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Salt intake in Eastern Saudi Arabia
A.M. Alkhunaizi,1 H.A. Al Jishi 2 and Z.A. Al Sadah 2

ABSTRACT High salt intake has been associated with adverse side-effects such as hypertension and cardiovascular 
disease. The amount of salt intake among the population of Saudi Arabia is not known. The objective of this study 
was to estimate the salt intake among residents of the Eastern region of Saudi Arabia by measuring 24-hour urinary 
sodium excretion. Urine samples were collected from 130 individuals aged over 14 years for measurement of 
levels of sodium and other electrolytes. A total of 87 samples met the criteria for accuracy and were analysed. 
Total mean 24-hour sodium excretion for the group was 140 (SD 49) mEq [153 (SD 52) mEq for males and 118 (SD 
37) mEq for females]. These values exceed the recommended daily intake of sodium and may contribute to the 
risk of developing hypertension and cardiovascular disease in Saudi Arabia.
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تناول الملح في شرق المملكة العربية السعودية
أحمد منصور الخنيزي، هالة عبد الهادي الجشي، زينب علوي السادة

المعروف كمية  القلب والأوعية. ومن غير  الدم وأمراض  ارتفاع ضغط  تأثيرات جانبية ضائرة مثل  الملح  تناول مقادير كبيرة من  يرافق  الخلاصـة: 
الملح التي يتناولها السكان في المملكة العربية السعودية. وتهدف هذه الدراسة إلى تقدير كمية المتناول من الملح بين سكان المنطقة الشرقية في المملكة 
العربية السعودية من خلال قياس كمية الصوديوم المفرغ في البول خلال 24 ساعة. وقد جمع الباحثون عينات البول من 130 شخصاً أعمارهم فوق 
14 عاماً، وقاسوا مستويات الصوديوم والكهرليات الأخرى. واتضح أن 87 عينة قد وفت بمعايير الدقة، فتم تحليلها. وكان وسطي إفراغ الصوديوم 

في 24 ساعة في الفئة المدروسة 140 ميلي مكافئ )بانحراف معياري49 ميلي مكافئ(، ]للذكور 153 )بانحراف معياري 52(، وللإناث 118 ميلي مكافئ 
)بانحراف معياري 37([. وتتجاوز هذه القيم المقدار الموصى بتناوله يومياً من الصوديوم، وقد تساهم في خطر الإصابة بارتفاع ضغط الدم والمرض 

القلبي الوعائي في المملكة العربية السعودية.

Apport en sel dans l’est de l’Arabie saoudite

RÉSUMÉ Un apport élevé en sel a été associé à des effets secondaires indésirables tels que l’hypertension 
et des maladies cardio-vasculaires. La quantité de sel consommée par la population d’Arabie saoudite n’est 
pas connue. L’objectif de la présente étude était d’estimer l'apport en sel chez des résidents de la région est 
d’Arabie saoudite en mesurant leur excrétion urinaire de sodium en 24 heures. Des échantillons d’urine ont 
été recueillis auprès de 130 personnes âgées de plus de 14 ans afin de mesurer les concentrations de sodium 
et d’autres électrolytes. Au total, 87 échantillons ont satisfait aux critères de précision et ont été analysés. 
L’excrétion de sodium moyenne totale en 24 heures pour le groupe était de 140 mEq (E.T. 49) (153 mEq [E.T. 52] 
pour les hommes et 118 mEq [E.T. 37] pour les femmes). Ces valeurs sont supérieures à celles recommandées 
pour l'apport en sodium quotidien et représentent un risque de survenue d’hypertension et de maladies cardio-
vasculaires dans la population saoudienne.
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Introduction

High levels of salt intake in the form of 
sodium chloride are associated with 
adverse events such as the development 
of hypertension, cardiovascular events 
and strokes [1–4]. Reducing dietary 
salt intake could substantially reduce 
cardiovascular events and strokes and 
may increase people’s lifespan and re-
duce national health-care expenditures 
[5–9]. The World Health Organiza-
tion (WHO) has recommended salt 
reduction as a top priority for tackling 
noncommunicable diseases and has 
considered this a public health target 
[10]. Similarly, the Institute of Medicine 
(IOM) in the United States has issued 
recommendations to decrease sodium 
intake [11].

There is a great variation in salt intake 
between different populations, ranging 
from 1 mEq/day among the Yanomamo 
Indians in the Amazon valley in Brazil to 
299 mEq/day in some parts of China 
[12–15]. The amount of salt intake 
among the population of Saudi Arabia is 
not known. The aim of this study was to 
measure 24-hour urinary sodium excre-
tion in order to estimate the sodium 
intake and to measure some other es-
sential electrolytes among citizens in the 
Eastern region of Saudi Arabia.

