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a b s t r a c t
Background: Salt is directly related to hypertension and cardiovascular disease associated with it. As obesity facilitates the effect of salt, a quantification of obese salt intake is necessary.
Methods: Our patients numbering 56 have been recruited in the consultation of the obesity unit. Patients
were given a questionnaire about their knowledge concerning salt. Natriuresis of 24 h was quantified. The
average amount of sodium consumed per day from foods was determined (SAL), the average amount of
sodium consumed per day from table salt added to cooking and seasoning (SAC) and the average total
amount of sodium consumed per day (STOQ).
Results: The mean age of our patients was 44.31 ± 12.8 years. The average BMI of our patients was 37.12
± 5.9 kg/m2. The average systolic blood pressure was 123.8 ± 14 mmHg and mean diastolic blood pressure was 76.45 ± 10.7 mmHg. The average amount of sodium consumed per day from food (SAL) was 1
915 ± 1038 mg. The average amount of sodium consumed per day from cooking salt (SAC) was 2487 ±
1663 mg. The total amount of sodium consumed per day (STOQ) was 4402 ± 1831 mg. This addition is
equivalent to 11 ± 4.6 g of salt per day. The total sodium intake exceeded 2000 mg/day in 89.2% of
patients. More than half (57%) of spontaneous sodium intake comes from salt added. The average natriuresis in our population is 158 ± 68 mmol/24 h, higher than the norm in 18% of cases.
The majority (85%) of our patients have claimed that excess salt is bad to very bad for health.
Conclusion: Our study showed the importance of salt consumption in obeses and especially table salt and
yet the majority of our patients consider it to be harmful to health.
It will be necessary to take into account the sodium intake when prescribing the diet.
Ó 2017 Alexandria University Faculty of Medicine. Production and hosting by Elsevier B.V. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction
Diseases related to salt consumption constitute at present a
public health problem. According to WHO,1 more than one in three
adults worldwide suffer from hypertension. Regardless of its effect
on blood pressure, salt consumption has a direct effect on stroke
and progression of kidney disease. Finally, it is probably a major
cause of stomach cancer.2 Overweight and obesity are more salt
sensitive.4 Some studies have suggested that the presence of obesity may enhance the effect of salt on blood pressure,5,6 the objectives of this study are to quantify the spontaneous intake of table
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salt of an obese group and evaluate therefore their spontaneous
daily intake of sodium.
2. Methods
This descriptive cross-sectional study involved 56 obeses (Body
mass index BMI  30 kg/m2) (9 male and 47 female) aged 14 years
old and more. The 56 obeses were Randomly recruited from the
outpatient clinic. The study was conducted in the research unit
on human obesity at the National Institute of Nutrition and Food
Technology in Tunisia. Patients were interviewed and examined
by nutritionists doctors. Food surveys and the calculation of salt
intake were carried out by a qualified and trained dietician. Hypertensive and patients with heart or kidney failure were not included
in our study even patients with thyroid dysfunction and pregnant
and lactating women. Because these patients are already under
diet which can influence their spontaneous salt intake. Each of
these obese patient underwent a thorough examination, a questionnaire about their knowledge concerning salt, anthropometry,
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determination of body composition with a TANITA type of impedance meter, a natriuresis of 24 h (1 g NaCl consumed per day =
17 mmol Na urinary excreted through 24 h) and a dietary survey.
The average amount of sodium consumed per day from foods
was determined (SAL). This amount (SAL) is achieved by Bilnut
software. To determine the contribution of food in the salt intake
of the population studied, a manual calculation was made according to the following example:
100 g olive = 2250 mg sodium; 5 g (an olive) = 112.5 mg
sodium.
If an individual consumes 2 olives per day, then 225 mg of the
total sodium intake comes from olive.
It was also determined the average amount of sodium consumed per day from table salt added to cooking and seasoning
(SAC), to do this, we proceeded as follows: A pack of 1 kg of iodized
table salt dried (The Flamingo) was distributed for every patient.
Asked to only use this packet of salt for its cooking and seasoning
for 7 days. It records on a weekly diary the number of people having lunch and/or dined the food prepared by the salt of the study
and the amount of rest discarded.
The day of the appointment (day 7), the patient returns the
completed table and remaining salt to be weighed by scales Kenwood type of electronic food. The difference DP = weight of sealed
packet – weight rendering package (day 7) represents the total
amount of salt used during the 6 days. To evaluate the contributions in added salt, DP was divided by the number of meals actually consumed during the 6 days and then multiplied by 2 (lunch,
dinner).
The total average amount of sodium consumed per day (STOQ)
was obtained by the following addition: STOQ = SAL + SAC. The
result is in milligrams per day. To convert the amounts of sodium
(Na) mg/d in salt (NaCl) in g/d is multiplied by a 2.54 and divided
by 1000.
For statistical analysis of our results, we used the ‘‘SPSS 15”
software.
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Fig. 1. Contribution of commonly consumed food in spontaneous sodium intake in
the population studied.
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The mean age of our patients was 44.31 ± 12.8 years with
extremes of 14 and 68 years. Only three patients wereunder the
age of 18 years. The average BMI of our patients was 37.12 ± 5.9
kg/m2. The average percentage of body fat in men was 42.8 ± 9.6
1% and the average percentage of body fat in women is 44.57 ± 4.
6%. In our study, the average systolic blood pressure was 123.8 ±
14 mmHg and mean diastolic blood pressure was 76.45 ± 10.7 m
mHg Table 1.
The average amount of sodium consumed per day from food
(SAL) was 1915 ± 1038 mg with a range of 321 mg and 6737 mg.

