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Abstract

Purpose High intake of salt is associated with early
development of cardiovascular risk factors (e.g., hyperten-
sion, obesity). In “developed” countries, individuals fre-
quently exceed dietary recommendations for salt intake.
Taking into account the limited data on sodium intake by
24-h excretion in urine in schoolchildren, we wished to
determine baseline salt intake in Spanish subjects aged
7-11 years.

Methods The present study was an observational study
involving 205 schoolchildren (109 boys and 96 girls)
selected from various Spanish provinces. Sodium intake
was ascertained by measuring sodium excretion in urine
over 24 h. Creatinine was used to validate completeness
of urine collections. The correlation between fat-free mass
determined by anthropometry and that determined via uri-
nary excretion of creatinine was calculated (r = 0.651;
p <0.001).

Results Mean 24-h urinary excretion of sodium was
132.7 &£ 51.4 mmol/24 h (salt equivalent: 7.8 £+ 3.1 g/
day). Hence, 84.5 % of subjects aged <10 years had
intakes of >4 g salt/day, and 66.7 % of those aged
>10 years had intakes of >5 g salt/day. Urinary excretion
of sodium was correlated with systolic blood pressure
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and diastolic blood pressure (r = 0.1574 and r = 0.1400,
respectively). Logistic regression analyses, adjusted
by sex, showed that a high body mass index (odds
ratio = 1.159; 95 % CI 1.041-1.290; p < 0.05) was asso-
ciated with an increased likelihood of high urinary excre-
tion of sodium.

Sodium intake, as estimated by 24-h urinary
excretion, was (on average) higher than recommended.
Reducing the sodium content children’s diet is a sound pol-
icy to reduce cardiovascular risk.

Conclusions

Keywords Urinary sodium excretion - Salt intake -
Schoolchildren - Spain

Introduction

A high intake of salt is associated with the risk of early
development of cardiovascular risk factors such as hyper-
tension [1, 2]. Subjects with high blood pressure (BP)
at an early age are more likely to develop hypertension
in the future [3]. Simultaneously, high intakes of salt
increase the risk of other disorders, such as kidney dis-
ease, osteoporosis, the formation of kidney stones, and
stomach cancer (of which it is thought to be the main
cause) [1, 4-6].

In “developed” countries, individuals frequently exceed
dietary recommendations for salt [7-10]. Disorders that
result from such behavior can be important public health
problems and involve considerable socioeconomic costs
[10, 11]. Reducing salt intake is one of the easiest, most
efficient, and cost-effective ways to control this problem [1,
12]. In Spain, the Ministry of Health is developing a strat-
egy to reduce the salt intake of the population according
to recommendations set by the World Health Organization
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(WHO)/Food and Agriculture Organization of the United
Nations (5 g/day) [13].

The best method of estimating sodium intake is meas-
urement of its excretion over 24 h [14]. Use of dietary sur-
veys and databases detailing food composition can under-
estimate sodium intake [8, 15].

There are important logistical difficulties in collect-
ing complete 24-h urine samples, particularly in chil-
dren. In Spain, only two studies have measured 24-h
urinary excretion of sodium [16, 17]. We wished to
determine baseline salt intake in Spanish subjects aged
7-11 years.

Subjects and methods

The study protocol was approved by the Ethics Commit-
tee for Clinic Review of Clinic San Carlos Hospital, which
is part of the Complutense University of Madrid (Madrid,
Spain).

Recruitment of subjects

This observational study was conducted between Febru-
ary and June 2014. It involved five primary schools from
various Spanish provinces, including the capital city of
each province and a semi-urban/rural city. All schools
were chosen randomly. Of the 10 schools contacted by
telephone, five accepted the invitation to be included in
the study. Permission was requested to meet the parents
of children in the age group 7-11 years. Once permis-
sion was given, the details of the study were explained
to parents and all questions answered. Written informed
consent was then sought to include their children in the
study.

A total of 1232 children were given the opportunity to
participate in the study. Of these, 275 children provided
written informed consent and 70 were excluded. The
final sample, therefore, comprised 205 participants aged
7-11 years. For these subjects, complete information
was available regarding health problems, anthropomet-
ric data, and 24-h urine samples. All subjects took part
voluntarily.

The exclusion criteria were: (1) lack of authorization
to take part or non-acceptance of any of the conditions
required for the study to proceed; (2) non-attendance on
days when tests or interviews were conducted; (3) having
a disease that might affect the results (e.g., diabetes mel-
litus, hypertension, renal disease), altered food habits (and,
therefore, nutrient intake), or would warrant non-inclusion.
Also, those urine samples with incomplete micturitions
were not included in the study.
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Methods
Health variables

Information was collected from all participants on health
problems as well as consumption of medications, supple-
ments, and manufactured foods such as snacks and processed
foods (ready meals, entrees, side dishes, etc.). BP was meas-
ured in the right arm of seated patients following a 5-min rest
period using an HEM-907XL automated sphygmomanometer
(Omron Health Care, Vernon Hills, IL, USA). BP was meas-
ured in triplicate with an interval between measures of at least
5 min. All readings were taken by a trained technician [18].

Schoolchildren were classified as “normotensive” and
“hypertensive” according to the criteria for Spanish people
set by Diaz et al. [19].

Anthropometric data

All measurements were taken at schools in the morning and
in accordance with norms set out by the WHO [20].

