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Summary

High blood pressure (defined as > 140/90 mmHg) is the biggest contributor to
heart disease-related death in the world. According to WHO World Heath Report
2002, globally 62% of cerebrovascular disease and 49% of ischemic heart disease
were attributable to elevated blood pressure. A multifaceted strategy to reduce
the risks associated with high BP includes healthy lifestyle changes, with

reduction in dietary salt intake being the most cost-effective intervention.

Multiple lines of investigation including genetic, epidemiological and
interventional studies have demonstrated consistently a positive relationship
between salt intake, blood pressure increment and cardiovascular consequences.
In addition, it has been documented that excessive salt intake can be attributed
to other health complications such as asthma, osteoporosis, obesity and gastric
cancer. On the contrary, reduction in salt intake has been shown to reduce
blood pressure and improve health outcomes, although the evidence is not
completely unequivocal. Despite this discrepancy, low-sodium diet is widely
being recommended to all hypertensive patients in particular, as evidence
against its efficacy in conjunction with optimum hypertensive treatment is well
established.

The work contained in this thesis describes a study which was designated to
assess sodium and its clinical outcomes among hypertensive patients. All
patients attending follow-up care at Glasgow Blood Pressure Clinic (GBPC),
Western Infirmary were invited to participate in the first part of the study by
completing two separate questionnaires; first containing food frequency
questionnaire (FFQ) to estimate salt intake and the other involves knowledge,
attitude and perception (KAP) towards dietary salt consumption. In the second
part of the study, data obtained from the FFQ for sodium estimation and spot
urine analysis were merged to the corresponding dataset from GBPC database to
study blood pressure outcomes, and finally the effects of serum sodium and

mortality were investigated in an uncontrolled hypertensive cohort of GBPC.

To determine salt intake status among the patients, a modified FFQ was

constructed and validated against corrected spot urine samples and 24-hour



urine collections in sub-samples. On average, FFQ provided higher estimates of
sodium consumption compared to estimation based on corrected spot urine
sodium. The FFQ demonstrated a strong sensitivity (80.2%), high negative
predictive value (61.1%) and significant moderate strength of reproducibility (r =
0.619, k = 0.505). The application of this modified version of sodium FFQ in an
out-patient clinic setting is acceptable provided that it is used in conjunction

with other monitoring parameter such as serial spot urine measurements.

Assessment on current level of awareness and practise regarding healthy salt
intake is important as this will encourage patients to take active control over
their own BP management. In this study, patients’ knowledge, awareness,
attitude and perception (KAP) towards salt intake were examined based on KAP
questionnaire. Overall, majority of patients recognized the harmful effects of
too much salt in their diet although very few knew that salt can contribute to
various health complications other than increased in blood pressure. Knowledge
regarding salt intake limit and sodium to salt conversion need to be improved.
Further education is suggested to improve patients’ attitude regarding food-

label utilisation and salt-sensory adaptation.

The association between daily sodium consumption and related clinical outcomes
were studied in a cohort of treated hypertensive patients attending the
specialist Glasgow Blood Pressure Clinic. Complete data for all covariates were
available for 439 patients. Analysing longitudinal SBP and DBP change over time,
subjects in the highest tertile of salt intake based on FFQ showed the greatest
and sustained drop in SBP in contrast to those in the lowest tertile of salt intake.
Whilst this is counter-intuitive, the association can be explained by the higher
prevalence of cardiovascular disease and LVH in the highest tertile. It is likely
that these individuals were subject of aggressive BP management because of
their co-morbidities. This highlights the major drawback of observational studies
which is confounding and this can be addressed through randomised control

studies.

Serum sodium is homeostatically maintained within a narrow range through
multiple mechanisms. Previous studies have shown that hyponatremia is a poor

prognostic sign in hospitalised patients, patients with heart failure and liver
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disease. In a large cohort of 13380 treated hypertensive patients followed up for
35 years, | have shown that low serum sodium is associated with increased
mortality when adjusted for all the conventional covariates. However this
relationship disappears when the additional electrolytes are included in the
model (chloride, bicarbonate and potassium). This novel finding raises the
prospect that other electrolytes may have a bigger impact on blood pressure and

cardiovascular risk - not sodium in isolation.

