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Background. Sodium (Na) and potassium (K), the essential nutrients, have vital role in promoting cellular growth including
growth and development of children. Excessive Na intake and inadequate K consumption, which consequently increases the risk
of cardiovascular disease, have been reported. Spot electrolyte urine was highly correlated and validated with gold standard to
estimate electrolyte dietary intake. &is study aimed at predicting sodium and potassium intake using morning spot urine among
Indonesian schoolchildren.Methods. A cross-sectional study was carried out in 155 healthy elementary students aged 9–12 years.
Spot urine samples were collected and analyzed for Na, K, and creatinine. Predicted 24 h Na and K excretions were compared to
the Indonesian recommendation dietary allowances. &e Na and K contribution from school food was reported by observing
directly and the dietary recall method. Results. A total of 80 boys and 75 girls recruited as samples in this study demonstrated that
their estimated urinary Na and K were 105.42± 66.05mmol/day and 16.39± 12.57mmol/day, respectively. Na intake was on
average higher than recommended; meanwhile, almost all subjects showed very low compliance of K intake recommendation.
Furthermore, food intake at school contributed to those conditions. Na and K content of school food contributed 33% and 29% of
the daily intake of each nutrient and contributed 125% and 25% higher than the Na and K school standard, respectively.
Conclusions. Indonesian schoolchildren aged 9–12 years are categorized by excessive Na intake and very deficient K intake. &e
present study highlights the need for policies in the environmental school setting to reduce Na intake and K intake.

1. Introduction

Sodium (Na) and potassium (K) are two essential nutrients
having an important role in normal bodily functioning. Na
and K are two principal electrolytes in extracellular fluid and
intracellular fluid, respectively, which together have a vital
role in regulating body fluids, maintaining osmotic equi-
librium, stabilizing acid-base balance, determining mem-
brane potentials of smooth muscles and nerves, regulating
molecules to transport actively across cell membranes, and
promoting cellular growth [1]. It is widely known that

excessive sodium consumption and deficit of potassium
intake have an important role in the pathogenesis of hy-
pertension andmore strongly associated with blood pressure
than either Na or K alone [2, 3]. Furthermore, epidemiology
studies have revealed that high Na and low K intake alone
and together have risk for adverse health effects such as
cardiovascular diseases [4, 5], stroke [6], chronic kidney
disease [7], obesity [8], and all-cause mortality [9].

Population studies reported that most population
around the world consume less than the recommended
intake of K; however, unfavorably high Na intakes remain
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prevalent around the world. &e part played by these nu-
trients has been thoroughly studied in adults and children,
but most studies have been concerned with adults [10, 11].
&e studies on the effect of Na and K directly on children
were few; a previous study reported that Na and K were
associated with hypertension and obesity among children
[12]. A prospective study showed people with excess salt
intake and hypertension at an early age are more likely to
develop hypertension, cardiovascular disease, and stroke in
the future [13].

Since dietary habits established in childhood can gen-
erally be tracked into adulthood and the risk of many
noncommunicable diseases is closely related with dietary
intakes, concerning dietary habits at early age is very crucial
to prevent future diseases and increase beneficial effects on
human health [13, 14]. Recent studies described unhealthy
dietary intakes are common among children; it was related
to low nutrition knowledge, preference, and bad dietary
habits in children [15, 16]. &e nutrients, for instance, Na
and K intake, are closely related with dietary habits in
children. Sodium is mostly used in the form of sodium
chloride (salt), and it is the widely used ingredient in the
processed food. &e addition of salt to food will improve the
flavor, which also increases saltiness and suppresses bit-
terness. A previous study revealed that children prefer
higher salt taste than adults do and the addition of salt to
foods increases children’s consumption of those foods and
causes excessive sodium consumption [17]. On the other
hand, deficit potassium intakes in children have been re-
ported by several researchers from many countries. Al-
though diets containing abundant fruits and vegetables are
potassium rich, it was known that children consume fruits
and vegetables less than 20% of recommended [18].

Twenty-four-hour urine collection is gold standard to
assess dietary Na and K; however, this method is difficult to
perform and not convenient in studies involving children
[19]. Spot urine Na and K are well documented and proven
accurately in predicting 24 h urinary Na and K levels among
adults and children [20, 21]. In Indonesia, most studies
assessing Na and K intake were performed with dietary
assessment methods; no data were available for obtaining
these nutrients in children by urinary excretion. Since di-
etary Na and K can be a useful marker and predictor of
dietary quality related to human health and because of
limited scientific data supporting, it is important to examine
Na and K intake among young population.