Weight and height were determined using a digital elec-
tronic balance (range 0.1-150 kg; precision, 100 g; Alpha;
Seca, Igni, France) and a digital stadiometer (70-205 cm;
1 mm; Harpenden Pfifter, Carlstadt, NJ, USA), respec-
tively. For these measurements, children were barefoot and
wore only underwear. The body mass index (BMI) was
then calculated.

Overweight and obesity were defined according to BMI-
specific percentiles for age and sex in the reference popula-
tion according to criteria set by Ferndndez et al. [21].

Measurements for the waist and hip were determined
using a flexible metallic tape (range 0—150 cm; precision,
1 mm; Holtain, Crymych, Wales). These were measured
while the subject was standing relaxed and with the tape
held snugly around the body (but not so tight that subcu-
taneous adipose tissue was compressed). The waist was
measured midway between the inferior margin of the last
rib and the crest of the ileum, in the horizontal plane. The
maximum circumference encircling the buttocks and the
pubic symphysis in the horizontal plane constituted hip
circumference. An assistant helped to hold the tape on the
side of the subject’s body opposite the measurer. The mean
value of the three measurements was used for analyses. The
waist—hip ratio was then calculated.

Thicknesses of bicep, tricep, subscapular, and suprail-
iac skinfolds were measured on the right side in triplicate
to the nearest millimeter using a skinfold caliper (range
0-40 mm; precision, 0.1 mm; Holtain). All calipers were
calibrated each day before taking measurements.

Percentage body fat (%BF) was determined using the
equation derived by Deurenberg et al. [22]:
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Male individuals aged 2—18 years (%BF) = [562 — 4.2 (age — 2)| /D — [525 — 4.7 (age — 2)],
Female individuals aged 2—10 years (%BF) = [562 — 1.1 (age — 2)|/D — [525 — 1.4 (age — 2)],
Female individuals aged 10—18 years (%BF) = [533 — 7.3 (age — 10)| /D — [514 — 8 (age — 10)],

where D was calculated according to age as follows:

Male individuals: D = 1.1133—0.0561

x log (2 4 skinfolds) + 1.7 (age 1073)
Female individuals: D = 1.1187—0.063

x log (T 4 skinfolds) + 1.9 (age 10™)

Using these values and knowing the subject’s body weight,
then fat mass and fat-free mass can be calculated:

Fat mass (kg) = body fat (%) x body weight/100
Fat-free mass (kg) = body weight (kg) — fat mass (kg)

Urine testing

To ensure compliance in the 24-h urine collection, the chil-
dren and their parents were carefully instructed in the col-
lection procedure and also received written directions. Chil-
dren were asked to void their bladders at 8 o’clock p.m.;
this micturition was completely discarded, and the time
was registered (start of collection). All the urine passed for
the next 24 h was collected, including the complete sam-
ple produced at 8 o’clock p.m. the next day. This protocol
has been adapted from Neubert et al. [23]. All micturitions
were stored immediately in preservative-free, 1-L plastic
containers at temperatures <—12 °C before transfer to the
laboratory.

Volume, as well as the content of sodium, potassium,
and creatinine, of 24-h urine was determined. Urinary
levels of sodium and potassium were quantified using an
indirect potentiometer with selective solid membranes for
each ion connected to an AU 5400 Autoanalyzer (Olympus,
Mishima, Japan): coefficient of variation (CV) = 1.0 % for
sodium and 1.1 % for potassium [24].

Creatinine levels were determined according to a modifi-
cation of the Jaffé reaction using the same apparatus. Color
intensity was measured at 520 nm (CV = 2.8 %) [25]. All
reagents were supplied by Olympus.

To confirm appropriate collection of 24-h urine, the cor-
relation between urinary levels of creatinine and muscular
mass of each subject was taken into account [26]. Fat-free
mass was calculated bearing in mind the creatinine excreted
over 24 h in urine using the following equation [27]:

Fat-free mass (kg) = 0.02908 x creatinine (mg/day) + 7.38
Statistical analysis

Normality of all data was checked. The results for all vari-
ables are expressed as mean *+ standard deviation (SD),

medians with interquartile range or percentages where
appropriate.

Differences regarding sex, BP, or BMI groups were
tested using the Student’s ¢ test (or the Mann—Whitney test
if the distribution of results was not homogeneous). For
qualitative variables, the X2 test was used.

Pearson’s linear correlation coefficient between FFM-A
and FFM-F was calculated. Likewise, Pearson’s correla-
tion coefficient was used to assess the association between
24-h urine sodium and both systolic blood pressure (SBP)
and diastolic blood pressure (DBP). Relationships between
24-h urine sodium and SPB or DBP were examined by
multiple regression analysis, were sex, age and BMI were
included as covariates. Logistic regression analysis was
used to explore the likelihood of high 24-h urine sodium
(>100 mmol/24 h) and BMI considering sex as covariate,
expressing the OR and the 95 % CI.

All calculations were made using SPSS v19.0 (IBM,
Armonk, NY, USA). p < 0.05 was considered significant.

Results

A total of 205 children (109 were male and 96 were female)
aged 7-11 years (mean £ SD: 8.8 £ 1.2 years) completed
the study. Personal, anthropometric, and blood-pressure
data of participants are shown in Table 1.