In summary, FFQ can be a useful tool for assessing sodium compliance in
hypertensive patients, provided that it’s being used in conjunction with other
robust dietary measure such as 24-hour urine collection. Health care
professionals and public agencies need to contribute actively to improve patients
overall knowledge, awareness, attitude and perception towards healthy salt
intake. The observational nature of the hypertensive cohort in this study limits
the generalisability of the findings to the population though it may be relevant
to similar treated hypertensive cohorts. The role of other electrolytes on blood

pressure control and cardiovascular outcomes deserve further investigations.
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1.1 History of salt intake

Sodium, the cation of salt was first discovered in 1807 by the English chemist Sir
Humphrey Davy through the electrolysis of sodium hydroxide. The symbol of the
element is ‘Na’ originating from the Latin name for a common sodium compound
known as natrium (from the Greek ‘nitron’ refers to a natural salt) (1;2).
Commonly found in foods as sodium chloride, salt is the key ingredient in taste
enhancement as well as food preservation. It can also be considered as a major
food additive since it contributes to approximately 90% source of sodium in

today’s modern diet (3).

Historical evolution proposed that human developed a hedonistic taste for salt
and have been adding it to food since 10,000 years ago. Romans in the first
century AD consumed large amounts of salt. Gaius Plinus Secundus (Pliny The
Elder) estimated that an average of 25 g of salt was ingested daily from food as
it was presented at the table. He also believed that salty foods made people
slim, whereas sweet foods made them fat (4). Romans used salt as currency

”

(“salary”) and considered it synonymous with health (“salus,” “salubritas”) and
more necessary than gold (5) . The habit of adding salt to meals at the table was
developed particularly during the Renaissance, when the salt cellar became both
common usage and art object. For instance, a salt dispenser was presented to
Francois | as a gift by Benvenuto Cellini in 1543 (Figure 1-1). It was suspected
that the French king must have used it excessively because he died of apoplexy 4

years after receiving the present, at the age of 52 years (5).

In ancient medical science, salt is mentioned as an essential ingredient in some
of the oldest medical scripts. The ancient Egyptian papyrus Smith, recommends
salt for the treatment of an infected chest wound since it was believed that salt
would dry out and disinfect the lesion. The healing methods of Hippocrates
denote salt as a powerful expectorant ingredient; therefore mixture of water,
salt and vinegar has been employed as emetic potion. Hippocrates also
mentioned inhalation of steam from salt-water which was claimed to provide
relief from respiratory symptoms. In addition, salt-based remedies have been
widely prescribed in Greek medicine for various medical conditions such as
eczema, psoriasis, mycosis, constipation, fever and even for accelerating
childbirth (6).
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Figure 1-1. Salt cellar made of gold, enamel, and e  bony by Benvenuto Cellini (1500 to 1571)

This was presented in 1543 as a gift to Francois |,  King of France (1494 to 1547). From (5).

Other than its therapeutic value, salt has also been extensively used in
preservation. It was claimed that the Chinese were the first to discover that salt
could be used to preserve foods (7). Preservation was achieved by soaking meat
in brine, allowing salt to permeate food making bacterial life impossible. Salt
then became the substance of high economic value as it was possible to preserve

foods during winter and allowed the development of settled communities.

The economic value of salt is reflected by the fact that a lot of cities are named
after salt: Salins in France, Salzburg in Austria, Salzkotten in Prussia, Saltdean in
England and Saltcoats in Scotland. The ending of the word ‘wich’ also denotes
that in the past salt had been produced in a saltern in this specific village. The
Celtic syllable ‘hal’ (for salt) can be found in city names such as Hall/Tirol while
the German word for salt which is ‘salz’ can also be found in village names such
as Langensalza and Saltcotes (8). One of the oldest roads in Italy is the Via
Salaria (Salt Route) over which Roman salt from Ostia was carried into other
parts of Italy. In fact, cakes of salt were once deemed as highly valuable and had

been used as money in Ethiopia and elsewhere in Africa and in Tibet (9).
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During several millions years of evolution, human beings like all other mammals,
consumed less than 0.25 g of salt per day (3). This was mainly the amount of salt
naturally present in food to provide enough to regulate the amount of fluid in
our bodies. Strong mechanisms for conserving salt within our bodies were then
developed (7). These involved complex interactions of various systems in the

human body with the kidney having a vital role.