&erefore, the study aimed at assessing and evaluating
urinary Na and K using morning spot urine among Indo-
nesian subjects aged 9–12 years with the focus on evaluating
dietary Na and K in children on the day of the school since
schoolchildren spent one-third of their time at the school.

2. Materials and Methods

&is cross-sectional study, which was conducted between
April and October 2018, enrolled the students from ele-
mentary school (9- to 12-year-olds) in Indonesia. We
studied 155 Indonesian subjects from the school at Surabaya,
one of the metropolitan areas in Indonesia. To accomplish

this project, children attending the 4th and 5th grade were
recruited as subjects in this study after getting permission
from the headmaster. Prior to data collection, all students
had been explained and given written information about
informed consent on the project, and then it had been
granted to children to get parental permission and signature;
thus, written consent was obtained from the child, as well as
the child’s parent. Informed consent was arranged in ac-
cordance with the ethical standards laid down in the Dec-
laration of Helsinki, and the Ethical Committee of Faculty of
Public Health, Universitas Airlangga, approved the protocol
of this study with the ethical number 446-KEPK.

2.1. Data Collection and Demographic Characteristics.
Data collection was done through structured interviews,
anthropometric measures, questionnaires, collection of spot
morning urine sample, and 2× 24 h dietary recall by trained
researchers. Sociodemographic characteristics, namely, age,
sex, class grade, and pocket money, were obtained by trained
researchers using a structured questionnaire. A research
team supported children to complete urine collection and to
collect anthropometric measures.

2.2. Anthropometric Measures. &e collection of anthropo-
metric data including height and weight was measured using
standard protocols (wearing light clothing, with shoes re-
moved) by trained researchers. Body weight measurement
was obtained by using an electronic scale (TANITA® TBF-
300A, capacity 200 kg, accuracy 100 g), and the height was
obtained using a stadiometer (capacity 200 cm, accuracy
1mmol). Body mass index (BMI) was computed as kg/m2.
Bodymass index (BMI) values were converted to age-adjusted
and sex-adjusted BMI z-scores and then it was plotted on the
WHO BMI-for-age growth charts and obtained a percentile
ranking, classifying children as underweight (less than the 3rd
percentile), normal weight (3rd to less than the 85th per-
centile), overweight (85th to less than the 97th percentile), or
obese (equal to or greater than the 97th percentile) [22].

2.3. Dietary Intake and School Food. A nutritionist inter-
viewed and recorded dietary energy andmacronutrient intake
of subjects by asking subjects to recall a two-day food intake
during a week of data collection. Participants were observed
twice at mealtime on the same day (weekday) of recalling food
intake. &e food items consumed on the day of the school
were recorded including home-packed lunch, school lunch
meal, and canteen foods. Portion and sizes of school food
were estimated using household measures. &e nutritionist
clarified the accuracy of data by clarifying menu, portion, and
size of the foods consumed by the subjects using food model
and Indonesian food book [22, 23]. &e contribution per-
centage of nutrient intake on the school food (energy, sodium,
and potassium) was calculated by dividing those dietary in-
takes while at the school by those daily intakes. &e re-
quirement percentage of nutrient intake on the school food
was obtained by dividing those dietary intakes while at school
by those based on school food standard.
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2.4. Urinary Sodium, Potassium, and Creatinine Excretion.
&e Na and K intake in this study was estimated based on
urinary Na and K excretion. &e day before urine collection,
all participants were given written and verbal instructions on
how to collect spot urine correctly. &e first urine of the day
was collected in the bottles provided by the researcher.&en,
the pupils brought the urine bottle to school and gave it to
the researcher team to be delivered at laboratory. Urinary Na
and K concentration was assessed by the indirect ion-
selective electrode method [24], whereas urinary creati-
nine was assessed using the Jaffe reaction [25].

2.5. Estimation of 24 h Sodium, Potassium, and Creatinine.
Analysis of urine was performed on the first morning
sample. Estimation of the daily urinary electrolyte excretion
to creatinine (Cr) ratio in spot urine samples was reported to
depend on the accuracy of predicting urinary 24 h Cr cal-
culated based on the data by Remer et al. [26]. Urinary Na/
Cr or K/Cr was calculated as follows: (urine Na or K in
mmol/L)/(urine creatinine in mg/dl)× 0.0883.

