (50-60th percentile) of the
group were selected to evaluate differences in left
ventricular voltages between these two blood pressure
levels. Subtle electrocardiographic changes were detected
in those with blood pressure levels in the upper 10% of the
group and some showed signs of left ventricular
hypertrophy (LVH) which could not be fully explained by
measurement of other anthropometric variables. This
finding is notable as LVH is a strong risk factor for
cardiovascular disease in adults.

Body weight
6.10
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Lurbe et al (2000) described the relationship between
sodium excretion and ambulatory blood pressure values in
3-19 year olds. Body weight and sodium excretion were
directly associated with systolic blood pressure, however
this relationship was modified in obese children who had
higher systolic blood pressures than the non-obese at the
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same sodium excretion levels. It is possible that there is a
level of renal dysfunction in obesity which impairs sodium
reabsorption and resets pressure natriuresis. However, in
those children with highest sodium excretion, differences in
blood pressure between obese and non-obese were smaller,
and the investigators suggested that there may be a subset
of children and adolescents with reduced capacity to
excrete sodium, in whom blood pressure is raised.
6.11

Although heavier children have higher blood pressures than
less heavy children at the same age, having first degree
relatives with high blood pressure also increases the
likelihood of higher blood pressure in children (St. George et
al, 1990). A similar relationship is found for obesity (Power &
Parsons, 2000).

6.12

The rising trend of obesity in children and adolescents is
increasingly becoming a cause for concern (Chinn & Rona,
2001) and reinforces the need to tackle all factors, including
salt intakes, which potentially contribute toward rises in
blood pressure levels.

Early life experience
6.13

Some evidence has suggested that exposure to increased
dietary sodium in early life may programme the
development of higher blood pressure later in life.

6.14

A follow-up study of 545 children (81% of an original
cohort), for whom detailed infant feeding histories had been
collected in the first two years of life, found that
breastfeeding in infancy was associated with lower blood
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pressure in later childhood (average age 7.3y) (Wilson et al,
1998). Systolic blood pressure was significantly higher in
children who had been exclusively fed non-human milk
(94.2 mm Hg) than in those who had received breast milk
(90.7 mm Hg).
6.15

A double-blind randomised trial (Hofman et al, 1983)
examined the effect of dietary sodium on the blood
pressure of 476 full-term new born infants assigned to a low
sodium diet (0.1g/4.8 mmol per day) or a normal sodium diet
(0.3g/13.4 mmol per day) during the first 6 months of life. At
6 months, a significant difference was observed in systolic
blood pressure between the two groups, which was on
average 2.1 mm Hg lower in infants fed the low sodium diet
compared to infants on the higher sodium diet.

6.16

35% of this cohort (96 participants from the control group
and 71 from the low sodium group) were followed up 15
years later (Geleijnse et al, 1996). Systolic and diastolic blood
pressures in the intervention group were found to be still
significantly lower (3.6/2.2 mm Hg) than in the control
group. In contrast with the study groups in the original trial,
there were significant differences associated with birth
length and weight, maternal systolic blood pressure and
maternal education, between the two groups. Subjects in
the low sodium group more often reported family history of
hypertension, compared with the controls.
Summary and conclusions

6.17
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For infants, the sodium levels contained in breast milk are
adequate to maintain health. For children, there is a lack of
data available regarding the physiological range required for
sodium homeostasis. The RNI values for infants and children
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previously agreed by COMA (DH, 1991) were accepted and
used as a basis to set target salt intakes (see Table 2).
6.18

The target average population salt intake, recommended for
each age group, does not represent an optimal or ideal
consumption level for infants and children but an achievable
population goal. Attainment of these levels will require a
substantial reduction in current levels of intake.

6.19

There is insufficient evidence to be precise about upper
limits for salt intake in relation to cardiovascular risk in
children. Rising levels of obesity and lower levels of physical
activity increase the potential for occurrence of metabolic
syndrome at younger ages and highlight the importance of
obesity prevention through lifestyle measures such as a
balanced diet and physical activity.

6.20

The evidence of a contribution from salt intake to raised
blood pressure in children is limited and it is not clear
whether sodium intake in isolation is a factor in the
development of hypertension in the young which then
tracks into adulthood. More work is needed in this area
before firm conclusions can be drawn.

6.21

Further research is needed to assess the level of salt in
children’s diets, which may influence blood pressure
independently of other factors. Nevertheless, it would be
inadvisable for children in the UK to become accustomed to
the levels of salt intake currently habitual for adults as the
evidence suggests long-term consumption of such amounts
being potentially harmful in adult life.
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7 Research Recommendations
7.1

Development of the evidence base on salt and health is
recommended in the following areas:

• effects of habitual intakes of salt on:
– sodium homeostasis and blood pressure for all age
groups, but particularly for infants and children;
– disease outcomes of the cardiovascular and skeletal
system;

• effects of different levels of salt exposure in early life on
blood pressure in later life;

• the interrelationship between genetic polymorphisms,
metabolic programming, and dietary factors in the
regulation of blood pressure and disease outcomes.
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8 Conclusions
8.1

Sodium is an essential nutrient at all stages of life.
Consumption of salt, however, should be within a range
compatible with both short and long-term health.