Table 1
Characteristics of the population.
Effective

Pourcentage

Family history

Obesity
Diabetes
Cardiovascular desease
Hypertension

40
38
21
30

72.7
69.2
38.2
54.5

Personal history

Cardiovascular desease
Diabetes

3
7

5.5
12.7

IMC

Overweight
Obesity class I
Obesity class II
Obesity class III

5
14
23
13

9
25.5
41.9
23.6

Physical activity

Sedentarity
Moderate activity
Sporty

37
6
12

67.3
10.9
21.8

bad for health

very bad for health no eﬀect on health

Fig. 2. Level of knowledge of patients about the risk of excessive salt on health.

The average amount of sodium consumed per day from table
salt (SAC) was 2487 ± 1663 mg with extremes of 348 mg and
8320 mg.
The total amount of sodium consumed per day (STOQ) was 44
02 ± 1831 mg with a range of 1071 mg and 9606 mg. This addition
is equivalent to 11 ± 4.6 g of salt per day. The total sodium intake
exceeded 2000 mg/day in 89.2% of patients. More than half (57%)
of spontaneous sodium intake comes from salt added (Fig. 1).
The average natriuresis in our population was 158 ± 68 mmo
l/24 h, higher than the norm in 18% of cases. Indirect estimation
of spontaneous salt intake of our obese through natriuresis 24 h
showed intakes of 9.4 ± 4 g/d.
The majority (85%) of our patients have claimed that excess salt
is bad to very bad for health (Fig. 2).
As for the level of perception of salinity in our patients, over half
(58.9%) consider their diet is normaly salt versus 8.9% who considered it too salty.
4. Discussion
An adequate intake of salt is essential for proper physiological
functioning of the body. At the level of the neuromuscular system,
the transmission of nerve impulses and muscle contractions are
directly related to the concentration of sodium in the body. It also
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Table 2
Comparative table of results of French Studies.
Study

Inca-11

Inca22

(ENNS)3

Année
Methods

1998–1999.
Method book about
7 consecutive days

2006–2007
Method book about
7 consecutive days

Total salt
intake

8.1 g/j (the added
salt was not taken
into account)

7.7 g/j (the added
salt was not taken
into account)