Human kidneys are programmed to conserve sodium and excrete potassium.
Prehistoric humans, who consumed a sodium-poor and potassium-rich diet, were
well served by this mechanism. A typical Palaeolithic diet contains 30 mmol of
sodium per day so that human physiology evolved over millions of years in a low-
sodium, high potassium environment (Table 1-1). With such a diet, sodium
excretion is almost negligible and potassium excretion is high, matching total
potassium consumption. In contrast, today’s modern diet consists of highly
salted processed foods, which makes the salt-conserving mechanism potentially
dangerous. Modern humans are ill-equipped to handle the current exposure of
high sodium diet. As a result, the kidneys fail to adapt with this new diet
revolution leading to an excess of sodium particularly in hypertensive patients
(10).
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Table 1-1. Estimated diet of late Palaeolithic man  compared with that of contemporary
Americans.

Late Paleolithic diet Current American diet
(assuming 35% meat)

Protein (% of energy) 30 12
Carbohydrate (% of energy) 45-50 46
Fat (% of energy) 20-25 42
Polyunsaturated-saturated 1.41 0.44
fat ratio

Fiber (g/d) 86 10-20
Sodium (mg) 604 3400
Potassium (mg) 6970 2400
Potassium-sodiumratio 12 :1 0.7:1
Calcium (mg) 1520 740

The essential element of salt as a preservative was no longer relevant with the
invention of the refrigerator and the deep freezer. Cooling techniques have
made it possible to gradually reduce the addition of salt to foods. This new
means of preservation method started in the United States around 1925 and
became popular in most European countries only after 1950 (11). Along with a
decrease in consumption of potatoes, bread and cereals, salt intake and sales
had been declining particularly as observed in Belgium, Switzerland and France.
Nevertheless, with recent widespread inexpensive commercial access to salt, its
intake is now increasing again. In developed countries, salt intake is usually
between 9 to 12 g/day, with many Asian countries having mean intakes over 12
g/day (12). These values are far greater than the current recommended
maximum daily intake of salt. The current World Health Organization
recommendations for adults are to reduce salt intake to 5 g/day or less, and the

UK and US recommendations are 6 g/day or less (13).
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1.2 Difference between salt and sodium

The terms salt and sodium are often used synonymously, however, on a weight
basis, salt comprises 40% of sodium and 60% chloride. The conversion of different

units for sodium and salt is summarized in Table 1-2.

Table 1-2. Equivalent amounts of sodium (in mg and mmol) and salt.

Sodium (mg) | Sodium (mmol) | Salt (g)
1200 51 3

2000 87 5

2400 104 6

4000 174 10
From (14).

1.3 Salt consumption and its sources

In developed countries up to 80% of salt comes from processed foods.
Conversely, in Asia and other developing nations, most salt is added during
cooking or contained in sauces and seasoning. Sodium is naturally present in
small quantities in unprocessed foods, but is also commonly added to foods
either during processing, cooking or at the table. The main purpose for addition
of salt in food processing are for flavour, texture, preservation and to promote

thirst, hence boost up beverages sales.

In industrialized countries, most of the sodium ingested is added (as sodium
chloride) during food production and foods eaten away from home. He and
MacGregor (3) estimated that approximately 15% of the salt consumed was
added either at the table or during cooking , 5% was naturally present in the
foods, and the majority 80%, was added by the food industry in processed,
canteen, restaurant, and takeaway foods. Table 1-3 lists the differences in salt

content between processed and unprocessed varieties for selected common
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foods; tinned salmon, for example, contains five times the sodium content of

fresh steamed salmon, while smoked salmon contains 16 times as much.

According to UK National Food Survey data collected in 2000 (15), cereal
products (including bread, other baked goods and breakfast cereals) accounted
for the greatest proportion (38%) of household sodium intake in United Kingdom.
The second largest source (21%) was meat products (including processed meats

such as ham, bacon, etc.) followed by soups, pickles, sauces, and table spread.