8.2

The evidence for a direct association between salt intake
and blood pressure has increased since COMA reported in
1994. High blood pressure remains a serious public health
problem. A reduction in the average population salt intake
would proportionally lower population average blood
pressure levels and confer significant public health benefits
by contributing to a decrease in the burden of
cardiovascular disease.

8.3

For those aged 15 years upwards, the current
recommendations of COMA for sodium and salt (DH 1991,
DH 1994) remain valid and accord with the evidence base
developed since COMA considered the issue. Specifically,
no basis was found for a revision of the lower reference
nutrient intake (LRNI12) of 0.6g/24 mmol sodium per day
(1.4g salt), the reference nutrient intake (RNI13) of 1.6g/70
mmol sodium per day (4g salt) and the target reduction in
average intake of salt by the population to 6g per day
(2.4g/100 mmol sodium).

8.4

The sodium level contained in breast milk is adequate to
maintain health for infants. For children, the RNIs
established by COMA (DH, 1991) are accepted.

12 The LRNI represents the amount of a nutrient likely to meet the needs of 2.5%
of the population.
13 The RNI represents the amount of a nutrient likely to meet the needs of 97.5%
of the population.
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8.5

For children, health benefits would be gained from a
reduction in average salt consumption. The population
targets for average salt consumption, presented in Table 3,
do not represent an optimal or ideal level of salt
consumption but, in common with the population target of
salt intake set for adults, they represent achievable
population goals.
Table 3: Daily target average salt intakes for infants and children
Age
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Target average
salt intake (g/d)

0-6 months

<1

7-12 months

1

1-3 years

2

4-6 years

3

7-10 years

5

11-14 years

6

8.6

To achieve the recommended levels of salt intake for adults
and children, a substantial reduction in the current average
salt intake of the population is required. This would be best
achieved using a population-based approach through the
adoption of a healthy balanced diet, low in salt and
saturated and total fat, and rich in fruit, vegetables, and
complex carbohydrates.

8.7

A reduction in the salt content of processed food and drinks
is necessary. Key to achieving this is to limit the addition of
salt during processing and preparation of foods and to foods
eaten outside the home. In addition, the amount of salt used
in foods cooked at home, and at the table, should be
reduced.
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8.8

A general healthy lifestyle approach is also required to
reduce population blood pressure levels and should include
strategies aimed at increasing physical activity and reducing
alcohol consumption and levels of obesity.
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Annex 1
Responses Received by SACN to the Call for
Submissions on Salt
A call to submit evidence to the Salt Subgroup of SACN was
placed on the website on 17 October 2001; deadline for
receipt of submissions was 3 December 2001.
Responses were received from the following organisations:
1. Consensus Action on Salt and Health
2. The Salt Manufacturers’ Association
3. Food & Drink Federation
4. Cardiovascular Research Institute, University of Leicester
5. J Sainsbury plc
6. Verner Wheelock Associates
7. British Retail Consortium
8. Safeway Stores plc
9. Co-operative Group
All the responses can be viewed in full at the SACN website
(www.sacn.gov.uk)
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Annex 2
Working Procedures
Identification of relevant studies since 1994
The framework for risk assessment developed by SACN
(2002) was used to identify and evaluate available evidence.
In response to submissions received from interested parties, the
specific areas for which further information was sought and the
search terms that were used are outlined in the table below.
The search terms were used alone, combined with
hypertension/blood pressure, or in various other combinations.
TOPIC

SEARCH TERMS

Salt deprivation, acute
adaptation, conservation

salt/sodium deprivation
salt/sodium adaptation
adaptation to low sodium intake
intake/low salt intake
acute adaptive response
salt/sodium conservation
hypertension/blood pressure

Sodium reduction/restriction

sodium/salt reduction
sodium/salt restriction

Sodium balance

sodium balance

Salt sensitivity

salt/sodium sensitivity
salt/sodium loading

Effect of chloride

chloride
non-chloride/nonchloride sodium
salts

Renal handling of sodium
in children

renal physiology
renal physiology in children
renal handling of sodium/salt in
children
renal effects of sodium/salt in
children

73

Scientific Advisory Committee on Nutrition

Medline was the main source for identification of studies.
The Cochrane Database for Systematic Reviews was also
checked. In addition, papers listed in the submissions from
interested parties and references cited in other papers were
obtained.
Responses received to draft report on Salt and Health
The draft report was placed on the SACN website on
4 November 2002. Interested parties were invited to submit
comments on the draft report by 3 January 2003.
Responses were received from the following organisations &
individuals:
1.

British Dietetic Association

2.

British Frozen Food Federation

3.

British Nutrition Foundation

4.

British Retail Consortium

5.

Cochrane Heart Group

6.

Consensus Action on Salt and Health

7.

Co-operative Group

8.

Food Commission

9.