Although for cross-sectional studies, no reasonable tool
is available to identify incomplete 24-h urine samples,
Remer et al. [28] indicated that a daily creatinine excretion
rates that fall below 0.1 mmol/kg/day in healthy children
are highly suspected to be incomplete. According to these
criteria, none of the children studied had urinary creati-
nine excretion lower than 0.1 mmol/kg/day (range values:
0.1-0.3 mmol/kg/day).

Excretion of creatinine, sodium, and potassium was sig-
nificantly higher in boys than in girls (Table 2). A posi-
tive and significant correlation (r = 0.651; p < 0.001) was
found between the fat-free mass determined by anthropom-
etry (27.8 £ 5.0 kg) and that determined by the creatinine
content of 24-h urine (28.3 £ 5.5 kg) (Table 1). No sig-
nificant differences were observed between these results,
indicating that 24-h urine was collected appropriately.

Assuming that the sodium eliminated in urine arose from
the diet (132.7 & 51.4 mmol/24 h) (Table 2), this excre-
tion corresponded with a dietary salt intake of 7.8 £ 3.1 g/
day in the entire sample, with differences according to
sex (boys: 8.3 + 3.4 g salt/day; girls: 7.2 & 2.4 g salt/day;
p < 0.05). According to WHO criteria [14], our results
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Table 1 Personal and anthropometric characteristics of the study population according to sex

Total Boys Girls
Mean £ SD  Median (interquartile =~ Mean £ SD  Median (interquartile = Mean &= SD  Median (interquartile
range) range) range)

N 205 109 96
Age (years)® 88+£12 9 (8-10) 88+1.2 9 (8-10) 89+12 9 (8-10)
Weight (kg)* 353483 34.0 (30.0-40.0) 35084 33.0(29.0-40.0) 356383 35.5 (30.0-40.0)
Height (cm) 136.9 + 8.6 137.2 (130.2-142.7)  137.0 £8.0 136.5(130.8-142.4) 1369 £9.4 137.9 (129.0-143.0)
BMI (kg/m?)? 18.6 £3.5 18.1 (16.3-20.4) 184 +£3.8 17.6 (16.2-20.0) 18.8 +3.0 18.5 (16.7-20.6)
Overweight (%) 235 23.3 23.8
Obese (%) 6.8 10.1* 2.9%
Waist (cm)? 644 £ 8.5 62.9 (58.2-68.7) 64.6 £9.1 61.9 (58.3-67.8) 64379 64.0 (58.2-68.9)
Waist/height 0.49 £ 0.07 0.48 (0.44-0.53) 0.49 £ 0.08 0.48 (0.43-0.53) 0.49 £ 0.06 0.48 (0.44-0.53)
BF-A (%) 20.1 £6.8 19.9 (14.8-25.5) 18.0 £ 6.9%** 16.1 (12.3-23.5) 22.4 £ 6.0%** 22.1 (18.0-26.8)
BF-A (kg)* 7.5+£4.0 6.6 (4.6-9.9) 6.8 £ 4.1%* 5.7 (3.4-9.3) 8.3 £ 3.7%* 8.0 (5.5-10.7)
FFM-A (kg) 27.8£5.0 27.2 (24.3-30.8) 283 +£4.7 27.7 (24.9-31.2) 272453 26.8 (24.1-30.1)
FFM-F (kg) 283 £5.5 27.8 (24.4-32.1) 29.2 £ 5.5% 29.1 (25.6-32.8) 27.3 £5.5% 26.7 (23.4-31.1)
Blood pressure

Systolic (mmHg) 100.6 £ 14.6  101.0 (93.0-109.0) 101.2 +16.8 102.0 (94.0-110.0) 99.9 +11.8 100.0 (92.8-107.0)

Diastolic 65.1+114 64.5 (60.0-71.0) 64.9 + 13.6 63.5 (60.0-71.0) 652+ 8.1 64.5 (60.0-71.0)

(mmHg)

BMI body mass index, BF-A body fat measured by anthropometry, FFM-A fat-free mass determined by anthropometry, FFM-F fat-free mass
determined by formula [27]

* p <0.05; ¥* p < 0.01; *** p < 0.001 (differences between boys and girls)

 Variable not normally distributed

Table 2 Twenty-four-hour urine data of the study population according to sex

Total Boys Girls
Mean + SD Median (interquartile Mean + SD Median (interquartile Mean + SD Median (interquartile
range) range) range)
Volume (mL/24 h) 870.4 +306.1 850.0 (650.0— 891.8 £304.7 875.0 (650.0— 848 £307.5 817.5(636.3-1050.0)
1050.0) 1050.0)
24-h creatinine 718.59 £190.5 702.0 (584.0-851.0) 749.0 & 188.0* 748.0 (627.0-873.0) 683.9 4 188.2* 666.0 (551.0-816.5)
(mg/24 h)
24-h sodium 132.7+£51.4  128.0 (96.0-163.0)  141.8 £57.5% 136.0 (122.0-177.0) 1224 £41.4* 119.5(90.8-154.5)
(mmol/24 h)
24-h potassium 494 +158  47.0 (39.0-59.0) 51.7£17.0%¥  51.0 (40.0-63.0) 46.7 £13.8%  44.5(37.0-55.3)
(mmol/24 h)
Sodium:potassium 28+12 2.6 (2.1-3.4) 29+1.2 2.6 (2.2-3.7) 28+12 2.5(2.0-34)
ratio (mmol/mmol)*
Sodium:creatinine 0.19+£0.06  0.18 (0.15-0.23) 0.19 + 0.06 0.18 (0.15-0.23) 0.18 £ 0.05 0.18 (0.15-0.22)
ratio (mmol/mg)
Potassium:creatinine 0.07£0.02  0.07 (0.06-0.08) 0.07 £ 0.02 0.07 (0.06-0.08) 0.07 £0.02 0.07 (0.06-0.08)

ratio (mmol/mg)*

* p < 0.05 (differences between boys and girls)
 Variable not normally distributed

showed that 84.5 % of subjects aged <10 years had intakes
of >4 g salt/day, and 66.7 % of those aged >10 years had
intakes of >5 g salt/day.