Similar data are available for the USA (16). Bread, ready-to-eat cereal and
cakes, dairy products, salad dressings, potato chips, and processed meats are
the main contributors to dietary salt intake. With regard to restaurant foods,
various dishes on their own contain over 2.3 g (100 mmol) of sodium, which is
equivalent to the recommended daily Tolerable Upper Intake Level (UL) for the
USA (17).

A different picture with regard to dietary sources of sodium is apparent in some
Asian countries. In China and Japan, a large proportion of sodium in the diet
comes from sodium added in the cooking and from various sauces (17). Looking
at the main sources of sodium in the diets of INTERMAP (18) participants from
China and Japan, again the predominant source in China was salt added during
cooking (78%). In Japan, the main sources were soy sauce, fish and other
seafood, soups and vegetables (66% in total) with a further 10% being
contributed by salt added during cooking. Some foods commonly consumed in
Malaysia are also very high in sodium; for example a bowl of Mee curry and a
bowl of Mee soup available from ‘Hawker’ markets contain about 2.5 g (109
mmol) and 1.7 g (74 mmol) sodium respectively. Additionally, in many sub-
Saharan African countries, particularly in less urbanized settings, the main
source of dietary sodium is predominantly from salt added to food for

preservation, for taste and added in the cooking process (19).



Table 1-3. Comparison of sodium content between pro  cessed and unprocessed foods.

Sodium
content
Food item  Description {mumol/ 100 e )
Beoel Topside, roast, lean and fat 2.1
Corned beef, canned 41.3
Bran PBran, wheat e
Bran Makes 435
Cheese Hard cheese, average 27.0
Processed cheese 5T4
Chick pras Dried, boiled in unsalted water 0.2
Canned, re-heated, drained 9.6
Crab Beriled 161
Canned 236
Cod Cod, in batter, fried in 4.3
Blended oil
Fish fingers. [ried in 15.2
blended oil
New Raw, boiled in unsalied water Ok
polatoes
Canned, re-heated, drainedd 109
Peanuits Flain 0.1
Dry roasted 34.3
Roasted and salted 17.4
Peas Raw, boiled in unsalted water Trace
Canned, re-heated, drained 109
Potato chips Homemade, fried in 0.5
{Iries) blended oil
Cheen chips, frozen, baked 2.3
Salmon Raw, stearmed 4.8
Canned 24.8
Smoked 81.7
Sweet com On-the-cob, whole, boiled in Trace
unszalted water
Kernels, canned, re-heated, & )
drained
Tuna Raw 2.0
Canned in oil, drained 126
Canned in brine, drained 139

Sodivm: 1 mmol =23 mg.

From (12).



Figure 1-2. Comparison in sodium sources between Un ited Kingdom and China based on
INTERMAP data.
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1.4 Physiology of sodium

The physiological need for sodium is around 180-230 mg/day (20). A proper
balance of sodium levels in every part of human body is of vital importance; the
osmotic pressure of the extracellular fluids of our body is dictated for 90% by
sodium-ions and their counter-ions, mainly chloride. A tight regulation of the
sodium levels in our blood plasma and interstitial fluids is crucial for basic
physiological functions of virtually all cells within a human body since a lot of
transport processes are dependent on it. Slight deviations from these normal
parameters can affect the electrical activity of muscle and nerve cells, renal
function, capillary exchange, cardiac output, and therefore impact blood

pressure in multiple ways (21).

Neuronal and hormonal systems have therefore evolved to control salt intake
behaviour and sodium excretion mechanisms. The hedonic value of salty taste
and its regulation are an example of the neuronal, while aldosterone and the
renin/angiotensin system are the most important elements of the hormonal
mechanisms (Figure 1-3). Hence, it provides the reason why we generally prefer
salt solutions resembling the extracellular levels in salt concentration, and that
thirst and human appetite for salt are apparently modulated by physiological
needs (22). A sodium-deprived state leads to a decreased salty taste response in
human beings and a variety of animals (23). It is thought that this drives the
behaviour towards preference of salt-containing food on one hand and protects
us from ingestion of toxic sodium levels on the other hand. This appears to be
controlled by mineralocorticoids (i.e. aldosterone) (24). In addition to this
hormonal regulation there is evidence for an additional central nervous
regulation (25). Salt craving, a common behaviour of many animals in need of
sodium, has only incidentally been observed in humans suffering from extreme

sodium loss (26).