Food & Drink Federation

10. Hooper L, Bartlett C, Davey Smith G, Ebrahim S
11. Inside Story
12. Institute of Food Science & Technology (UK)
13. Intercollegiate Group on Nutrition
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14. LoSalt
15. Macnair A
16. McGee E
17. Meat & Livestock Commission
18. Medical Research Council, Human Nutrition Research
19. National Heart Forum
20. National Osteoporosis Society
21. Nutrition Society
22. Sainsbury’s
23. Salt Institute
24. Salt Manufacturers’ Association
25. Scottish Consumer Council
26. Socialist Health Association
27. Snacks, Nuts & Crisps Manufacturers Association
28. Stroke Association
28 responses were received to the draft report.
15 respondents were in agreement with the conclusions of
the draft report; 2 respondents agreed with parts of the
draft report; 4 respondents raised specific points but did not
state whether they agreed with the main conclusions; and
7 respondents did not agree with the conclusions. The
responses can be viewed, in full, on the SACN website
(www.sacn.gov.uk).

75

Scientific Advisory Committee on Nutrition

Papers considered by the Salt Subgroup
Alam S, Johnson AG. A meta-analysis of randomised controlled
trials (RCT) among healthy normotensive and essential
hypertensive elderly patients to determine the effect of high salt
(NaCl) diet of blood pressure. Journal of Human Nutrition
Hypertension 1999; 13[6]:367-74.
Al-Dahhan J, Haycock GB, Chantler C, Stimmler L. Sodium
homeostasis in term and preterm neonates. I. Renal aspects.
Archives of Disease in Childhood 1983; 58:335-42.
Al-Dahhan J, Haycock GB, Chantler C, Stimmler L. Sodium
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Alderman M. Letter. New England Journal of Medicine 2001;
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Annex 3
Main Sources of Sodium from Foods
Table 1: Amount of sodium and percentage contributions
that different foods make to average intake of
sodium/person/day (National Food Survey*)
Food

Sodium
(g)

Cereals & cereal products

Salt
%
(g) Contribution

0.98

2.50

37.7

Meat & meat products

0.54

1.38

20.8

Other foods

0.33

0.84

12.7

0.22

0.56

8.5

Milk & cream

0.14

0.36

5.4

Fats & oils

0.12

0.31

4.6

Cheese

0.11

0.28

4.2

Fish

0.07

0.18

2.7

Eggs

0.02

0.05

0.8

Fresh vegetables

0.02

0.05

0.8

Fruit

0.01

0.03

0.4

TOTAL

2.56

6.54

98.6

(e.g. bread, breakfast cereals, biscuits,
cakes, pastries)

(e.g. soups, pickles, sauces, baked beans)

Processed vegetables
(including crisps & snacks)

(1g sodium is equivalent to 2.55g salt)
* Sodium intakes for the National Food Survey are assessed from
household food only and exclude salt added at the table or during
preparation/cooking of food. Also excludes sodium in foods eaten
out of the home.
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96
0.02
0.02

Sugars, preserves, confectionery

Eggs & egg dishes

5.28

0.00

0.11

0.05

0.05

0.16

0.11

0.16

0.32

0.21

0.53

0.37

1.06

2.11

(g)

Salt

99

0

2

1

1

3

2

3

6

4

10

7

20

40

%

2.40

0.00

0.02

0.02

0.05

0.05

0.07

0.07

0.12

0.12

0.17

0.17

0.50

1.01

(g)

Sodium

6.12

0.00

0.06

0.06

0.12

0.12

0.18

0.18

0.31

0.31

0.43

0.43

1.29

2.57

(g)

Salt

7-10

99

0

1

1

2

2

3

3

5

5

7

7

21

42

%

2.68

0.00

0.03

0.03

0.05

0.05

0.08

0.05

0.13

0.13

0.24

0.16

0.64

1.07

(g)

Sodium

Age in years

6.84

0.00

0.07

0.07

0.14

0.14

0.21

0.14

0.34

0.34

0.62

0.41

1.64

2.74

(g)

Salt

11-14

100

0

1

1

2

2

3

2

5

5

9

6

24

40

%

3.27

0.00

0.07

0.03

0.03

0.07

0.07

0.10

0.13

0.20

0.29

0.13

0.91

1.24

(g)

Sodium

8.33

0.00

0.17

0.08

0.08

0.17

0.17

0.25

0.33

0.50

0.75

0.33

2.33

3.16

(g)

Salt

15-18

100

0

2

1

1

2

2

3

4

6

9

4

28

38

%

*Sodium intakes for the National Diet and Nutrition Surveys exclude salt added at the table or during preparation/cooking of food.

2.07

0.06

Fish & fish dishes

TOTAL (average daily intake)

0.04

Fats & spreads

0.04

0.06

Cheese

0.00

0.12

Milk & milk products (excl cheese)

Fruit & nuts

0.08

Other foods
(e.g. soups, pickles, sauces, baked beans)

Drinks

0.14
0.21

0.41

Meat & meat products

Vegetables & potatoes

0.83

Cereals & cereal products

Savoury snacks

(g)

FOOD

Sodium

4-6

Table 2: Amount of sodium and percentage contribution of food types to the average daily intake of sodium by age
for boys (1997 National Diet and Nutrition Survey: young people aged 4-18 years*)
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0.72
0.35
0.15
0.15

Cereals & cereal products

Meat & meat products

Savoury snacks

Vegetables & potatoes

1.86

TOTAL (average daily intake)