&e molecular weights of Na (23 g/mol) and K (39 g/mol)
were used to convert millimoles of Na and K, respectively, to
milligrams.&e results of urinary Na and K excretion data are
presented as mmol/day and mg/day as well as the salt
equivalent. Salt equivalents were calculated by dividing Na
concentration in mg by 390.

2.6. Statistical Analysis. Statistical analysis was conducted
using SPSS 21 (IBM SPSS), and two-sided p values less
than 0.05 were considered statistically significant. &e
Kolmogorov–Smirnov test was performed to test variables for
normality. Descriptive statistics were used to describe partic-
ipant characteristics. Continuous variables were summarized as
mean and standard deviation, and categorical variables were
presented as counts/numbers and percentages. Independent
samples t-test and the Mann–Whitney test were used to
identify sex differences for urinary electrolyte excretion. &e
one-way ANOVA test and post hoc test were used to analyze
factors contributing estimated Na and K intake.

3. Results

A cross-sectional study was performed between April
and October 2018. A total of 155 healthy primary students
(9–12 years) were randomly selected using a multistage
cluster sampling procedure from approximately 305 pupils
from the 4th and 5th grade at Surabaya elementary school in
Indonesia. A total of 80 boys and 75 girls were recruited as
samples in this study. From Table 1, it can be seen that the
average age was 10.15± 0.77 years and the mean body mass
index was 19.53± 4.4 kg/m2 with 23.9% of subjects catego-
rized as obese.&e median daily pocket money was Rp10000
with a mean of Rp11954.84± 5.197.83.

Table 2 demonstrates that all variables of urinary ex-
cretion were similar in boys and girls (p> 0.05). &e esti-
mated urinary Na or predicted Na intake was 105.42±
66.05mmol/day, equivalent to 6.17 g/d of salt. By contrast,
mean urinary K excretion was 16.39± 12.57mmol/day or

639.15± 490.04mg/d; the estimated average daily K intakes
for boys and girls were 17.37mmol and 15.34mmol, re-
spectively. Consequently, the mean of the Na/K ratio was
7.71± 4.02 (mmol) or 4.55± 2.37 (mg).

Seventy-four percent of children had Na consumption
higher than 1500mg/d, and 41.3% of subjects consumed Na
intake more than 2300mg/d. For estimated K intake, only
11.6% and 3.9% of the subjects consumed K intake higher
than 1000mg/d and 2000mg/d, respectively (Table 3).

&e data of dietary intake (energy, Na, and K) from the
dietarymethodwere presented asmean and standard deviation
in Table 4. It can be seen that the total energy intake of subjects
was 1896.55± 276.4 kcal/d, and 42.76% was obtained from the
food on the day at school. &e Na content of the school food
was 606.9± 218.9mg and contributed nearly one-third percent
from daily Na intake. On the contrary, the K content of the
school food contributed only 29.78% compared to daily intake,
and these intakes contribute only a quarter percent based on
nutritional school standard.

Table 5 gives a description of factors contributing esti-
mated Na and K intake. For Na intake, there were no sig-
nificant differences in age, amount of pocket money, and
energy in full day; however, BMI z-score and body weight
were significantly associated with estimated Na intake.
Furthermore, it is observed from the post hoc test that
compared to group 1 (<1500mg/d) energy of school food
was significantly higher in group 3 (2300mg/d) with p value
0.04. For K intake, the median value of 500mg/d was cat-
egorized as group 1 and higher than 1000mg/d as group 3.
As can be seen, BMI z-score, body weight, and energy of
school food correlated significantly with estimated K intake.

4. Discussion

Sodium (Na) and potassium (K) have been the main topics
in recent years since these nutrients have been closely related
to the risk of many noncommunicable diseases in adults and
children [9, 13]. Moreover, in the industrialized nations

Table 1: Baseline characteristics of the study participants (n � 155).

Variable Frequency or
mean± SD Percentage

Age (years) 10.15± 0.77
9-10 104 67.1
11-12 51 32.9

Gender
Boys 80 51.6
Girls 75 48.4

School grade
4th grade 96 62
5th grade 59 38

Body weight (kg) 39.84± 11.84
Body height (cm) 141.73± 7.6
BMI (kg/m2) 19.53± 4.4
Nutritional status (BMI z-score) 0.69± 1.64

Underweight 10 6.5
Normal weight 68 43.9
Overweight 40 25.8
Obesity 37 89.67

Pocket money (Rp) 11954.84± 5197.83
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where the majority intake comes from processed food and
commercially packaged foods, it is globally known that most
people have excessive Na (salt) consumption and deficit of K
intake. Recently, it was found that high Na (salt) and or low-
potassium diet become public health problem in the
worldwide [9–11].