By classification of our study cohort as normoten-
sive and hypertensive children (12.7 % of children) [19],
there were no differences in 24-h urinary excretion of
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sodium between normotensive (129.5 4+ 48.6 mmol/24 h)
and hypertensive children (155.5 £ 64.1 mmol/24 h;
p > 0.05). However, SBP (r = 0.1574; p < 0.05) and DBP
(r = 0.1400; p < 0.05) were correlated positively and sig-
nificantly with 24-h excretion of sodium. Multiple regres-
sion analyses between 24-h urinary levels of sodium and
SBP or DBP (including age, sex, and BMI as covariates)
did not show a significant association, but when sex and
BMI were eliminated, it was observed that SBP increased
by 0.041 & 0.020 mmHg (R*> = 0.035; p < 0.05) and DBP
by 0.041 + 0.015 mmHg (R*> = 0.035; p < 0.05) per each
mmol/24-h urinary excretion of sodium.

Seventy-two percentage of children had a high urinary
excretion of sodium (>100 mmol/24 h) [29]. Logistic
regression analyses showed that the likelihood of excreting
high levels of urine sodium increased by 15.9 % per each
kg/rn2 of BMI, after adjustment for sex (CI 1.041-1.290;
p < 0.05). Overweight/obese subjects had higher urinary
elimination of sodium (152.1 £ 59.2 mmol/24 h) than those
of normal weight (124.6 £ 45.5 mmol/24 h; p < 0.01).

Discussion

In our study, the mean intake of sodium was
2451 +£ 558 mg/day. This result is similar to that reported
in the enKid study [30], in which a sodium intake of 2200
and 2700 mg/day in boys aged 6-9 and 10-13 years,
respectively, and 2000 and 2300 mg/day in girls aged 6-9
and 10-13 years, respectively, was noted. However, other
authors have reported higher intakes. For example, Rod-
riguez-Artalejo et al. [31] recorded a sodium intake of
2700-3100 mg/day in Spanish subjects aged 67 years.

Bearing in mind that estimation of sodium intake is
fraught with difficulties [7], and in agreement with numer-
ous authors [7, 12, 32], the best way to determine salt
intake is probably via the amount excreted in urine over a
24-h period.

Considering that the salt in urine arises from the diet,
then 84.5 % of subjects aged <10 years had intakes of
>4 g salt/day, and 66.7 % of those aged >10 years had
intakes of >5 g salt/day [29]. These results are similar to
those observed by Marrero et al. [33], who reported that
73 % of those aged 8-9 years and 73 % of those aged
13-17 years had a salt intake above the respective recom-
mended maximum intake [29].

In Spain, only two studies have analyzed urinary excre-
tion of sodium in children [16, 17], and those data are
from 1985 to 2002. Luque-Otero et al. [16] reported
a urinary excretion of sodium of 122.0 £+ 40.0 and
127.0 4 40.0 mmol/24 h in male individuals aged 8-9 years
from Madrid and Santiago, respectively. Those results
are slightly lower in comparison with that obtained in the

male subjects of our study. Conversely, Maldonado-Martin
et al. [17] reported a 24-h urinary excretion of sodium of
136.3 £ 63.3 mmol/24 h in subjects aged 6—14 years from
Almeria, which is similar to the value obtained in the pre-
sent study. These results could be explained by the fact that,
in the two last decades, dietary habits have changed dra-
matically toward an increased intake of processed food and
restaurant/fast food, so salt intake would be higher than that
in the 2000s [33-36]. In Danish adults, intake of household
salt, estimated using a lithium marker, only contributed
8-10 % of total salt intake [37] indicating a high impact of
other food sources, especially high processed food [38, 39].

Our value also resembles the 24-h urinary excre-
tion of sodium of 132 £ 43 mmol/24 h reported by Cot-
ter et al. [40] in a study of 139 Portuguese subjects aged
10-12 years; the 131 mmol/24 h observed by Shi et al.
[41] observed in a group of 212 German boys aged
4-18 years; and the 129.2 £+ 5.8 mmol/24 h observed
by Marrero et al. [33] in a study of 103 British subjects
aged 13-17 years. However, our results are higher than
the 90.6 and 94.4 mmol/24 h found in a group of Ger-
man males aged 7-10 and 10-13 years, respectively, and
80.6 and 95.0 mmol/24 h in a group of German females
with the same ages, by Libuda et al. [42]; 97.5 and
89.0 mmol/24 h found in German boys and girls, respec-
tively, aged 9-13 years reported by Alexy et al. [43];
80.7 + 3.4 mmol/24 h found by Marrero et al. [33] in
111 British subjects aged 8-9 years; 71 &+ 23 mmol/24 h
reported by Kritbjorndottir et al. [15] in 58 subjects
aged 6 years from Iceland; 103 + 43 mmol/24 h found
by Grimes et al. [9] in 193 Australian subjects aged
5-13 years.