While these control mechanisms might have evolved to handle scarce sodium
availability in our ancient diet, they are apparently insufficient to limit our salt
intake to the physiological needs in today’s modern Western diets. In many
industrialized countries sodium intake is between 3600-4800 mg/day (20)
indicating that most people consume excess dietary salt than the amount that is

required to remain in good physical health (27). Therefore in general the amount



of salt eaten in western countries is not driven by a physiological need, but

rather by taste preference.

Figure 1-3. Summary of the renin-angiotensin-aldost  erone system
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Renin is directly secreted into circulation in resp onse to volume contraction (decreased in
renal perfusion). Renin cleaves angiotensinogen to angiotensin | which is converted by
angiotensin-converting enzyme in the lungs to angio tensin Il. Angiotensin Il triggers various
cascades leading to: decreased glomerular filtratio n rate (1), increased NaCl and water
reabsorption by the proximal tubule and loop of Hen le (2), and increased NaCl and water
reabsorption by the distal tubule and collecting du ct by aldosterone (3). ANP, atrial
natriuretic peptide; BNP, brain natriuretic peptide ; ADH, antidiuretic hormone. From (28).

1.5 Sodium and blood pressure

There are a lot of observational data which support a strong positive associatio
between sodium intake and blood pressure within and between populations.
Epidemiologic studies have shown that dietary sodium intake is directly related
to cardiovascular mortality and to the increase in blood pressure with aging.

Long term studies regarding salt intake and blood pressure have demonstrated

27
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its adverse prognostic outcome in both hypertensive and normotensive

populations.

1.5.1 Epidemiological studies

Prehistoric populations consuming a low-sodium diet, such as the Alaskan Eskimo
or the Yanomamo Indians from the Amazon, have an almost negligible
prevalence of hypertension and their blood pressure does not rise with age
compared to all westernized, industrialized populations. The Yanomamo Indians,
who excrete = 1 mmol sodium per day, have an average blood pressure of 96/61

mmHg.

The absence of hypertension may be associated with other lifestyle variance,
but primitive people living under similar environments who consume large
quantities of sodium develop hypertension. Page et al (29) noted that among the
prehistoric men of the Qash’qgai tribe of Southern Iran, who ingested an average

of 180 mmol of sodium per day, 18% were hypertensive.

The INTERSALT study was one of the major global studies on sodium intake using
standardized method for measuring blood pressure (BP) and 24-hour urinary
sodium (30). It involved 10 079 individuals from 52 centres around the world,
with the aim to study communities with a wide range of salt intake from 0.5 to
25 g/day. Among all the communities recruited into the study, only four had a
low salt intake (3 g per day or less) whereas the majority lay between 6 and 12
g/day. None had the high salt intake as initially anticipated. The results of the
study revealed a significant positive association between 24-hour urinary sodium
and BP. Reducing dietary salt intake by 5.8 g was associated with a 3.1 mmHg
decrease in systolic blood pressure (31). There was also a highly significant
positive relationship between dietary salt intake and the increase in blood
pressure with age. The investigators estimated that an increase of 6 g/day in
salt intake over 30 years would lead to an increase in systolic blood pressure by
9 mmHg (30).
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Figure 1-4. Relationship between salt intake and th e slope of increase in systolic blood
pressure with age in 52 centres in the INTERSALT st udy.
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From (30).

More recent studies have confirmed these findings and provided more supportive
evidence on the important role of dietary salt in determining the levels of blood
pressure in the population. The INTERMAP study (International Study of macro
and micro-nutrients and blood pressure) showed that a lower dietary salt intake
and smaller sodium/potassium ratio resulted in lower population blood pressure
(32). This cross-sectional epidemiologic study recruited 4680 men and women
aged 40-59 years from 17 diverse population samples from China, Japan, UK and
USA with the main objective to confirm influences of multiple nutrients on
systolic and diastolic BP. All participants were assessed regarding blood pressure
measurement (8 readings), individual intake of 76 nutrients from four 24-hour
dietary recalls/person accompanied by 2 sets of 24-hour urine collection. The
results revealed a highly significant positive association of sodium with both
systolic and diastolic BP measurements. The estimates of association of sodium
with systolic BP ranged from 0.8 to 3.0 mmHg/100 mmol, while diastolic BP

corresponding estimates were 0.2 to 1.4 mmHg/100 mmol sodium.