Assessing dietary Na and K by using urinary excre-
tion had been performed in several countries including
Indonesia [27]. However, according to our best knowledge,
the present study is the first Indonesian study using urinary
electrolyte excretion to assess these nutrients in children
aged 9–12 years since there are no scientific data to explain
this condition in Indonesian children. Our study involved
children subjects aged 9–12 years at elementary school.
Assuming that children in that age can cooperate well and
answer clearly, they were asked to complete urine collection
by themselves and recall of food intake. &e previous studies
revealed the school children aged 9–12 years were catego-
rized as pre-early adolescents, and it is reasonably narrow
that they can think logically and be aware of and responsible
for their food choices [17, 28].

In our study, predicted 24 h Na excretions were assumed
to reflect 24 h Na intakes. &is study with a total of 80
boys and 75 girls recruited as samples demonstrated that
predicted Na intake was 105.42± 66.05mmol/day or

2424.77± 1519.09mg/d, equivalent to 6.17 g/d of salt. &ese
findings are similar to those observed by previous studies.
Service et al. [29] in 168 children aged 9–12 years reported
Na intake of approximately 110± 53 mmol/d; Grimes et al.
observed 103± 43 mmol/d [30] in 193 Australian subjects
aged 5–13 years, and 113± 3 mmol/d intake of Australian
salt and other nutrients was reported in the children
(SONIC) study among 383 children aged 9–12 years [31]. On
the other hand, several authors have reported higher intakes:
132.7± 51.4mmol/d reported by Aparicio et al. [32] in 205
Spanish children aged 7–11 years and the 129mmol/d
among boys and 117mmol/d among girls from Italian
children with a mean age of 10.1± 2.9 years [12]. Mean of
urinary Na intake less than 100 mmol/d was reported in the
previous studies. 96.57± 61.67 mmol/d was reported by El
Mallah et al. among 1403 Lebanese children aged 6–10 years
[34]. 97.19 mmol/day among Moroccan children aged 6–18
years [35] and 80.7± 3.4 mmol/d in 111 British (South
London) subjects aged 8–9 years were observed by Marrero
et al. [36], and the median of 94.4 and 95.0 mmol/24h was
demonstrated by Libuda et al. [37] in a group of German
boys and girls aged 10–13 years, respectively. Although the
intake was lower than that in our findings, it is still higher
than maximum RDA. Consequently, Na intake is still a
public health problem worldwide [11].

Table 2: Predicted 24 h urinary Na and K by spot urine excretion stratified by gender.

Variable Total (n � 155) Boys (n � 80) Girls (n � 75) p
Urinary Na/Cr (mmol) 18.16± 11.69 17.96± 10.01 18.36± 13.31 0.833
Urinary K/Cr (mmol) 2.77± 1.99 2.81± 1.98 2.73± 1.98 0.784
P24 h Na (mmol/d) 105.42± 66.05 105.72± 50.75 105.11± 79.55 0.406
P24 h Na (mg/d) 2424.77± 1519.09 2431.5± 1167.15 2417.58± 1829.75
P24 h K (mmol/d) 16.39± 12.57 17.37± 13.44 15.34± 11.55 0.764
P24 h K (mg/d) 639.15± 490.04 677.49± 524.32 598.25± 450.52
Urinary Na/K (mmol) 7.71± 4.02 7.84± 4.48 7.57± 3.48 0.963
Urinary Na/K (mg) 4.55± 2.37 4.63± 2.64 4.47± 2.05

Table 3: Estimated/predicted Na and K intake and percentage based on Indonesian RDA (%).

Na intake Total (155), n (%) Boys (80), n (%) Girls (75), n (%)
Estimated Na intake
<1500mg/d 40 (25.8) 16 (20) 24 (32)
1500–2300mg/d 51 (32.9) 30 (37.5) 21 (28)
>2300mg/d 64 (41.3) 34 (42.5) 30 (40)

Estimated K intake
<1000mg 137 (88.4) 66 (82.5) 71 (94.7)
1000–2000mg 12 (7.7) 9 (11.2) 3 (4)
>2000mg 6 (3.9) 5 (6.3) 1 (1.3)
≥4500mg 0 0 0

Table 4: &e contribution of school food to Na and K daily intake and school standard.