Methods

Sample
A total of 130 citizens from Eastern 
Saudi Arabia above the age of 14 
years were recruited. The participants 
included healthy volunteers, healthy 
potential kidney donors and patients 
who underwent work-up for nephro-
lithiasis.

Data collection
Sodium intake was estimated by meas-
uring 24-hour urinary sodium excre-
tion. Samples were collected between 
October and March for 4 consecutive 
years between 2009 and 2012. Due 

to the hot climate in this area during 
the summer months and the possibil-
ity of excessive sodium loss in sweat, 
the samples were collected during the 
season of temperate climate between 
October and March. The study was 
approved by the institutional review 
board at Saudi Aramco Medical Ser-
vices Organization.

The participants were given clear 
instructions about urine collection for 
a total of 24 hours. All participants 
were instructed not to modify their 
diet during the study period. Patients 
with chronic kidney disease, those 
receiving diuretics and patients with 
gastrointestinal disorders were ex-
cluded. To guard against over- and 
under-collection, urinary creatinine 
was measured in all samples. A daily 
creatinine excretion of 20–25 mg/kg 
and 15–20 mg/kg lean body weight 
was expected for males and females 
respectively. Samples with a total cre-
atinine excretion outside these ranges 
were rejected. In addition to urinary 
sodium, other electrolytes including 
potassium and magnesium were also 
measured.

Blood pressure (BP), weight, and 
body mass index (BMI) were deter-
mined for all participants. Casual (in 
office, resting) BP was measured using 
automatic oscillometric devices fol-
lowing the standardized National Joint 
Commission protocol [16]. The mean 
of 3 BP measurements at 3 different 
encounters was recorded.

The electrolytes were measured by 
dry chemistry methods using Vitros 
350 Chemistry System (Ortho Clinical 
Diagnostics).

Data analysis
The software Microsoft Excel 2010 and 
Graphpad Prism, version 2.0 were used 
for the statistical analysis. Data were 
expressed as mean values with standard 
deviation (SD). Pearson correlation 
coefficient (r) was used to analyse the 
association between electrolytes excre-
tion and the various variables of the 

study population. P-values of < 0.05 
were considered significant.

Results

The 24-hour urinary collection was per-
formed on a total of 130 participants; 43 
samples were excluded from the analy-
sis due to incorrect collection. Analysis 
was performed on a total of 87 samples 
(54 from males and 33 from females). 
The mean age of the participants was 
44 (SD 18), range 14–83 years. The 
mean ages were 45 (SD 18) years and 
41 (SD 17) years for males and females 
respectively.

Table 1 shows the demographic 
data of the participants and the meas-
ured electrolyte excretion in male 
and female participants. The sodium 
excretion of the male participants was 
particularly high (153 mEq/day), and 
much higher than that of the female 
participants (118 mEq/day). 

Correlations between 24-hour sodi-
um excretion and age, BMI and systolic 
and diastolic BP are shown in Table 2. 
Among the male participants there was 
a negative correlation between sodium 
excretion and age, and a positive cor-
relation with body weight. This did not 
reach statistical significance, however, 
for the female participants.

Discussion

The WHO recommends that all coun-
tries assess the sodium consumption 
of the population [17]. Most of the 
sodium in the diet is ingested in the 
form of sodium chloride. The WHO 
recommends an intake of no more 
than 5 g of sodium chloride or 2 g of 
sodium (85 mEq) per day, while the 
IOM recommends that adults should 
not consume more than 2.3 g of sodium 
(100 mEq) per day [11,17]. Based on 
these recommendations and due to 
the adverse health effects of dietary salt, 
many countries have adopted policies 
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to regulate salt consumption through 
educating people to reduce the use of 
salt in cooking and by persuading the 
food industry to minimize the use of 
salt in their products. Estimating salt 
intake by measuring salt excretion is 
an essential step towards formulat-
ing these policies. There are differ-
ent methods for estimating sodium 
consumption, including 24-hour 
urinary collection, casual spot urine 
collection and timed spot urine col-
lection. Among these methods, the 
first is the most accurate. In an earlier 
report in 2007, the WHO suggested 
that as few as 100 individuals from a 
representative sample, with each par-
ticipant carrying out a single 24-hour 
urine collection, would be sufficient 
to provide an estimate of the sodium 
intake of a population [18].