Another large study, EPIC-Norfolk (the Norfolk Cohort of the European
Prospective Investigation into Cancer) also confirmed sodium to be an important

determinant of population blood pressure level (33). This prospective study
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included =25000 men and women aged 45-79 years, unselectively recruited from
general practice age-sex registers in Norfolk, United Kingdom. Sodium intake
was assessed based on casual urine specimens (all samples) and in a subset of
patients, 7 days food diary and 24-hour urine collection were also requested.
The results showed that systolic and diastolic blood pressure increased as the
ratio of urinary sodium to creatinine increased, with differences of 7.2 mmHg for
systolic blood pressure and 3.0 mmHg for diastolic blood pressure (P<0.0001)
between the top and bottom quintiles. This trend was independent of age, body
mass index, urinary potassium:creatinine, and smoking and was consistent by sex

and history of hypertension.

1.5.2 Migration studies

Several studies have shown that migration from isolated low-salt societies to an
urban environment with higher dietary salt intake was associated with an
increase in blood pressure. In Kenya, a well-controlled migration study of a rural
tribe (Luo migrants) revealed that upon migration to Nairobi, their sodium
excretion increased from = 60 to 110 mmol/day , potassium intake reduced, and
their blood pressure rose significantly over a few months, compared with those
in a similar control group who remained in the rural environment (34). After 2
years of followed-up, mean systolic/diastolic BP of the migrants increased from
117/53 mmHg to 126/66 mmHg in men, and 112/61 mmHg to 119/60 in women.
In China, Yi farmers living in remote villages were compared against Yi migrants
in the country (35). The Yi migrants consumed more sodium, less potassium and
had a higher urinary sodium/potassium ratio. Urinary sodium excretion was
found to be greater in Yi migrants than in Yi farmers (159.4 mmol/24 hour vs.
73.9 mmol/24 hour, respectively), reflecting lifestyle changes including dietary
alterations, resulting in significantly higher blood pressure among Yi migrants.
Results from the multiple regression analysis revealed that an increase in sodium
intake of 100 mmol/day corresponded to an increase of 2.3 mmHg systolic blood
pressure and 1.8 mmHg diastolic pressure. Notably, there were very little
increments of blood pressure with age among Yi farmers, whereas it increased

with age in Yi migrants.
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1.5.3 Population-based intervention studies

There are a few studies which showed a reduction in population blood pressure
following a successful restriction of dietary salt intake in a population. Forte et
al (36) conducted an intervention study in two similar villages in Portugal. An
intensive health education concerning salt reduction was introduced,
emphasizing on avoidance of foods that had previously been identified as the
major sources of salt in the intervention village. A very substantial 50% reduction
in salt intake was achieved in the intervention community, resulted in a
difference of 13/6 mmHg in systolic /diastolic blood pressure after 2 years. A
recent randomized community-based intervention trial in 2 rural villages in
north-eastern Japan demonstrated that dietary counselling for one year
effectively reduced salt intake by 2.3 g/day as measured by 24-hour urinary
sodium (37). This reduction was accompanied with a decrease of 3.1 mmHg in

systolic blood pressure.

Similar studies from developing countries are few; however, in one of the first
salt reduction trials in Africa, a community-based cluster randomized trial in
Ghana involving 1013 participants discovered that at 6 months, the intervention
group achieved a 2.5/3.9 mmHg reduction in systolic/diastolic blood pressure
(38). A recent community based sodium reduction trial in Pakistan revealed a
significant 6 mmHg reduction in systolic measurement among participants with

high normal blood pressure (39).