Variable Full-day food,
mean± SD

School food,
mean± SD

Percentage of school food
compared to daily intake

Percentage of school food
compared to nutritional school standard

Energy (kcal) 1896.55± 276.4 810.9± 98.14 42.76 128.7
Sodium (mg) 1820.93± 994.06 606.9± 218.9 33.33 124.8
Potassium (mg) 1319.82± 906.07 393.12± 250.9 29.78 24.96
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Assuming that the Na eliminated in urine arose from the
diet, the Na intake in our study was classified as high
(161.65%) compared to Indonesian RDA for children aged
9–12 years (1500mg/d) [36]. Moreover, 80% of the boys and
68% of the girls had Na consumption higher than the
recommended age-specific standard dietary target. &e In-
stitute of Medicine (IOM) has suggested a recommended
upper Na intake amount of 2300mg/d (100mmol/d) [1]. In
our findings, 41.3% of subjects had Na intake higher than the
WHO recommended and 74.2% of children had Na intake
higher than the Indonesian recommended age-specific
standard dietary target (1500mg/d). &ese data are com-
parable to findings from other studies that revealed the same
trends that daily Na intake is still high. A review of pop-
ulation study about salt intake around the world describes
most populations including children have mean Na intakes
higher than 100mmol/d and these intakes increase with age
[11]. Further analysis showed the Na content of the school
food was 606.9± 218.9mg/d. Although it contributed nearly
one-third from daily Na intake, the intake exceeded maxi-
mum of 30% of school food recommendation (124.8%). &e
main food sources of Na intake in our study are sweet
beverage (74.5%), biscuits (42.55%), crackers (35.5%), and
breads (21.28%) (data not shown). &ese findings are similar
with those of previous studies in children from Germany
[35], US [37], and Australia [31].

To further understand about high Na intake concern in
the school environment, we analyzed factors contributing the
nutrient including the role of pocket money. Since food
source rich in Na was categorized as unhealthy food and
previous studies revealed pocket money is a risk factor for
unhealthy eating [38, 39], this study found no association of
pocket money with Na intake. Although majority of food
sources with Na intake was categorized as unhealthy food and
previous studies showed pocket money is a risk factor for
unhealthy eating [41, 42], this study found no association of
pocket money with Na intake. When analyzing school food,
we included all foods consumed by children while at school.
Furthermore, in this study, pupils had many access choices to
get food at school. &ose sources were from pocket money,
home-packed lunch, and joined at school meals. Hence,
pocket money does not always reflect the nutritional content
of food intake by pupils. &e school lunch program applied in
this school might give a clear explanation. &is finding is
supported by Li et al.’s [38] study that the association of
pocket money with unhealthy food consumption was smaller
in schools with restrictions on unhealthy food.

In contrast to Na intake, average daily K intake from
urinary analysis in the present study was 16.39 ±
12.57mmol/d equivalent to 639.15± 490.04mg/d. Only
11.6% and 3.9% of the subjects consumed K intake higher
than 1000mg/d and 2000mg/d, respectively. Conse-
quently, our analysis indicates that almost all subjects
had K intake lower than 1000mg/d. Furthermore, based on
adequate intake, that is, 4500mg·K/day [1, 40], we did not
find any pupils above this level of intake. It is important to
note that all subjects had K intake lower than the Indo-
nesian RDA for children aged 9–12 years. Moreover, it is
somewhat surprising that urinary K in this study is the

lowest than that among children in all previous studies.
Other authors have reported higher K intakes than those in
our study. A potassium intake of 46.6 ± 23.02mg/d was
reported in Lebanese subjects [21], Grimes et al. [31] in the
SONIC study recorded 54 ± 2mg/dl, and Oliveira et al. [40]
reported an average of 43mmol/d on 8% of children who
met theWHO recommendation for K intake. However, our
finding is similar to that of two previous studies demon-
strating mean K intake in children was approximately
1000mg/d; Kristbjornsdottir et al. [41] showed an average
of 1210 mg/d (31 mmol/d) for subjects aged 6 years. A daily
K intake of 1000 mg/d (25.64 mmol/d) was reported by
Allison et al. [42] in studied children aged 3–5 years.
Allison and Walker [42] reported a daily K intake of
1000mg/d (25.64mmol/d) in children aged 3–5 years.
Based on the WHO suggestion that the recommended K
intake is at least 3510mg/d, our results showed only one
subject who met the WHO recommendation for K intake.
Moreover, K intake while at school in our study contrib-
uted nearly 30% of total daily intake. &us, our study in-
dicates that almost all children failed to meet the
recommended daily K intake.