In the present study, 24-h urinary excretion of potassium
was similar to that recorded by other authors [17, 41, 44].
Additionally, it was higher in comparison with that reported
by Kritbjorndottir et al. [15], who found a 24-h excretion of
potassium of 31 & 11 mmol/24 h.

We found differences according to sex in urinary excre-
tion of sodium (Table 2), having observed that boys had
higher excretion than girls [7, 17, 33, 40, 43-47]. These
differences could be because of their overall higher food
intakes and differences in food habits [8]. Indeed, we found
that boys had higher energy intakes (2140 %+ 299.3 kcal/
day) and food consumptions (1977 + 479.8 g/day) than
girls (2049 £ 331.1 kcal/day and 1842 + 406.6 g/day;
p < 0.05 in both cases).

Several studies have examined the consequences of
a high dietary intake of salt on BP. A meta-analysis of
10 controlled trials showed that dietary intake of salt
is related to higher BP, and that a reduction in salt intake
by 42 % in children resulted in a fall in SBP and DBP of
1.17 and 1.29 mmHg respectively [48]. In our study, 12.7 %
of children were classified as “hypertensive” and we found
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that, for each mmol/24 h of sodium excreted in urine, the
SBP and DBP increased by 0.041 and 0.043 mmHg, respec-
tively. These effects might seem small, but an increase/
reduction in BP during childhood can have important conse-
quences [33, 49], and a reduction in salt intake could lead to
other positive health-related outcomes [33, 50].

Children who were overweight or obese had higher uri-
nary excretion of sodium than those with normal weight.
These findings have been observed in other studies carried
out with young people and adults [4, 39, 51-53]. In particu-
lar, our results are in agreement with the results shown by
Libuda et al. [42], who found a positive trend between uri-
nary excretion of sodium and increase in body weight and
%BF among 364 children and adolescents. Hulthén et al.
[39] observed rising values for body weight and the BMI
in Swedish subjects aged 18-20 years across quartiles of
sodium excretion. This phenomenon could be because a
high intake of salt stimulates the appetite and thirst, thereby
increasing the total intake of energy [39, 54]. However,
in the Dortmund Nutritional and Anthropometric Longi-
tudinally Designed (DONALD) study [42], inclusion of
sugar-sweetened soft drinks and total energy intake in the
study design did not elicit this association, suggesting that
other mechanisms may be operating. In a study with rats,
Fonseca-Alaniz et al. [55] suggested that high consumption
of salt contributes to an increase in adiposity because of an
increase in the capacity to incorporate glucose into lipids.
They also found that a higher activity of lipogenic enzymes
may promote adipocyte hypertrophy and excessive accu-
mulation of fat.

Strengths and limitations of the study

One of the strengths of the present study was the use of an
objective indicator, 24-h urinary sodium, to measure total
salt intake. In addition, we used a validated protocol for
24-h urine collection. We had only one 24-h urine excretion
per child, which might be considered a limitation. Other
limitations are that our sample was not representative and
was relatively small (n = 205).

Conclusions

Sodium intake, as estimated by 24-h urinary excretion, was
(on average) higher than that recommended. Reducing the
sodium content children’s diets is a sound policy to reduce
cardiovascular risk.

Acknowledgments This work was supported by the Santander-
UCM project (PR6/13-18866) and the “Creation and Consolidation
Program Research Group at the Complutense University of Madrid,
Madrid” (ref: GR3/14). None of the authors had any personal or

@ Springer

financial conflict of interest. All authors approved the final version of
the manuscript.

Funding This work was supported by the Santander-UCM pro-
ject (PR6/13-18866) and the “Creation and Consolidation Program
Research Group at the Complutense University of Madrid, Madrid”
(ref: GR3/14).

Open Access This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License (http://crea-
tivecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were
made.

References

1. He FJ, MacGregor GA (2009) A comprehensive review on salt
and health and current experience of worldwide salt reduc-
tion programmes. J Hum Hypertens 23:363-384. doi:10.1038/
jhh.2008

2. Ha S (2014) Dietary salt intake and hypertension. Electrolyte
Blood Press 12:7-18. doi:10.5049/EBP.2014.12.1.7

3. He F, Marrero N, MacGregor G (2007) Salt and blood pressure
in children and adolescents. ] Hum Hypertens 22:4—11

4. Hoffmann IS, Cubeddu LX (2009) Salt and the metabolic syn-
drome. Nutr Metab Cardiovasc Dis 19:123-128. doi:10.1016/j.
numecd.2008.02.011

5. Strazzullo P, D’Elia L, Kandala NB, Cappuccio FP (2009) Salt
intake, stroke and cardiovascular disease: meta-analysis of pro-
spective studies. BMJ 339:b4567. doi:10.1136/bmj.b4567

6. Kim J, Lim SY, Kim JH (2008) Nutrient intake risk factors of
osteoporosis in postmenopausal women. Asia Pac J Clin Nutr
17:270-275

7. Brown IJ, Tzoulaki I, Candeias V, Elliott P (2009) Salt intakes
around the world: implications for public health. Int J Epidemiol
38:791-813. doi: 10.1093/ije/dyp139

8. Ortega RM, Lopez-Sobaler AM, Ballesteros JM, Pérez-Farinds
N, Rodriguez-Rodriguez E, Aparicio A, Perea JM, Andrés P
(2011) Estimation of salt intake by 24-h urinary sodium excre-
tion in a representative sample of Spanish adults. Br J Nutr
105:787-794. doi:10.1017/S000711451000423X