4.74

0.00

0.09

0.05

0.05

0.14

0.14

0.19

0.28

0.24

0.38

0.38

0.90

1.85

(g)

Salt

99

0

2

1

1

3

3

4

6

5

8

8

19

39

%

2.16

0.00

0.02

0.02

0.04

0.04

0.06

0.06

0.11

0.11

0.13

0.17

0.45

0.91

(g)

Sodium

5.50

0.00

0.05

0.05

0.11

0.11

0.16

0.16

0.27

0.27

0.33

0.44

1.15

2.31

(g)

Salt

7-10

99

0

1

1

2

2

3

3

5

5

6

8

21

42

%

2.27

0.00

0.03

0.03

0.05

0.05

0.08

0.08

0.11

0.19

0.21

0.21

0.59

1.02

(g)

Sodium

Age in years

5.79

0.00

0.07

0.07

0.14

0.14

0.21

0.21

0.27

0.48

0.55

0.55

1.51

2.60

(g)

Salt

11-14

100

0

1

1

2

2

3

3

4

7

8

8

22

38

%

2.28

0.00

0.07

0.07

0.03

0.10

0.10

0.13

0.10

0.29

0.33

0.16

0.69

1.21

(g)

Sodium

5.81

0.00

0.17

0.17

0.08

0.25

0.25

0.33

0.25

0.75

0.83

0.42

1.75

3.08

(g)

Salt

15-18

100

0

2

2

1

3

3

4

3

9

10

5

21

37

%

*Sodium intakes for the National Diet and Nutrition Surveys exclude salt added at the table or during preparation/cooking of food.

0.04
0.00

Fruit & nuts

Eggs & egg dishes

Drinks

0.02
0.02

Sugars, preserves, confectionery

0.06
0.06

0.07

Cheese

Fish and fish dishes

0.11

Milk & milk products (excl cheese)

Fats & spreads

0.09

(e.g. soups, pickles, sauces, baked beans)

Other foods

(g)

FOOD

Sodium

4-6

Table 3: Amount of sodium and percentage contribution of food types to the average daily intake of sodium by age
for girls (1997 National Diet and Nutrition Survey: young people aged 4-18 years*)
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Annex 4
Dietary Reference Values for Sodium
The Dietary Reference Values (DRVs) for essential nutrients
agreed by COMA1 (DH, 1991) set a range of intakes based on
assessment of the distribution of requirements for each
nutrient. The Reference Nutrient Intake (RNI) represents the
intakes required to meet 97.5% of the population. The Lower
Reference Nutrient Intake (LNRI) represents the lowest intakes
which will meet the needs of only 2.5% of the population.
DRVs for sodium were based on consumption patterns and
the balance of risks and benefits which might practically be
expected to occur, given the prevailing socio-cultural
environment. It was difficult to determine a toxic threshold
for sodium intake because a proportion of the population
may be more susceptible to the effects of sodium than
others (genetics, age and ethnic group may be factors).
Dietary Reference Values for Sodium mmol/d (mg/d)
AGE
0-3 months
4-6 months
7-9 months
10-12 months
1-3 years
4-6 years
7-10 years
11-14 years
15-18 years
19-50 years
50+ years

LRNI
6 (140)
6 (140)
9 (200)
9 (200)
9 (200)
12 (280)
15 (350)
20 (460)
25 (575)
25 (575)
25 (575)

RNI
9
12
14
15
22
30
50
70
70
70
70

1mmol = 23 mg sodium; 1g salt contains 17.1 mmol sodium
1 Committee on Medical Aspects of Food and Nutrition Policy

(210)
(280)
(320)
(350)
(500)
(700)
(1200)
(1600)
(1600)
(1600)
(1600)
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Annex 5
Average Blood Pressures (mm Hg) for Men
and Women in England, Scotland, and
Northern Ireland
(Measurements based on a valid blood pressure reading)

COUNTRY*

AGE (years)
16-24 25-34 35-44 45-54 55-64 65-74 75+

England
(2001)
Men
Systolic 130
Diastolic 64
Women Systolic 120
Diastolic 63

130
71
120
68

130
76
123
71

136
81
132
74

142
82
140
75

145
79
147
75

148
77
154
75

Scotland
(1998)
Men
Systolic 125
Diastolic 62
Women Systolic 117
Diastolic 62

128
69
117
66

128
74
121
70

134
79
130
73

141
80
139
74

145
78
149
73

-

Northern Ireland
(1997)
Men
Systolic 125
Diastolic 60
Women Systolic 118
Diastolic 62