It is well known that major food sources of K are fruits
and vegetables (FV). Really, it is not surprising that K intake
in our study is of very low compliance since Indonesian
people consume very low fruits and vegetables. &is is
confirmed by the fact from recent data of Indonesian
National Health Survey 2018 that the lack of fruits and
vegetables consumption among children more than 5 years
increases from 93.5% at 2013 and becomes 95.5% at 2018
[43]. According to the data of Individual Food Consumption
Survey 2014, the average consumption of fruits and vege-
tables of the Indonesian population was 108.8 g/d, which is
much lower than that of the World Health Organization
(400 g/d); those consumptions were only 81.9 g/d of children
aged 5–12 years [44]. &e previous studies revealed factors
contributing to low fruit and vegetable consumption among
children, such as preference, availability/access, and pocket
money [45–47].

&e preference of FV among students can be analyzed by
observing plate waste of lunch meals. Based on observation of
their packed lunch and school meals, vegetable is the major
food waste, almost all children waste more than 75% of
vegetables. &e present findings, like those from several
population studies, demonstrated that elementary school
students wasted a significant amount of these foods; it might
indicate that they did not like vegetable items in the menu
[45, 46]. Furthermore, the children’s preference for FV can be
known from observing their home-packed lunch menus. &e
analysis of home-packed lunch in this study showed that only
4.6% and 15.7% of subjects brought fruits and vegetables,
respectively, in the lunch box. Generally, the lunch box was
prepared by mothers; however, we did not ask directly about
preference of these foods from neither mother nor children,
but it might be explained by the previous study that habitual
intake of children was mostly influenced by parents’
(mother’s) food preference [47]. Another factor causing low
intake of FV in this study is the limitedness of healthy food in
canteen. Observing school canteen, we found that FV items in
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the menu were very limitedly available at the school canteen.
&is finding is similar to that of Gabriel et al.’s study that many
canteens offered menus of low nutritional value and the items,
which were least likely available, were fruits [48]. Related to
pocket money, there is no association between pocket money
and potassium intake, although we found that they spent their
pocket money mostly for buying some sweets, beverages,
biscuits, and breads since fruit and vegetable items in themenu
were very limitedly available at the school canteen. Finally, in
this finding, urinary Na and K correlated significantly
(r � 0.412, p< 0.001), and both were associated with energy
of school food and correlated with nutritional status (Table 5).
&erefore, it is obvious to consider that the nutritional content
of school food is very important since it can contribute to
nutritional and health status among schoolchildren.

&e limitation of this study is the dietary method used
for assessing Na and K intake. Often, dietary Na and K were
underestimated or overestimated [19]. Our study reported
that potassium intake from recall data was much higher than
that of urinary K excretion. Perhaps, these results could be
explained by overestimated recorded dietary K because of the
foodwaste and estimationmethod. It suggests the weakness of
our study is that we estimated using household measures of
school food rather than food-weighing methods. Conversely,
sodium intake from recall data showed underestimation; it
was lower than that of urinary Na excretion. A similar finding
was also described in studies on Indonesian older women that
Na intake from the dietary method was less than that in urine;
on the other hand, K intake from the dietary method was
greater than that in urine [27]. Another paucity of this study is
that we applied spot urines rather than 24 h urinary excretion,
although these methods have been validated and performed
by a previous study [21].

To the best of our knowledge, this is the first study
supplying data on urinary Na and K excretion in Indonesian
schoolchildren. In Indonesia, urine has been previously used
to assess these nutrients but limited on adults [27], and it has
not been yet used especially in children. Focus on school food
related to dietary Na and K is still rarely studied by other
studies. By evaluating the Na and K component of school
foods, we confirmed the importance of these nutrients on the
population level particularly to meet nutrient-based standard
among schoolchildren. Future research should examine the
direct impact of these nutrients on adverse health effects of
children such as obesity and hypertension. Furthermore,
more studies evaluating all factors that cause excessive Na and
deficient K intakes among schoolchildren are needed to
support the present findings. Finally, the most important
thing is making comprehensive strategies to get healthy diet
for children; hence, it is urgent to encourage environmental
school setting to get the best way for improving the nutritional
intake in schoolchildren by educating pupils, providing
healthy school foods such as fruits and vegetables, and of
course creating supporting policies.

