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ABSTRACT

Multiple lines of investigation including genetic, epidemiological, and interventional studies have demonstrated consistently a positive relationship 
between salt intake, blood pressure (BP) increment, and cardiovascular consequences. In addition, it has been documented that excessive salt intake 
can be attributed to various health complications such as asthma, osteoporosis, obesity, and gastric cancer. On the contrary, a reduction in salt intake 
has been shown to reduce BP and improve health outcomes, although the evidence is not completely unequivocal. Despite this discrepancy, a 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. Determination of salt intake among hypertensive patients is important since dietary salt restriction had 
been proven to improve BP control in conjunction with optimum pharmacological management. Various methods have been used to estimate sodium 
intake includes 24-hrs urinary sodium, overnight urinary sodium, spot urinary sodium/creatinine ratio, and dietary survey methods. Reducing 
population salt intake has been proven to be beneficial, preventing millions of deaths from cardiovascular disease and stroke, and reducing the burden 
on health services. Many individual countries around the globe have already taken action against reducing population salt intake. These strategies 
were either led by government, nongovernment organizations, or industry.
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INTRODUCTION

Sodium is an essential element that is required in small amounts for 
the normal functioning of the body. Sodium ions together with chloride 
ions make up an inorganic compound known as salt. Salt is useful to 
human life because it improves taste and preserve food, especially 
during winter. However, the majority of people worldwide consume 
far more sodium, mostly from salt, than is required physiologically [1]. 
In the United States for example, the average sodium consumption of 
adults was 3400 mg/day, well above the current federal guideline of 
<2300 mg daily [2].

Excess dietary sodium has been linked to elevations in blood pressure 
(BP). Recent pre-clinical and clinical data supported that excess 
dietary sodium intake has also been associated with unwanted effects 
on calcium and bone metabolism, raised of risk in stomach cancer, 
aggravating asthma and affecting target organs such as heart, kidneys, 
and brain [3].

The fluid retention that occurs when excessive amounts of salt are 
consumed can induce or aggravate symptoms of congestive cardiac 
failure.

Excessive salt intake has also been implicated as a causative or 
aggravating factor in a number of other non-cardiac conditions such 
as Meniere’s syndrome, kidney failure, hepatic failure, kidney stones, 
and pre-menstrual syndrome [4]. The American Heart Association also 
supports that excessive levels of sodium may put an individual at risk 
of developing stroke, osteoporosis, stomach cancer, kidney disease, 
enlarged heart muscle, and headaches [5].

According to Brown et al. [6] lowering the salt intake of individuals 
can shift the population distribution of BP toward more optimal levels, 
thus preventing millions of deaths from cardiovascular disease and 
stroke, and reducing the burden on health services. Sodium reduction 
is also cost-effective and beneficial has been proven by the national salt 
reduction strategies implemented in certain countries worldwide.

EARLIEST HISTORY OF SALT AND HYPERTENSION

Historically, the first ever record that relates dietary salt intake and BP 
were in 1700 BC by a Chinese physician by the name of Huang TiNei 
Ching Su Wein, who said that “therefore if large amounts of salt are 
taken, the pulse will stiffen and harden” [7]. This idea paved numerous 
investigations on the association of high salt intake to the pathogenesis 
of hypertension. However, the results are mostly circumstantial [8]. In 
1904, Ambard and Beaujard reviewed the salt hypothesis and decided 
that salt is necessary in the development of essential hypertension [9]. 
The papers, written in French and published in French scientific journal, 
were highly criticized as unconvincing. Soon in 1920s, 2 papers focusing 
on the effects of salt restriction as an anti-hypertension remedy were 
published [10].  Since then, the association of salt intake and health has 
slowly gain recognition. Still, it was not impactful enough to influence 
the medical opinion of those years.

Evidence-based research in the early 20th century showed the absence 
of hypertension in patients who consumed <3 g of salt daily. The BP 
reading was not raised as in comparison with those who consumed 
more than 20 g of salt per day, had BP readings above 140/90 mmHg. 
In addition to that Walter Kempner was the first scientist who reported 
a consistent effect on BP via a dietary manipulation. He later termed 
the diet as Kempner rice diet which has a characteristically low content 
of salt [10]. His work was further confirmed with another successful 
experimentation done by Corcoran who concluded that the rice diet is, 
in fact, a practical low sodium diet, the hypothesis effect of which is 
dependent on sodium restriction [11].