130
69
118
66

131
76
117
68

131
78
128
72

143
82
137
73

144
78
144
74

148
74
152
73

* Data for Wales were unavailable
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Annex 6
Overview of Sodium Metabolism and
Regulation
Body sodium content is tightly regulated and closely related
to water homeostasis. The total body content of sodium is
regulated by a balance between dietary intake and renal
excretion. Sodium excretion can be adjusted widely to
match sodium intake and is highly efficient and adaptable.
Changes in total body content of sodium are paralleled by
changes in the extra cellular fluid (ECF) volume. When total
sodium content is low, ECF volume is depleted and this is
sensed by pressure receptors located in the cardiac atria and
thoracic veins, which results in increased renal sodium
conservation. When the total sodium content is high,
volume overload develops which is sensed by high-pressure
receptors in the carotid sinus and the renal juxtaglomerular
apparatus, leading to an increase in natriuresis so that
volume can be adjusted to normal.
The renin-angiotensin-aldosterone pathway is found in
several different tissues, but most notably the kidney. The
system regulates blood volume, arterial pressure, and
cardiac and vascular function. Sympathetic stimulation,
renal hypotension and reduced sodium delivery to the distal
renal tubules generates renin release by the kidney. Renin
acts on angiotensinogen to convert it to angiotensin I.
Angiotensin converting enzyme (ACE), which is located in
the pulmonary capillaries, cleaves angiotensin I to produce
angiotensin II, a potent vasoconstrictor, which causes an
increase in vascular resistance and hence arterial pressure.
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Angiotensin II also acts on the adrenal cortex to produce
aldosterone causing the kidneys to increase sodium and
fluid retention; it also stimulates the release of antidiuretic
hormone, which increases fluid retention.
A number of natriuretic factors increase renal sodium
excretion. These include a specific natriuretic hormone,
parathormone, prostaglandins and kinins. They exert their
effects on the renal vasculature or on renal tubular
reabsorption. Atrial natriuretic peptides (ANP), found in
cardiac atrial tissue, appear to play an important role in the
regulation of ECF volume, sodium metabolism, and blood
pressure.
Human neonates are in negative sodium balance for the first
four or so days of life and then gradually shift to positive
sodium balance over 2-3 weeks. The renin-angiotensinaldosterone system is known to be very active in the early
postnatal phase. A slight increase in plasma renin activity
occurs at 3-5 days of postnatal life followed by a marked
decline in the next 1-6 weeks. By 3-5 years, plasma renin
activity and plasma aldosterone values are similar to those
of adults.
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70 meq Na (7days), 345 meq Na (7 days)

20-40 meq Na, 500 meq/100 ml CCr (until in balance)

10meq Na (7 days), 100meq Na (7 days), 200 meq Na
(7 days); random order

6g NaCl(2 days), 15g NaCl (5days)

50 meq Na (14 days), 300meq Na (14 days); random order

Ad libitum, mefruside 25 mg/day (7days), 180 meq Na (7days)

Takeshita, 1982

Koomans, 1982

Campese, 1982

Ishii, 1983

Koolen, 1983

Fujita, 1984

NT and BHT

HT

NT and HT

HT

CRF

HT

HT

NT and BHT

I:150 meq Na (3 days), 9 meq Na, 1mg/kg furosemide (4 days),
25ml/kg NS (3days)
II: 150meq NA (3days), 25ml/kg NS (3days), 9meq Na
1mg/kg furosemide (4days)

NT and HT

9 meq Na (7 days), 249 meq Na (7 days), 9 meq Na (4 days)
40 mg furosemide t.i.d (1 day)

Fujita, 1980

HT

Dustan and Kirk,
1988

Ad libitum (1day), 10meq Na (4 days), ad libitum (2 days)
200meq Na (4days)

NT and HT

109 meq Na (7days), 9meq Na (7 days), 240 meq Na (7days)

Kawasaki, 1978

Sullivan,1980

Subjects

Weinberger, 1986 2l NS (4hr), 10meq Na, 40 mg furosemide t.i.d.

Protocol

Author

Sodium Sensitivity: Methods and Criteria2

–
26%
–

Mean BP*

–

Mean BP>10mm Hg
Mean BP↓>10mm Hg

–
Mean BP*

–

–

Mean BP*

Mean BP*

–

Mean BP>10%

–

Mean BP>10%

15%

Mean BP>10%

Mean BP>5%

–

Mean BP>10%

–

51%

–

32%

–

60%

–

47%

50%

29%

50%

Prevalence
NT
HT

Criteria
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220meq Na (7days), 20 meq Na (7days)

34meq Na(8days), 340 meq Na (8days)

Sharma, 1989

Umeda, 1989

HT

NT

Mild and
moderate HT

NT and obese

NT and HT blacks

Subjects

–
–
–
46%
–

Mean BP>5% or
systolic BP>10%
Mean BP*
Mean BP*
Mean BP>3mm Hg
Mean BP>10%

–

–

–

–

–

Prevalence
NT
HT

Criteria

2 Source: Sullivan (1991)

BP, blood pressure; NS, normal saline; NT, normotensive; HT, hypertensive; BHT, borderline hypertensive; CRF, chronic renal failure.
* No numerical cutoff was used
 change

250 meq Na (14 days), 30 meq Na (14 days)

3g NaCl (7 days), 20g NaCl (7days)

Oshima, 1989

40 meq Na (14 days), 180 meq Na (14 days)

Sowers, 1988

Rocchini, 1989

Protocol

Author

Scientific Advisory Committee on Nutrition

Type

Prospective

Prospective

Study

Alderman et al (1995)
Low urinary sodium is associated
with greater risk of myocardial
infarction among treated
hypertensive men