5. Conclusion

In summary, the study reports that the Indonesian
schoolchildren aged 9–12 years are categorized by excessive

Na intake and very deficient K intake. Since school food has
a great contribution to cause this condition, it is vital to
encourage the environmental school setting to perform the
best way for improving the nutritional intake, particularly
Na and K intake among schoolchildren.
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[2] Adrogué, H. J. and N. E. Madias, Sodium and potassium in the
pathogenesis of hypertension,” New England Journal of
Medicine, vol. 356, no. 19, pp. 1966–1978, 2007.

[3] V. Perez and E. T. Chang, “Sodium-to-potassium ratio and
blood pressure, hypertension, and related factors,” Advances
in Nutrition, vol. 5, no. 6, pp. 712–741, 2014.

[4] N. R. Cook, E. Obarzanek, J. A. Cutler et al., “Joint effects of
sodium and potassium intake on subsequent cardiovascular
disease,” Archives of Internal Medicine, vol. 169, no. 1,
pp. 32–40, 2009.

[5] S. Jung, M. K. Kim, J. Shin et al., “High sodium intake and
sodium to potassium ratio may be linked to subsequent in-
crease in vascular damage in adults aged 40 years and older:
the Korean multi-rural commolunities cohort (MRCohort),”
European Journal of Nutrition, vol. 57, pp. 1–13, 2018.

[6] A. Jayedi, F. Ghomashi, M. S. Zargar, and S. Shab-Bidar,
“Dietary sodium, sodium-to-potassium ratio, and risk of
stroke: a systematic review and nonlinear dose-response
meta-analysis,” Clinical Nutrition, vol. 37, 2018.

[7] P. Mirmiran, P. Nazeri, Z. Bahadoran, S. Khalili-Moghadam,
and F. Azizi, “Dietary sodium to potassium ratio and the
incidence of chronic kidney disease in adults: a longitudinal
follow-up study,” Preventive Nutrition and Food Science,
vol. 23, no. 2, pp. 87–93, 2018.

[8] N. Jain, A. T. Minhajuddin, I. J. Neeland, E. F. Elsayed,
G. L. Vega, and S. S. Hedayati, “Association of urinary

Journal of Nutrition and Metabolism 7



sodium-to-potassium ratio with obesity in a multiethnic
cohort,” American Journal of Clinical Nutrition, vol. 99, no. 5,
pp. 992–998, 2014.

[9] Q. Yang, T. Liu, E. V. Kuklina et al., “Sodium and potassium
intake and mortality among US adults,” Archives of Internal
Medicine, vol. 171, no. 13, pp. 1183–1191, 2011.

[10] J. M. Geleijnse, Sodium, Potassium, and Blood Pressure Studies
in the Young and the Old, Haveka B. V., Alblasserdam,
Netherlands, 1996.

[11] I. J. Brown, I. Tzoulaki, V. Candeias, and P. Elliott, “Salt
intakes around the world: implications for public health,”
International Journal of Epidemiology, vol. 38, no. 3,
pp. 791–813, 2009.

[12] A. Campanozzi, S. Avallone, A. Barbato et al., “High sodium
and low potassium intake among Italian children: relationship
with age, body mass and blood pressure,” PLoS One, vol. 10,
no. 4, Article ID e0121183, 2015.

[13] P. Strazzullo, L. D’Elia, N. B. Kandala, and F. P. Cappuccio,
“Salt intake, stroke and cardiovascular disease: meta-analysis
of prospective studies,” BMJ, vol. 339, no. 1, p. b4567, 2009.

[14] C. Kelley, D. Krummel, E. N. Gonzales, W. A. Neal, and
C. W. Fitch, “Dietary intake of children at high risk for
cardiovascular disease,” Journal of the American Dietetic
Association, vol. 104, no. 2, pp. 222–225, 2004.

[15] L. Lauria, A. Spinelli, G. Cairella, L. Censi, P. Nardone, and
M. Buoncristiano, “Dietary habits among children aged
8-9 years in Italy,” Annali dell’Istituto Superiore di Sanità,
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