1.5.4 Intervention studies

These observational findings were further supported by various trials of sodium
reduction in normotensive and hypertensive individuals. Table 1-4 provides a
summary of results from meta-analyses regarding sodium restriction and blood
pressure reduction. An overview of 40 trials of sodium reduction confirmed a
direct relation with BP and found an average decrease in systolic/diastolic
pressures of 5.2/3.7mmHg and 1.3/1.1mmHg among hypertensive and
normotensives subjects, respectively (40). A Cochrane review then restricted the
analysis to studies lasting more than 4 weeks with a modest reduction in urinary
sodium of at least 40 mmol. The results revealed blood pressure reductions of

5.0/2.7mmHg (systolic/diastolic) for hypertensives and 2.0/1.0 mmHg among
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normotensive participants (41). A dose-response relation was established, with a
fall in BP of 7.1/3.9mmHg among hypertensive and 3.6/1.7mmHg among
normotensive participants for every 100 mmol reduction in urinary sodium. In
another meta-analyses, Hooper et. al. (42) restricted trials which lasted 6
months or longer, including a few trials up to 5 years. In these relatively few
trials, the degree of sustained sodium reduction was less, hence leading to a

non-significant degree of blood pressure reduction.

Table 1-4. Meta-analyses of trials of dietary sodiu ~ m reduction

Reduction in blood pressure

Reference Reduction in
24-hour
sodium
excretion Normotensive | Hypertensive
SBP/DBP SBP/DBP
Geleijnseet al., 40 >2 weeks -77 mmol -1.3/-1.1 -5.2/-3.7
2003
He & MacGregor, 26 >4 weeks -78 mmol -2.0/-1.0 -5.0/-2.7
2003
Hooperetal., 7 6-12 months -49 mmol -2.5/-1.2
2002
4 13-60 months -35 mmol -1.1/-0.6

SBP = systolic blood pressure, DBP = diastolic

The Dietary Approaches to Stop Hypertension (DASH)-Sodium study provides the
most robust evidence of the short term effects on BP of a well maintained low-
sodium diet (43). Three different levels of salt intake (8, 6 and 4 g/day) were
studied based on two different diets; the normal American diet and the DASH

diet, which is rich in fruits, vegetables, and low-fat dairy products (Figure 1-5).



Figure 1-5. Food pyramid representing various food
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systolic BP were 6.7mmHg among those on the control diet and 3.0mmHg among

those on the DASH diet, with stronger effects among hypertensive participants.

The corresponding differences in diastolic BP were 3.5 and 1.6 mmHg

respectively. Subsequent analyses found that the effect of sodium reduction

remained among all subgroups defined by demographic characteristics and

baseline measures including age, body mass index (BMI) and urinary sodium

excretion (44). Remarkably, sodium reduction was also reported to reduce BP in

non-hypertensive on both diets though to a lesser degree compared to the

hypertensive subjects.
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Figure 1-6. Changes in blood pressure and 24-h urin  ary sodium excretion with the reduction
in salt intake in all participants on the normal Am erican diet vs. DASH diet.
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There were four long term, well controlled preventive trials which examined the
effects of combined lifestyle modifications including sodium reduction in
lowering blood pressure. These trials involved subjects with high-normal blood
pressure and lasted for at least 1 year of duration. In the Hypertension
Prevention Trial which randomized healthy men and women aged 25 to 49 years
to one of four lifestyle interventions, the sodium reduction group achieved a 13%
decrease in sodium excretion at 6 months and a mean decrease of 1.7mmHg in

systolic BP (46;46;47;47). Results, however, were not sustained at 3 years.

Evidence from outcomes trials revealed that a reduction in salt intake results in
a decrease in cardiovascular disease. A follow-up study of individuals who took
part in two large randomized salt reduction trials, Trial of hypertension

prevention (TOHP) | (48)and Il (49), has shown a significant effect of dietary salt
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reduction in relation to cardiovascular disease. More than 3000 participants with
an average baseline blood pressure of 127/85 mmHg were randomized to a

reduced-salt group or to a control group.

In the Trials of Hypertension Prevention (TOHP) Phase I, those randomized to the
sodium reduction group had lowered their average sodium excretion by 44
mmol/day resulting in an average decrease of 1.7/0.9mmHg in systolic/diastolic
BP at 18 months. Subsequently in TOHP Phase Il, at 36 months the average
reduction in sodium was 40 mmol/day, and a significant reduction of 1.2mmHg
in systolic BP was maintained, along with an 18% reduction in the incidence of
hypertension. No further advice was offered to the participants after the trials
were completed. A follow-study at 10-15 years post trial revealed that subjects
who were originally allocated to the reduced-salt group had a 25% reduction in
the risk of developing cardiovascular events after adjusting for confounding

factors.