Alderman et al (1998)
Dietary sodium intake and
mortality: the national health
and nutrition examination survey
(NHANES I)

Outcome of
interest

Hypertensives Morbidity and
(n=2937)
mortality events
– incidence of
MI, stroke,
and CVD

Participants

17-21 years General
All-cause and
population
CVD mortality
(16%
hypertensives)
(n=11 346)

3.5 years

Duration

Single
24-hour
dietary
recall

Single
24-hour urine
collection
at baseline

160/95

160/90

Method for
BP (mm Hg)
measurement criteria for
of exposure
hypertension
SBP/DBP

Sex
Age
Race
BMI
CVD history
Hypertension
history

Age
Race
Sex
Smoking status
CVD history
Cholesterol levels

Allowance for
other
cardiovascular
risk factors in
the analysis*

Design of Studies since 1994 Examining the Effects of Salt and Blood
Pressure on Morbidity and Mortality

Annex 8

Scientific Advisory Committee on Nutrition

107

108

Randomised 20 months Chimpanzees
controlled
(n=26)
trial
age: 5-18y

Denton et al (1995)
The effect of increased salt
intake on blood pressure
of chimpanzees

Blood pressure

Hypertensive Blood pressure
& normotensive
untreated
elderly subjects
(n=47)
age: 60-78y
mean age: 66.8y
BP range
123-205/64-112

Outcome of
interest

Randomised 2 months
controlled
trial

Participants

Cappuccio et al (1997)
Double-blind randomised
trial of modest salt restriction
in older people

Duration

Normotensives Blood pressure
&
hypertensives
(n= 459)
age: ≥ 22y
BP <160/80-95

Type

Appel et al (1997)
Randomised 8 weeks
A clinical trial of the effects of
controlled
dietary patterns on blood pressure. trial
DASH collaborative research group

Study

24 hour urine n/a
collections by
catheterisation

2 consecutive not stated
24-hour urine
collections at
baseline, 2 weeks
after salt
restriction
phase & end
of each month
of intervention

24-hour urine 140/90
prior to
intervention &
during last
2 weeks of
intervention

Method for
BP (mm Hg)
measurement criteria for
of exposure
hypertension
SBP/DBP

Age
Sex

Age
Sex
CVD history
Hypertension

Sex
Age
Ethnicity
Alcohol intake
Physical activity
BMI
BP history
Recent
cardiovascular
event

Allowance for
other
cardiovascular
risk factors in
the analysis*
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Type

Prospective

Prospective

Study

Geleijnse et al (1996)
Long-term effects of
neonatal sodium restriction
on blood pressure

He et al (1999)
Dietary sodium intake
and subsequent risk of
cardiovascular disease in
overweight adults

Outcome of
interest

Method for
BP (mm Hg)
measurement criteria for
of exposure
hypertension
SBP/DBP

Incidence and
mortality of
cardiovascular
disease

Single 24-hour 160/95
dietary recall
at baseline
and questioned
whether always
used table salt

Children 15y
Blood pressure One overnight n/a
of age followed
urine sample
up since birth
(n=167)

Participants

17-21 years General
population
(n=9585)

15 years

Duration

Sex
Age
Race
BMI
Physical activity
Hypertension
Alcohol intake
Smoking status
Serum cholesterol
CVD History

Sex
BMI
Hypertension
family history
Smoking status
Physical activity
Alcohol intake

Allowance for
other
cardiovascular
risk factors in
the analysis*
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Randomised 4 years
controlled
trial

Retrospective 7.3 years

Liebson et al (1995)
Comparison of five
antihypertensive monotherapies
and placebo for change in left
ventricular mass in patients
receiving nutritional-hygienic
therapy in the treatment of
mild hypertension study
(TOMHS)

Morimoto et al (1997)
Sodium sensitivity and
cardiovascular events in patients
with essential hypertension

Duration

Type

Study

Outcome of
interest

Hypertensives Cardiovascular
(n=156)
events

Hypertensives Change in left
(n=844)
ventricular
mean age: 55y mass

Participants

Urinary sodium not clear
excretion rate
over last 3 days
of each diet

Food records
every 6 months

2 consecutive not stated
overnight
collections
before
randomisation
and every
6 months
thereafter

Method for
BP (mm Hg)
measurement criteria for
of exposure
hypertension
SBP/DBP

Age
Sex
BMI
Smoking status
Serum cholesterol
Blood pressure
CVD history

Age
Sex
Race
BMI
Alcohol intake
Smoking status
Physical activity
History of
hypertension
Cholesterol levels
History or clinical
evidence of CVD

Allowance for
other
cardiovascular
risk factors in
the analysis*
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Randomised 30 days
controlled
trial

Randomised 36-48
controlled months
trial

Sacks et al (2001)
Effects on blood pressure of
reduced dietary sodium and
the Dietary Approaches to
Stop Hypertension (DASH) diet

Trials of Hypertension
Prevention Collaborative
Research Group (1997)
Effects of weight loss and sodium
reduction intervention on blood
pressure and hypertension
incidence in overweight people
with high normal blood pressure