9. Grimes CA, Riddell LJ, Campbell KJ, Nowson CA (2013) Die-
tary salt intake assessed by 24-h urinary sodium excretion in
Australian schoolchildren aged 5-13 years. Public Health Nutr
16:1789-1795. doi:10.1017/S1368980012003679

10. Wang G, Bowman BA (2013) Recent economic evaluations of
interventions to prevent cardiovascular disease by reducing
sodium intake. Curr Atheroscler Rep 13(15):349. doi:10.1007/
s11883-013-0349-1

11. Saeza M, Barcel6 MA (2012) Coste de la hipertension arterial
en Espafia. Hipertens Riesgo Vasc 29:145-151. doi:10.1016/j.
hipert.2012.07.003

12. World Health Organization (WHO) (2007) The effectiveness and
costs of population interventions to reduce salt consumption.
WHO, Geneva. http://www.who.int/dietphysicalactivity/Neal_
saltpaper_2006.pdf. Accessed 9 Oct 2015

13. World Health Organization (WHO) (2003) Diet, nutrition and
the prevention of chronic diseases. Joint WHO/FAO expert con-
sultation. WHO technical report series no. 916. WHO, Geneva.
http://www.who.int/dietphysicalactivity/publications/trs916/en/.
Accessed 9 Oct 2015


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1038/jhh.2008
http://dx.doi.org/10.1038/jhh.2008
http://dx.doi.org/10.5049/EBP.2014.12.1.7
http://dx.doi.org/10.1016/j.numecd.2008.02.011
http://dx.doi.org/10.1016/j.numecd.2008.02.011
http://dx.doi.org/10.1136/bmj.b4567
http://dx.doi.org/10.1093/ije/dyp139
http://dx.doi.org/10.1017/S000711451000423X
http://dx.doi.org/10.1017/S1368980012003679
http://dx.doi.org/10.1007/s11883-013-0349-1
http://dx.doi.org/10.1007/s11883-013-0349-1
http://dx.doi.org/10.1016/j.hipert.2012.07.003
http://dx.doi.org/10.1016/j.hipert.2012.07.003
http://www.who.int/dietphysicalactivity/Neal_saltpaper_2006.pdf
http://www.who.int/dietphysicalactivity/Neal_saltpaper_2006.pdf
http://www.who.int/dietphysicalactivity/publications/trs916/en/

Eur J Nutr (2017) 56:171-178

177

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

World Health Organization (WHO) (2011) Strategies to moni-
tor and evaluate population sodium consumption and sources of
sodium in the diet. Report of a joint technical meeting convened
by WHO and the Government of Canada. WHO, Geneva. http://
whqlibdoc.who.int/publications/2011/9789241501699_eng.pdf.
Accessed 9 Oct 2015

Kristbjornsdottir OK, Halldorsson TI, Thorsdottir I, Gunnarsdot-
tir [ (2012) Association between 24-hour urine sodium and potas-
sium excretion and diet quality in six-year-old children: a cross
sectional study. Nutr J 11:94. doi:10.1186/1475-2891-11-94
Luque Otero M, Sarichez RG, Martell Claros N, Ferndndez
Pinilla C, Martinez Zamora M, Sacristdn Sevilla A, Fernandez
Cruz A (1985) Relationship of blood pressure levels to height,
weight and sodium and potassium excretion in Spanish children.
J Hypertens Suppl 3:S391-S393

Maldonado-Martin A, Garcia-Matarin L, Gil-Extremera B, Avi-
var-Oyonarte C, Garcia-Granados ME, Gil-Garcia F, Latorre-
Hernandez J, Mir6-Gutiérrez J, Soria-Bonilla A et al (2002)
Blood pressure and urinary excretion of electrolytes in Spanish
schoolchildren. J Hum Hypertens 16:473-478

Spanish Ministry of Health (1991) Consenso para el control de
la hipertensioén arterial en Espafia (Consensus meeting for the
control of arterial hypertension in Spain). Cardiolog Hipertens
2:85-104

Diaz JJ, Rey C, Mdlaga S (2003) Utilidad de la férmula de Soma
en el diagndstico de hipertension arterial en nifios y adolescentes
espaioles. Med Clin (Barc) 121:776-778

World Health Organization (WHO) (1995) Physical status:
the use and interpretation of anthropometry. Report of a WHO
expert committee technical. Report series no 854. WHO, Geneve
Fernandez M, Lorenzo H, Vrotsou K, Aresti U, Rica I, Sanchez
E (2011) Estudio de crecimiento de Bilbao. Curvas y tablas de
crecimiento (Estudio transversal). Intituto de Investigacion sobre
crecimiento y desarrollo. Fundacién Faustino Orbegozo Eizagu-
irre.  http://www.fundacionorbegozo.com/wp-content/uploads/
pdf/estudios_2011.pdf. Accessed 9 Oct 2015

Deurenberg P, Pieters JJ, Hautvast JG (1990) The assessment of
the body fat percentage by skinfold thickness measurements in
childhood and young adolescence. Br J Nutr 63(2):293-303
Neubert A, Remer T (1989) The impact of dietary protein intake
on urinary creatinine excretion in a healthy pediatric population.
J Pediatr 133:655-659