During the mid-1900s, the Japanese discovered that the occurrence of 
cerebral hemorrhage has a regional distribution that directly correlated 
to the dietary intake of salt and the BP. They found that salt intake was 
also on the rise as high as 27 g/day. Out of this population, about 70% of 
the population had raised BP readings of more than 150/90 mm/Hg [7]. 
This was compared to the population in the south of Japan where 
they consumed about 14 g of salt per day and showed to have a lower 
incidence of cerebral hemorrhage and only 10% had raised BP [7].
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Work of Louis Dahl in 1960 marked the passage from historical to 
modern era in hypertension research. Dahl drew a famous linear 
graph that showed the positive relationship between the prevalence 
of hypertension and salt intake. He suggested that people needed 
physiologically about 1 g of salt each day but were consuming about 
10 g of salt a day during his time [12]. Dahl also mentioned that an 
individual’s dietary salt intake was difficult to measure as it was highly 
variable. Dahl recommended that the 24 hrs urine excretion was the 
best method available. Finally, Dahl also postulated that hypertension 
would be an area of great concern if people were consuming more than 
4-5 g of salt per day [12].

WORLDWIDE POPULATION STUDY ON SALT REDUCTION AND 
BENEFIT IN HYPERTENSION

Research on the role of salt in the pathogenesis of hypertension was 
greatly intensified spanning anthropology, epidemiology, animal studies, 
studies of mechanisms, and clinical trials since 1960. The most referred 
to study is the INTERSALT study [13]. This study was an international 
observational study carried out on 10,079 subjects in 52 centers in 
32 countries worldwide to investigate the salt-BP relationship. BP 
readings were measured for each subject together with sodium and 
potassium urine concentrations. In each center, the subject’s BP reading 
was plotted with age and then later with salt concentration. They found 
that when the regression values were pooled, the results were highly 
significant. Sodium excretion correlated with the increase of BP with 
age. On the other hand, potassium is inversely associated with BP of 
individuals [14]. The authors concluded that a reduction in about 100 
mol/day of salt will lead to a reduction of 1-6 mmHg of systolic pressure 
and about 0.03-2.5 mmHg in diastolic pressure.

In 1996, following an objection from the Salt Institute on INTERSALT’s 
findings, the data were reassessed to compare quantitative estimates 
of the sodium-BP relations from ecological and individual analyses. 
On the reassessment on data, they found that effect of median sodium 
excretion higher by 100 mmol/day over a 30-year period were of 
greater difference of 10-11 mmHg in systolic BP and 6 mmHg in 
diastolic BP, hence encouraging the general population to reduce salt 
intake [15].

Another interventional study includes Trial of Hypertension Prevention 
(TOHP) and Dietary Approaches to Stop Hypertension (DASH) [16,17]. 
TOHP is a clinical interventional trial to test the short-term feasibility 
and efficacy of seven non-pharmacological interventions in person 
with high normal BP, aimed at preventing hypertension. They are 
three lifestyle changes (weight reduction, sodium reduction, and 
stress management) and four nutritional supplement groups (calcium, 
magnesium, potassium, and fish oil). Of these, weight reduction and 
sodium reduction were found to be the most effective strategy in 
reducing BP in normotensive person with reduction of 1.7-2.9 mmHg 
systolic and 0.9-2.3 mmHg diastolic BP reading.

Conversely, DASH is a diet plan designed for people who aim for weight 
loss, have diabetes and even for hypertension. It is an eating plan to 
help maintain good health. In the landmark DASH-sodium trial which 
was a multi-centerd clinical trial conducted on 412 subjects with and 
without hypertension, three levels of sodium intake were administered 
to the subjects with either the DASH diet or a controlled diet [17]. The 
results showed that the lower intake of sodium produced better BP 
readings with the DASH diet as compared to the controlled diet. When 
the lowest and moderate levels of sodium were compared, it was found 
to have a 6.7/3.5 mmHg difference in systolic versus diastolic reading 
pressure respectively. Finally, when the moderate and high levels of 
sodium were compared, the results showed a 4.6/2.1 mmHg drop in 
systolic and diastolic BP readings. The authors concluded that most 
people consume about 10 g of salt per day which is equivalent to 
approximately 170 mmol of sodium (Sacks et al. 2001). The dietary 
guide for Americans (2005) suggests 2300 mg of sodium a day for the 
general population and about 1500 mg of sodium for hypertensive 
patients [12].