Duration

Type

Study

Healthy,
moderately
overweight
men & women
(n=2382)
mean age: 44y

Normotensives
& hypertensives
(n=412)
age: ≥ 22y
BP range
120-159/80-95

Participants

Blood
pressure

Blood
Pressure

Outcome of
interest

Allowance for
other
cardiovascular
risk factors in
the analysis*

Sex
Ethnicity
BMI
Smoking status
Alcohol intake
CVD history
Current
hypertension

140-159/90-95 Sex
Age
Ethnicity
Hypertensive status
BMI
CVD history
Alcohol intake

At 6 months, 140/90
24-hour urine
collection from
25% random
sample At 18 &
36 months,
24-hour
urine collection
from all
participants.
24-hour dietary
recall & 3 day
food record
information

24-hour urine
during
screening
period and
last week of
intervention
period

Method for
BP (mm Hg)
measurement criteria for
of exposure
hypertension
SBP/DBP
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Type

Prospective

Prospective

Prospective

Study

Tunstall-Pedoe et al (1997)
Comparison of the prediction by
27 different factors of coronary
heart disease and death in men
and women of the Scottish
heart health study: cohort study

Tuomilehto et al (2001)
Urinary sodium excretion and
cardiovascular mortality in
Finland: a prospective study

Weinberger et al (2001)
Salt sensitivity, pulse pressure,
and death in normal and
hypertensive humans

27 years

8-13 years

7.6 years

Duration

Normotensives
&
hypertensives
(n=708)
age at baseline:
18-80y

General
population
(n=2436)
age: 25-64y

General
population
(n=11 629)
age: 40-59y

Participants

Incidence and
mortality
caused by
CVD events

Frequency and
mortality of
cardiovascular
disease and
all-cause
mortality
Not carried
out

24-hour urine
collection

not stated

n/a

n/a

Method for
BP (mm Hg)
measurement criteria for
of exposure
hypertension
SBP/DBP

Mortality from 24-hour urine
coronary heart collection at
disease, coronary baseline
events, coronary
artery surgery,
all-cause
mortality

Outcome of
interest

Age
Sex
Race
BMI
Blood pressure

Age
Sex
Serum cholesterol
Blood pressure
Smoking status
BMI

Age
Sex

Allowance for
other
cardiovascular
risk factors in
the analysis*
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Crosssectional

Yamori et al (1994)
Nutritional factors for stroke
and major cardiovascular
diseases: international
epidemiological comparison
of dietary prevention

Outcome of
interest

General
population
(n = over 5000)
age: 48-56y

Blood pressure
Mortality rates
for stroke and
ischaemic
heart disease

Treated
Blood pressure
hypertensives Treatment with
with BP<145/85 antihypertensive
while receiving medication
one antiCardiovascular
hypertensive
events
drug
(n=975)
age: 60-80y
mean age: 66.5y

Participants

24-hour
urine
collection

not stated

24-hour urine 140/90
collections &
24-hour dietary .
recall obtained
twice during
enrolment
period, 9m,
18m & final
visit

Method for
BP (mm Hg)
measurement criteria for
of exposure
hypertension
SBP/DBP

Age
Sex
BMI
Serum cholesterol

Age
BMI
Sex
Race
Smoking status
Alcohol intake
CVD history

Allowance for
other
cardiovascular
risk factors in
the analysis*

activity, hypertension/hypertension history (individual or family), CVD history (family or individual), cholesterol levels

*Only main cardiovascular disease (CVD) risk factors of interest are listed: age, sex, alcohol intake, race, smoking status, body mass index (BMI), physical

n/a

Randomised 15-36
Controlled months
Trial

Whelton et al (1998)
Sodium reduction and weight loss
in the treatment of hypertension
in older persons. A randomized
controlled trial of
nonpharmacologic interventions
in the elderly (TONE)

Duration

Type

Study
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Randomised trials of
sodium reduction: an
overview

Cutler et al (1997)

Random allocation; free
of confounding; sodium
intake measured by 24h
or 8h urinary sodium
excretion; SBP, DBP or
both measured; study
subjects not prepubertal children;
sodium intake goals
within usual levels of
industrialised countries.

1m
3m
1m
6m

median/mean age of participants
not stated

22 trials hypertensives (n=946)
median duration crossover trials
median duration parallel design
12 trials normotensives (n=1689)
median duration crossover trials
median duration parallel design

mean duration 25 wks

5 trials subjects 60y (n=158)
6 trials subjects close to 60y (n=318)
(9 trials hypertensives/2 trials
normotensives)

Randomised controlled
trials of the effect of
chronic salt ingestion in
the elderly where BP
and age data provided.