Ng RH, Altaffer M, Ito R, Statland BE (1985) The Technicon
RA-1000 evaluated for measuring sodium, potassium, chloride,
and carbon dioxide. Clin Chem 31:435-438

Kroll MH, Chesler R, Hagengruber C, Blank DW, Kestner J,
Rawe M (1986) Automated determination of urinary creati-
nine without sample dilution: theory and practice. Clin Chem
32:446-452

Lépez-Sobaler AM, Quintas E (2015) Anthropometric survey.
In: Ortega RM, Requejo AM (eds) Nutriguia. Manual of clinical
nutrition. Editorial Médica Panamericana, Madrid, pp 153-163
Forbes G, Bruining GJ (1976) Urinary creatinine excretion and
lean body mass. Am J Clin Nutr 29:1359-1366

Remer T, Neubert A, Maser-Gluth C (2002) Anthropometry-
based reference values for 24-h urinary creatinine excretion dur-
ing growth and their use in endocrine and nutritional research.
Am J Clin Nutr 75:561-569

Institute of Medicine of the National Academies, Food and
Nutrition Board (2005) Dietary reference intakes for water,
potassium, sodium, chloride and sulfate. The National Acad-
emies Press, Washington

Serra LL, Ribas Barba L, Garcia Closas R, Pérez Rodrigo C,
Pefia Quintana L, Aranceta Bartrina J (2004) Ingesta de energia
y nutrientes en la poblacién infantil y juvenil espafiola (1998—
2000): variables socioecondmicas y geograficas. In: Serra L,

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Aranceta J (eds) Nutricion Infantil y juvenil. Estudio enKid. Edi-
torial Masson, Madrid, pp 27-41

Rodriguez-Artalejo F, Garcés C, Gorgojo L, Lopez Garcia E,
Martin-Moreno JM, Benavente M, del Barrio JL, Rubio R,
Ortega H, Fernandez O et al (2002) Dietary patterns among chil-
dren aged 67 y in four Spanish cities with widely differing car-
diovascular mortality. Eur J Clin Nutr 56:141-148

Hunter D (1998) Biochemical indicators of dietary intake. In:
Willett W (ed) Nutritional epidemiology. Oxford University
Press, Oxford, pp 174-243

Marrero NM, He FJ, Whincup P, MacGregor GA (2014) Salt
intake of children and adolescents in South London: consump-
tion levels and dietary sources. Hypertension 63:1026-1032.
doi:10.1161/HYPERTENSIONAHA.113.02264

MAGRAMA (2015) Report of food consumption in Spain 2014.
Madrid. http://www.magrama.gob.es/es/alimentacion/temas/con-
sumo-y-comercializacion-y-distribucion-alimentaria/informe-
consumoalimentacion2014_tcm7-382148.pdf. Accessed 9 Oct
2015

Varela G, Avila JM, Cuadrado MC, del Pozo S, Ruiz E, Moreiras
O (2008) Assessment of the Spanish diet according to the panel
of food consumption. MAGRAMA, Madrid. http://www.fen.org.
es/pdf/7120091910.pdf. Accessed 9 Oct 2015

Thomson BM (2009) Nutritional modelling: distributions of
salt intake from processed foods in New Zealand. Br J Nutr
102:757-765. doi:10.1017/S000711450928901X

Andersen L, Rasmussen LB, Larsen EH, Jakobsen J (2009)
Intake of household salt in a Danish population. Eur J Clin Nutr
63:598-604. doi:10.1038/ejcn.2008.18

Anderson CA, Appel LJ, Okuda N, Brown 1J, Chan Q, Zhao
L et al (2010) Dietary sources of sodium in China, Japan, the
United Kingdom, and the United States, women and men aged
40 to 59 years: the INTERMAP study. ] Am Diet Assoc 110:736—
745. doi:10.1016/j.jada.2010.02.007

Hulthén M, Aurell M, Klingberg L, Hallenberg E, Lor-
entzon M, Ohlsson C (2009) Salt intake in young Swed-
ish men. Public Health Nutr 13(5):601-605. doi:10.1017/
S1368980009991431

Cotter J, Cotter MJ, Oliveira P, Cunha P, Polénia J (2013) Salt
intake in children 10-12 years old and its modification by active
working practices in a school garden. J Hypertens 31:1966—
1971. doi:10.1097/HJH.0b013e328363572f

Shi L, Krupp D, Remer T (2014) Salt, fruit and vegetable con-
sumption and blood pressure development: a longitudinal inves-
tigation in healthy children. Br J Nutr 111:662-671. doi:10.1017/
S0007114513002961

Libuda L, Kersting M, Alexy U (2012) Consumption of dietary
salt measured by urinary sodium excretion and its association
with body weight status in healthy children and adolescents. Pub-
lic Health Nutr 15:433-441. doi:10.1017/S1368980011002138
Alexy U, Cheng G, Libuda L, Hilbig A, Kersting M (2012)
24 h-Sodium excretion and hydration status in children and ado-
lescents—results of the DONALD Study. Clin Nutr 31(1):78-84.
doi:10.1016/j.cInu.2011.08.014

Knuiman JT, Hautvast JG, Zwiauer KF, Widhalm K, Desmet M,
De Backer G, Rahneva RR, Petrova VS, Dahl M, Viikari J et al
(1988) Blood pressure and excretion of sodium, potassium, cal-
cium and magnesium in 8- and 9-year old boys from 19 Euro-
pean centres. Eur J Clin Nutr 42:847-855