A systematic meta-analysis on the effect of lower sodium intake reported 
that a reduction of sodium intake has a significant reduction in systolic 
BP by about 3.4 mmHg and diastolic of 1.5 mmHg. When sodium intake 
was <2 g/day, systolic BP decreased by 3.5 mmHg while diastolic reading 
dropped by 1.8 mmHg. However in this study, a decrease in sodium 
intake was associated with an increase in the lipid profile, catecholamine 
levels, and renal impairment. The authors also reported that an increase 
in sodium intake leads to an increase in the incidence of stroke, risk of 
stroke mortality as well as risk of coronary heart disease [18].

Another meta-analysis of randomized trials on the modest salt 
reduction on BP states that there is very little effect in reducing salt 
intake over a short period of time. The authors analyzed 17 trials with 
a median urine sodium excretion of 78 mmol in hypertensive patients 
and 74 mmol in normotensive patients. The BP drop in the hypertensive 
patients was recorded at 4.96/2.73 mmHg in the hypertensive group 
while in the normal group the BP reading drop was recorded as 
2.03/0.97 mmHg. The authors concluded that reducing salt intake over 
a long-term period helps in the prevention of stroke and coronary heart 
disease in hypertensive patients [19].

In a more recent meta-analysis in 2013, he and colleagues included 34 
randomized trials of 3230 participants, both with raised BP and normal 
BP. With a reduced sodium excretion of 75 mmol/24 hrs, the mean 
change in BP was −4.8 mmHg systolic and −2.06 for diastolic BP. After 
adjustment for age, ethic group and BP status, a 100 mmol reduction 
in daily sodium resulted in a fall of systolic BP of 5.8 mmHg. The meta-
analysis concluded that a modest reduction in salt intake reduces BP 
significantly both in hypertensive and normotensive people.

VARIOUS METHODS FOR DETERMINATION OF DIETARY SALT 
INTAKE

The study of salt and BP has utilized several methods in measuring the 
amount of salt a person consumes from the most reliable 24-hrs urine 
collection to an analysis from the salt frequency questionnaire. Some 
of the most commonly used methods are dietary recall method or also 
known as the 24 hrs record, a single food frequency questionnaire (FFQ) 
done together with a 24 hrs urine collection as well as multiple FFQs. 
Most dieticians have agreed that it is difficult to measure the amount of 
salt a person consumes as one is unable to determine the amount of salt 
remaining on the serving plate. This congruent was also noted in Dahl’s 
1960 article where he remarks that an individual’s dietary salt intake is 
highly variable and difficult to measure [12].

Even the 24 hrs urine collection, which is considered as the “gold 
standard” to measure sodium intake is argumentative as it only captures 
85-90% of ingested sodium [20]. Therefore, the most appropriate 
method to estimate the amount of salt consumed in a day would be to 
use both the dietary salt questionnaire together with the 24 hrs urine 
collection. This would help estimate the amount salt in each food item 
consumed over the last 2-3 months and the 24 hrs urine collection will 
help quantify the amount of sodium excreted (Table 1).

Measurement of 24 hrs urine dietary sodium is also fraught with a 
reduced response rate due to a number of factors such as high cost 

Table 1: Limitation of 24‑hrs urine collection [21]

Limitation of 24‑hrs urine collection
1.   Participant burden is high and therefore rates of incomplete 

collection/attrition may be high
2.   The collection must be complete, with no more than a few drops 

lost, otherwise the excretion estimate will be biased
3.   There is no absolute check on completeness, though good survey 

technique may help to reduce levels of incompleteness
4.   The collection must be accurately timed to avoid over-as well 

as under-collection and so that minor deviations from a 24-hrs 
collection period can be corrected
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and participant burden, time-consuming and inconvenient to the 
individual performing the collections and frequent incident of under-
collection [22]. A simpler and alternative method would be to use a spot 
urine sample. Japanese investigators including Kawasaki and Tanaka 
have demonstrated that it is possible to estimate 24-hrs urinary sodium 
from single spot urine. Using second-morning void urine, Kawasaki 
successfully achieve correlation of R = 0.85 between second-morning 
void to 24-hrs urine collection [23]. Tanaka reported a correlation of 
0.65 between both methods and concluded that while spot urine is 
not suitable to estimate individual sodium excretion, it can be used to 
measure population intake of sodium [24]. Subsequently, spot urine 
sample is seen as a great replacement of the highly troublesome 24-hrs 
urine method. In 2013, inter salt attempted to estimate 24-hrs urine 
sodium excretion from casual urinary sodium concentration in Western 
population with 5693 participants. Correlation of 0.50 was observed 
which lead to a conclusion; casual urine sample may be useful, low 
burden, low-cost alternative to 24-hrs urine collection for estimation 
of population sodium intake. However, ongoing calibration with the 
study specific 24-hrs urinary collection is recommended to increase 
validity [21].