The Trial of Nonpharmacologic Interventions in the Elderly (TONE) (50) recruited
975 men and women aged 60 to 80 years whose hypertension was controlled with
single antihypertensive drug. Subjects were randomized to weight loss, sodium
reduction, both interventions or usual care with attempted withdrawal from
medication. Over the following 30 months, the proportion of patients who
remained normotensive and drug-free was only 16% in the usual-care group,
more than 35% in those on one of the two interventions, and 43.6% in those who
received both interventions. The primary endpoint of hypertension or

cardiovascular event was also reduced by 32% in the sodium reduction group.

1.6 Dietary sodium restriction as adjunctive therap y of
hypertension

Idiopathic, or essential hypertension accounts for more than 95% of cases and
appears to be caused by a complex interaction between genetic predisposition
and environmental factors (51). Its pathophysiology is complex, with much
remaining to be discovered (Figure 1-7). Lifestyle changes including dietary

modification are recommended by current guidelines as initial treatment for



Figure 1-7. Mechanisms linked to increases in blood pressure and the therapeutic effects of
healthy dietary patterns, sodium reduction, and wei ght loss.
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most hypertensive patients. The triads of dietary treatment of hypertension - a
healthy dietary pattern (by consuming more fresh fruits and vegetables),
reduced sodium intake, and reduced body fat - influence the pathophysiology of

hypertension at many of its points of control.

Dietary sodium restriction is widely accepted by both the scientific community
and the general public as a mode of primary prevention for hypertension and an
effective treatment of established hypertension. For example, patients with
prehypertension (SBP between 120 and 139 mmHg or DBP between 80 and 89
mmHg) should adopt healthy lifestyle changes (including sodium reduction),
given the benefit of dietary therapy at these BP levels (53). Even though drug
therapy plays an essential role in treating hypertension, they should not be used
as a substitute against dietary management. Rather, the two forms of treatment

should be considered complementary (52).

In a meta-analysis of clinical trials Cutler et al (54) reported a dose-response
relationship between sodium reduction and BP, such that for every 100
mmol/day decrease in sodium, BP decreased 5.8/2.5 mmHg in hypertensive
patients and 2.3/1.4 mmHg in those without hypertension. In the DASH-sodium
trial, as discussed in great details in Section 1.5.4, it has been shown that
reducing dietary sodium intake resulted in a significant incremental reduction in
both systolic and diastolic blood pressure in both groups assigned to either DASH
diet or control diet. It is also interesting to note that sodium reduction was also
reported to reduce BP in non-hypertensive on both diets though to a lesser

degree compared to the hypertensive subjects.

Patients with resistant hypertension in particular might benefit the most from
dietary sodium restriction. This is supported by Pimenta et. al. (55) in a study
looking at the impact of salt reduction in patients treated for resistant
hypertension. The investigators recruited consecutive patients with resistant
hypertension where twelve patients with systolic blood pressure (SBP) greater
than 140 mmHg or diastolic blood pressure (DBP) greater than 90mmHg despite
the use of at least three antihypertensive medications, completed the study. At
enrolment, they were receiving an average of 3.4 medications, including at least
25mg of hydrochlorothiazide (HCTZ) (or equivalent diuretic), with an

angiotensin-converting enzyme (ACE) inhibitor or angiotensin Il receptor blocker
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(ARB) medication. The average manually recorded office BP was 145.8+10.8
/83.9+11.2 mmHg at baseline. Patients were randomized to 1-week treatment
periods of a low Na (50mmol/day) diet formulated and provided by a research
kitchen, or the same diet with the addition of 6 g/day NaCl tablets
(250mmol/day of Na). Compliance to the diets was assessed using 24 hour

urinary Na measurements. All medications were continued throughout the study.

On the high-salt diet, office blood pressure averaged 145.6+15.1/84.0+12.1
mmHg, whereas on the low-salt diet, it was 122.8+14.0/74.9+12.5mmHg, for an
average reduction in blood pressure of 22.7/9.1. Consistent results we