2006–2007
Three
consecutive
recalls of 24 h
8.45 g/j (added
salt has been
recorded)

plays a role in the transfer of sugars and other nutrients necessary
for the cell. Salt is also a vector of iodine, an element necessary for
brain development and thyroid gland to secrete thyroid hormone.
Salt also has a bactericidal action. Sodium chloride is the principal
source of sodium, but not the only one, there are in fact other than
foods naturally contain such as meat, milk, fresh dairy products,
eggs, some fruits and vegetables. . .
ANSES (French Agency for Food, Environmental and Occupational Health and Safety) considers that the sodium requirement
is 400–800 mg of sodium per day to ensure homeostasis.7 For
ANSES, the average physiological needs of human adult sodium
chloride should not exceed 4 g per day (The French Agency for
Food Safety opinion in the report ‘‘salt” 2002).8
Globally, the WHO9 established in January 2013 a daily target of
5 g or less of salt (<2000 mg of sodium per day) given the relatively
high daily intake worldwide.
This situation is comparable to that of Brazil which has an average daily consumption of sodium 4500 mg, according to a survey
conducted in 2003 and published in 2009 by Sarno et al.10
However, the most important results have been reported in Turkey, where the analysis of urine samples (natriuresis) in 2008
showed an average daily intake of 7200 mg/day of sodium.11
This over-consumption is also observed but with lesser
amounts in France, Canada, Spain, Finland and the United States
with daily intake of 3120 mg sodium means, 3400 mg, 2142 mg,
3300 mg and 3435 mg, respectively. Table 2 summarizes the
results of other similar studies to ours:
Our study shows that the majority of sodium in the typical diet
of respondents comes from salt added during food preparation and
seasoning (57%) unlike Canadian and French populations where
there is a predominance of food products processing (77% and
75% respectively).
Analysis of the results of our investigations shows that the
bread is the main vector of salt in foods of our obese (35%)
(Fig. 1). A similar prevalence was revealed by the NutriNet-health
study12 carried out on the French population in 2010 showed off a
contribution of 24.1%.
Study natriuresis 24 h is the Gold standard for estimating that
salt intake.13 The amount of sodium excreted in urine represents
almost all of the sodium ingested and varies depending on the
sodium intake. So the only reliable method to assess the amount
of sodium ingested daily is the measurement of urinary sodium
excretion over 24 h, natriuresis. It has the advantage of being
insensitive to the characteristic subjectivity food intake.14
Our results showed that the average natriuresis in our population was 158 ± 68 mmol/24 h. Indirect estimation of spontaneous
salt intake of our obese through natriuresis of 24 divided by 17
shows the contributions of 9.4 ± 4 g/d. These are lower than the
results of the dietary survey of our patients (11 ± 4 g/d). This difference is probably explained by other sodium losses in sweat and
fecal losses. Moreover, since obese have an increase in tubular
reabsorption of sodium in relation hyperinsulinism, it is obvious
that their natriuresis 24 h could be reduced.15
However, this method of assessing sodium intake is widely used
and recommended for epidemiological investigations mass,16–18
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and therefore we recommend its application for the Tunisian
population.
Similar results were reported in a Swiss study,19 with 75% of
respondents felt that the salt has an impact on health. The majority
(81%) considered rightly as hypertension had a direct link with salt
consumption. Also among Swiss who consider their salt intake is
very low, 80.3% had high natriuresis and thus excessive salt diet.
These results lead us to conclude that our population like many
others do not know evaluate the salt content in their diet and
therefore the mass nutrition education should be complemented
by actions of intervention on reducing salt in processed foods
and in particular bread.
5. Conclusions
Education campaigns could significantly improve the knowledge of the main sources of salt ingested by the population. In this
regard, it would be useful to develop, in cooperation with industry,
a strategy including the labeling of salt content and the reduction
thereof foods including bread. The ultimate aim of these measures
is to lower blood pressure, reduce the prevalence of high blood
pressure and consequently the cardiovascular morbidity and mortality and the prevalence and incidence of other diseases associated with salt consumption.
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