FFQ are created to assess habitual diet of patients by asking the 
frequency of which food items are consume over a period of time. 
This method of measuring sodium intake through estimation and 
calculation from questionnaire or food consumption data has been 
used a lot in studies that require monitoring of the diet habits [20]. It 
is the most common method used to assess dietary consumption of 
a population over a period of time. The performance of the FFQs has 
been compared to many more intensive, record based methods such 
as 24-hrs food recalls, food diaries or duplicates of food collection. 
The two well-known FFQ is the Willett questionnaire and the block 
questionnaire which have been used in many epidemiological 
studies [25].

FFQs can be used to identify food patterns inadequacy in relation to 
specific nutrients. Some common problems that have been identified 
with FFQs are over or under-estimation. Over-estimation is usually 
observed for foods that are often less eaten or “healthy food” such as 
vegetables [26]. In contrary, underestimation from discretionary salt 
is difficult to estimate and may not be captured by questionnaire. The 
measurement using questionnaires and surveys are often prone to 
errors and biases as participants usually relay on memory to estimate 
food intake. FFQs are also location and culture dependent due to the 
distinct variation of food based on culture value. As such, there is a need 
to constantly update the wide array of ever changing food databases 
used in FFQ [20].

Despite that, FFQs have been reported to be reliable and accurate in 
providing average diet consumption as well as are able to show the 
current trend of consumption. Due to this, the method is widely used in 
nutritional epidemiological studies and is a key tool in dietary studies. 
The advantage of using this method is the ease of administration 
and low patient burden. Furthermore, FFQs have a lower cost on the 
participants which allows the assessment to be conducted more than 
once if necessary [25]. A study done by Goulding et al. in 1998 showed 
that FFQs can be used to analyze the intake of specific nutrients such 
as calcium, potassium, and sodium. A review by Batcagan-Abueg et al. 
reported poor correlations between dietary survey and urine collection 
ranging from r = 0.09-0.30 [20].

COST-EFFECTIVENSS OF SALT REDUCTION PROGRAMME

Recently, it has been estimated that increased BP accounts for US$370 
billion in health care costs worldwide and, in developed countries, 
accounts for approximately 10% of overall direct health costs. Indirect 
costs are estimated at US$3.6 trillion worldwide [26]. In Canada, 
direct health care savings of $1.38 billion per year would be achieved 
by lowering sodium of about 1800 mg/day, and the indirect costs of 
savings total up would be $2.99 billion/year [27].

Reducing the salt consumption globally was predicted to shift the 
population distribution of BP toward more healthy levels, thus millions 
of deaths from cardiovascular disease and stroke can be prevented 
while reducing the pressure on health services. Sodium reduction can 
lower down the global burden of cardiovascular disease, in a more cost-
effective and efficient way [6].

Besides, global estimates suggested that a 9.5% reduction in salt 
consumption could prevent 513,885 strokes and 480,358 myocardial 
infarctions over the lifetime of adults aged 40-85 years, increasing 
quality-adjusted life years (QALYs) by 2.1 million and saving $32.1 
billion in medical costs. A tax on sodium that decreases population 
sodium intake by 6% will increase QALYs by 1.3 million and saves $22.4 
billion over the same period [28].

A study published in the United States showed that a reduction 
of salt consumption by 3 g (1200 mg sodium)/day helped to save 
194,000 and 392,000 QALYs, and save between $10 billion and 
$24 billion in health care costs every year. Even with a decline 
of 1 g salt (400 mg sodium)/day would result in decreasing of 
20,000-40,000 number of coronary heart disease cases, 11,000-23,000 
number of stroke cases, 18,000-35,000 myocardial infarction cases, and 
deaths from all causes by between 15,000 and 32,000 every year [29].

CONCLUSION

Excessive intake of dietary sodium may lead to various health 
complications with hypertension being the main concern. 
Pharmacotherapy coupled with lifestyle modification is strongly 
emphasized for hypertensive patients to optimized the BP control. In 
the recent year, much effort has been made on lifestyle intervention 
such as monitoring and reduction of dietary salt intake. Point-of-care 
testing for sodium assessment utilizing spot urine analysis or FFQ 
among hypertensive patient is highly recommended. Perhaps it is 
timely to view hypertension treatment as a whole inclusive of patients’ 
lifestyle background and pharmacotherapy treatment instead of drug 
therapy alone.
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