Zhou BF, Stamler J, Dennos B, Moag-Stahlberg A, Okuda N,
Robertson C, Zhao L, Chan Q, Elliott P, INTERMAP Research
Group (2003) Nutrient intakes of middle-aged men and women
in China, Japan, United Kingdom, and United States in the late
1990s: the INTERMAP Study. J Hum Hipertens 17:623-630
Laatikainen T, Pietinen P, Valsta L, Sundvall J, Reinivuo H,
Tuomilehto J (2006) Sodium in the Finnish diet: 20-year trends

@ Springer


http://whqlibdoc.who.int/publications/2011/9789241501699_eng.pdf
http://whqlibdoc.who.int/publications/2011/9789241501699_eng.pdf
http://dx.doi.org/10.1186/1475-2891-11-94
http://www.fundacionorbegozo.com/wp-content/uploads/pdf/estudios_2011.pdf
http://www.fundacionorbegozo.com/wp-content/uploads/pdf/estudios_2011.pdf
http://dx.doi.org/10.1161/HYPERTENSIONAHA.113.02264
http://www.magrama.gob.es/es/alimentacion/temas/consumo-y-comercializacion-y-distribucion-alimentaria/informeconsumoalimentacion2014_tcm7-382148.pdf
http://www.magrama.gob.es/es/alimentacion/temas/consumo-y-comercializacion-y-distribucion-alimentaria/informeconsumoalimentacion2014_tcm7-382148.pdf
http://www.magrama.gob.es/es/alimentacion/temas/consumo-y-comercializacion-y-distribucion-alimentaria/informeconsumoalimentacion2014_tcm7-382148.pdf
http://www.fen.org.es/pdf/7120091910.pdf
http://www.fen.org.es/pdf/7120091910.pdf
http://dx.doi.org/10.1017/S000711450928901X
http://dx.doi.org/10.1038/ejcn.2008.18
http://dx.doi.org/10.1016/j.jada.2010.02.007
http://dx.doi.org/10.1017/S1368980009991431
http://dx.doi.org/10.1017/S1368980009991431
http://dx.doi.org/10.1097/HJH.0b013e328363572f
http://dx.doi.org/10.1017/S0007114513002961
http://dx.doi.org/10.1017/S0007114513002961
http://dx.doi.org/10.1017/S1368980011002138
http://dx.doi.org/10.1016/j.clnu.2011.08.014

178

Eur J Nutr (2017) 56:171-178

47.

48.

49.

50.

in urinary sodium excretion among the adult population. Eur J
Clin Nutr 60:965-970

Liu L, Ikeda K, Yamori Y, WHO-CARDIAC Study Group (2002)
Inverse relationship between urinary markers of animal protein
intake and blood pressure in Chinese: results from the WHO
Cardiovascular Diseases and Alimentary Comparison (CAR-
DIAC) Study. Int J Epidemiol 31:227-233

He FJ, MacGregor GA (2006) Importance of salt in determin-
ing blood pressure in children: meta-analysis of controlled trials.
Hypertension 48:861-869

Lewington S, Clarke R, Qizilbash N, Peto R, Collins R, Collabo-
ration Prospective Studies (2002) Age-specific relevance of usual
blood pressure to vascular mortality: a meta-analysis of individ-
ual data for one million adults in 61 prospective studies. Lancet
360:1903-1913 (Erratum in: Lancet. 2003;361:1060)

He FJ, MacGregor GA (2010) Reducing population salt intake
worldwide: from evidence to implementation. Prog Cardiovasc
Dis 52:363-382. doi:10.1016/j.pcad.2009.12.006

@ Springer

51.

52.

53.

54.

55.

Taylor EN, Curhan GC (2006) Body size and 24-hour urine com-
position. Am J Kidney Dis 48:905-915

He FJ, Marrero NM, MacGregor GA (2008) Salt intake is
related to soft drink consumption in children and adolescents:
a link to obesity? Hypertension 51:629-634. doi:10.1161/
HYPERTENSIONAHA.107.100990

Navia B, Aparicio A, Perea JM, Pérez-Farin6s N, Villar-Villalba
C, Labrado E, Ortega RM (2014) Sodium intake may promote
weight gain; results of the FANPE study in a representative sam-
ple of the adult Spanish population. Nutr Hosp 29:1283-1289.
doi:10.3305/nh.2014.29.6.7361

Karppanen H, Mervaala E (2006) Sodium intake and hyperten-
sion. Prog Cardiovasc Dis 49:59-75

Fonseca-Alaniz MH, Brito LC, Borges-Silva CN, Takada J,
Andreotti S, Lima FB (2007) High dietary sodium intake
increases white adipose tissue mass and plasma leptin in rats.
Obesity (Silver Spring) 15:2200-2208


http://dx.doi.org/10.1016/j.pcad.2009.12.006
http://dx.doi.org/10.1161/HYPERTENSIONAHA.107.100990
http://dx.doi.org/10.1161/HYPERTENSIONAHA.107.100990
http://dx.doi.org/10.3305/nh.2014.29.6.7361

	Estimation of salt intake assessed by urinary excretion of sodium over 24 h in Spanish subjects aged 7–11 years
	Abstract 
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Subjects and methods
	Recruitment of subjects
	Methods
	Health variables
	Anthropometric data
	Urine testing

	Statistical analysis

	Results
	Discussion
	Strengths and limitations of the study

	Conclusions
	Acknowledgments 
	References