The daily intake of sodium has 
not been officially documented in 

the Saudi population. As a result of 
lifestyle changes in the country, dia-
betes and hypertension have reached 
epidemic levels [19]. The hot climate 
during the summer months in East-
ern Saudi Arabia may result in large 
losses of water and salt in the sweat. 
To avoid any substantial sodium loss 
in the sweat, we conducted the study 
during the season of moderate cli-
mate between October and March. 
The main bulk of the study sample 
was healthy adult individuals. Sodium 
intake, as reflected in the mean 24-
hour sodium excretion rate, was 140 
(SD 49) mEq, which is higher than 
recommended by both WHO and 
IOM [10,11]. This was true for both 
males and females, with mean values 
of 153 (SD 52) mEq and 118 (SD 
37) mEq respectively. There was a 
negative correlation between sodium 
excretion and age, and a positive 

correlation with BMI among the male 
participants, most likely as a result of 
the overall high calorie intake among 
the young and overweight individuals. 
This was not observed in the female 
participants, probably due to the small 
sample size. We did not find a cor-
relation between sodium excretion 
and either systolic or diastolic blood 
pressure. This may be attributed to the 
relatively young age of the cohort.

Besides sodium intake, low potas-
sium intake has also been associated 
with the development of cardiovascu-
lar disease and stroke [20]. Adequate 
potassium intake is recommended 
to counteract the adverse effects of 
sodium chloride. The IOM recom-
mended a daily potassium intake of 
4.7 g (120 mEq) for adults [21]. Simi-
lar to sodium, potassium homeostasis 
is mainly regulated by the kidneys. 
The amount of potassium loss in the 
sweat and through the gastrointes-
tinal tract is minimal under normal 
conditions. Therefore, and similar to 
sodium, urinary excretion of potas-
sium is considered a surrogate for 
potassium intake. Our data showing 
a 24-hour mean excretion of 56 (SD 
22) mEq indicated that potassium 
intake was low in the total group and 
in both sexes of the sample popula-
tion [60 (SD 24) mEq and 50 (SD 
16) mEq in males and females re-
spectively]. This, in addition to high 
sodium intake, puts our population 
at an increased risk for the develop-
ment of hypertension, cardiovascular 
disease and stroke.

Table 2 Correlation between 24-hour urinary sodium excretion and several 
variables among male and female participants

Sex/variable r 95% CI P-value

Males

Age –0.33 –0.55 to –0.07 0.015

BMI 0.27 –0.01 to –0.50 0.05

Mean SBP 0.01 –0.26 to –0.28 0.94

Mean DBP 0.19 –0.08 to –0.44 0.167

Females

Age –0.01 –0.35 to –0.34 0.96

BMI –0.07 –0.41 to –0.28 0.68

Mean SBP –0.08 –0.41 to –0.27 0.66

Mean DBP 0.05 0.30 to –0.39 0.78

r = correlation coefficient; CI = confidence interval; BMI = body mass index; SBP = systolic blood pressure; DBP 
= diastolic blood pressure.

Table 1 Demographic data and 24-hour urinary electrolyte excretion of the study participants

Sex No. of 
people

Mean (SD) values

Age
(years)

BMI
(kg/m2)

BP (mmHg) Electrolytes

Systolic Diastolic Na+

(mEq)
K+

(mEq)
Mg2+

(mg)

Total 87 44 (18) 27 (5) 129 (15) 75 (8) 140 (49) 56 (22) 81 (37)

Male 54 45 (18) 28 (5) 132 (15) 75 (8) 153 (52) 60 (24) 88 (41)

Females 33 41 (17) 27 (6) 125 (14) 74 (6) 118 (37) 50 (16) 70 (25)

BMI = body mass index; BP = blood pressure; SD = standard deviation. 
Na+ = sodium; K+ = potassium; Mg2+ = magnesium..
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Magnesium is another mineral 
that has vital biological functions. The 
recommended dietary allowances of 
magnesium are 320 mg and 420 mg 
for adult women and men respectively 
[22]. Balance studies have shown 
that the net magnesium absorption 
is around 50%, with a range from 
10%–65% of the total intake depend-
ing on the diet [23,24]. In the absence 
of diarrhoea, most of the absorbed 
magnesium will be excreted in the 
kidneys. Based on this, our data of 
24-hour magnesium excretion [mean 
81 (SD 37) mg] may not necessar-
ily reflect magnesium intake, and we 
can only speculate that the intake of 

magnesium in our cohort is lower than 
what is recommended by the IOM. 
However, that can only be confirmed 
by quantification of the actual content 
of magnesium in the diet.

This study gives insight into the 
amount of sodium intake in this re-
gion of Saudi Arabia, and suggests 
that measures should be adopted 
to improve the dietary habits of the 
population with the hope to decrease 
the associated adverse health effects 
of high salt intake. The results of this 
study could very well be extrapolated 
to other neighbouring regions where 
people share similar cultures and di-
etary habits.
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