Alam et al (1999)

A meta-analysis of
randomised controlled trials
(RCT) among healthy
normotensive and essential
hypertensive elderly
patients to determine the
effect of high salt (NaCl)
diet on blood pressure

Number of
trials/participants/duration

Inclusion criteria

Study

76
71
Normotensives:
crossover trials 106
parallel design: 71

Hypertensives:
crossover trials:
parallel design:

Median reductions:

Not stated

Sodium excretion
(mmol/24hr)

Meta-Analyses & Systematic Reviews Published Since 1994
of Studies on Salt and Blood Pressure

All trials: 2.81/1.52
(CI: 2.23 to 3.39/1.14 to 1.9)

Normotensives: 1.90/1.09
(CI: 1.18 to 2.62/0.61 to 1.57)

Hypertensives: 4.83/2.45
(CI: 3.79 to 5.87/1.77 to 3.13)

Pooled decrease:

All trials 5.58/3.5
(p=0.05/p=0.76)

Subjects close to 60y:
3.27/2.69
(CI: 1.23 to 5.31/1.44 to 3.94)

Subjects 60y: 5.46/2.63
(CI: 3.56 to 7.36/1.18 to 4.08)

Pooled mean increase:

Mean change in SBP/DBP
(mm Hg)

Annex 9
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Effects of sodium restriction
on blood pressure, renin,
aldosterone, catecholamines,
cholesterols, & triglyceride

Graudal et al (1998)

Lowering blood pressure:
a systematic review of
sustained effects of nonpharmacological
interventions

Random allocation to
low or high sodium
diet, sodium intake
measured by 24-hour
urine collection or from
sample of at least 8hrs,
SBP & DBP reported,
mean age >15 years

Mean difference
between high and
low sodium diets:
Hypertensives 118
Normotensives 160

58 trials hypertensives (n=2161)
mean age 49y
median duration 28 days
56 trials normotensives (n=2581)
mean age 27y
median duration 8 days

mean/median age of participants
not stated

Normotensives: 1.2/0.26
(p<0.001/p=0.12)

Hypertensives: 3.9/1.9
(p<0.001/p<0.001)

Pooled decrease

Normotensives: 1.3/0.8
(CI: 0.1 to 2.7/0.2 to 1.8)

Pooled decrease:

mean/median trial duration not
stated

Not stated

Mean change in SBP/DBP
(mm Hg)

Hypertensives: 2.9/2.1
(CI: 0 to 5.8/0.1 to 4.0)

salt reduction intervention:

Randomised controlled
trials of blood pressure
lowering by specific
interventions – salt
reduction, weight
reduction, stress
management, exercise,
alcohol reduction;
adults > 40y; follow-up
of > 26 weeks

Ebrahim & Davey Smith
(1998)

Sodium excretion
(mmol/24hr)

6 trials hypertensives (n=466)
2 trials normotensives (n=1095)

Number of
trials/participants/duration

Inclusion criteria

Study

Scientific Advisory Committee on Nutrition

Hooper et al (2002)

Systematic review of long
term effects of advice to
reduce dietary salt in adults

Randomisation
adequate; usual or
control dietary group;
intervention aimed to
reduce sodium intake &
not multifactorial;
participants not
children/acutely ill/
pregnant/
institutionalised;
follow-up at least 26
weeks; data on any of
review outcomes
available

Duration > 4 weeks

median/mean trial duration
not stated

3 trials normotensives (n=2326)
mean age 40y

3 trials treated
hyptertensives (n=801)
mean/median age not
stated/range 55-67y

5 trials untreated
hypertensives (n=387)
mean/median age not
stated/range 16-64y

11 trials normotensives (n=2220)
median age 49y
median duration 4 weeks

17 trials hypertensives (n=734)
median age 49y
median duration 6 weeks

Randomised trials with
a modest salt reduction
in salt intake; no
concomitant
interventions; net
reduction in urinary
sodium intake > 40
mmol; participants not
children or pregnant

He and MacGregor (2002)

Effect of modest salt
reduction on blood
pressure. A meta-analysis
of randomised trials.
Implications for public
health

Number of
trials/participants/duration

Inclusion criteria

Study

13-60 months:
(CI 47.2-23.9)

6-12 months:
(CI 65.4-32.5)

35.5

48.9

Hypertensives: 4.96/2.73
(p<0.001/0.001)

13-60 months: 1.1/0.6
(CI: 1.8 to 0.4/1.5 to –0.3)

6-12 months: 2.5/1.2
(CI: 3.8 to 1.2/1.8 to 0.7)

Pooled decrease

Normotensives: 2.03/0.97
(p<0.001/0.001)

Pooled decrease:

Hypertensives: 78
Normotensives: 74

Mean change in SBP/DBP
(mm Hg)

Median decrease:

Sodium excretion
(mmol/24hr)
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118
28 trials normotensive (n=2374)
median age 26y
median duration 14 days

28 trials hypertensives (n=1131)
median age 47y
median duration 29 days

Random allocation;
dietary sodium
intervention;
measurement of urinary
sodium excretion as
measure of sodium
intake; reporting of
both SBP & DPB

Midgley et al (1996)

Effects of reduced dietary
sodium on blood pressure.
A meta-analysis of
randomised controlled trials

Number of
trials/participants/duration

Inclusion criteria

Study

Hypertensives
95
Normotensives 125

Mean excretion

Sodium excretion
(mmol/24hr)

Normotensives: 1.0/0.1
(p<0.001/p=0.64)

Hypertensives: 3.7/0.9
(p<0.001/p=0.09)

Decrease per 100 mmol/d
reduction in sodium
excretion:

Mean change in SBP/DBP
(mm Hg)
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