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The purpose of the study was to assess the sodium and potassium intake among Hungarian children and adolescents.
The study was undertaken to estimate daily sodium and potassium intake by measuring 24-h urinary electrolyte
excretion rate in 200 Hungarian children (age 1-18 years). Daily sodium and potassium intake positively correlated
with age, body mass index, and systolic blood pressure. As a result of the parallel trend and time course of urinary
sodium and potassium excretion the sodium to potassium ratio, the important risk factor for essential hypertension
remained practically unchanged with age. We did not find a significant difference in this ratio between hypertensive
and normotensive, or obese and non-obese children. Sodium and potassium intake expressed per kilogram body
weight decreased steadily with age, but there was no significant difference between boys and girls. When adjustment
was made for age and body mass index, using multivariate regression analysis, the systolic blood pressure proved to
be independent of urinary sodium excretion and daily potassium intake. Compared with Dietary Reference Intake
values, the present study demonstrates that, on average, Hungarian children and adolescents have a diet rich in
sodium, and poor in potassium, although during the last 20 years a favourable trend can be detected.
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High salt intake has a strong association with greater risk of hypertension, stroke, and other
cardiovascular diseases (STrazzuLo et al., 2009). The prevalence of cardiovascular morbidity
and mortality is excessively high in Hungary. When compared to other countries of the
European Union, mortality due to hypertension, arteriosclerosis, and related diseases is twice
as high as the European average, and accounts for 48.9% of overall mortality (D.M.D.B.,
2011). Primary hypertension has been shown to be the result of genetic and multiple
environmental factors and among the latter dietary salt intake has been claimed to play a
prominent role (FronricH, 2007). Moreover, reduction in dietary sodium intake has been
proved to lower blood pressure both in normotensive subjects and in patients with hypertension
(Sacks et al., 2001; KesteLooT et al., 2011). It is of further note that the effects of dietary
sodium intake on blood pressure elevation can be attenuated or enhanced by a diet high or
low in potassium, respectively (Sacks et al., 2001). As several studies have suggested, the
sodium to potassium ratio represents a more important risk factor for hypertension and
cardiovascular disease than each factor alone (YANG et al., 2011).

Convincing evidence indicates that adult primary hypertension may originate in
childhood, and that salt preference later in life may be influenced by salt intake in infancy and
childhood (SHirazxI et al., 2007; Brion et al., 2008). Infancy and early childhood has been
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shown to be an especially sensitive period concerning the effect of sodium intake on blood
pressure (GELEUNSE et al., 1997; Brion et al., 2008). Studies in children have also shown that
lowering salt intake induced a significant reduction in blood pressure (ELLisoN et al., 1989;
YaNG et al., 2012). While it seems clear that sodium impacts blood pressure in children, its
effects may be enhanced by other factors including obesity and increasing age (HANEVOLD,
2013).

The Hungarian children and adolescents are consuming much more than the
recommended amount of sodium. A survey of the 2005-2006-school year in the Hungarian
capital, Budapest, shows that the average salt intake of elementary and middle school boys
and girls is about 2.5 times of the recommended value (BIrO et al., 2007). According to a
study of Hungarian 3—5-year-old children in 2009, the daily salt content of the food provided
by food caterers in kindergartens adds up to 6.9+£1.9 grams (range: 3,8—-11,0 grams/die)
(MarToOS, 2010).

Limited data are available on sodium and potassium intake in children estimated by 24-
hour excretion in urine (KRISTBJORNSDOTTIR et al., 2012). However, measurement of electrolyte
excretion in 24-hour urine is regarded as a gold standard, for defining daily sodium and
potassium intake (REm1vuo et al., 2006).

In the present study, an attempt was made to compare sodium and potassium intake with
the most detailed and age-specific Dietary Reference Intakes (DRI) (USDA, 2009), to assess
the relationship between the intake of these electrolytes and blood pressure with or without
adjustment for age, gender, and body mass index (BMI), to detect possible changes in
electrolyte consumption, and to compare the current results with the data from a previous
study, undertaken in the same hospital, in 1990 (GYORKE, 1990).

1. Materials and methods

Two hundred children (100 girls and 100 boys), between ages of 1 and 18 years, were enrolled
in the study. The children were admitted to the County Children’s Hospital in Pécs, from
South-West Hungary, between November 2008 and January 2010. The reason for admission
was elective surgery and / or routine clinical examination. Neither of them had clinical or
laboratory evidence of renal, cardiac, or endocrine diseases, secondary hypertension, or
disturbances of electrolyte and acid-base status. They consumed traditional Hungarian food,
without any dietary restriction. None were prescribed medication affecting renal function or
blood pressure prior to or during the study.

Anthropometric parameters were obtained by trained technicians using standard
methods (Gisson, 2005). Subjects wore one layer of undergarments and no shoes. Body
height was measured to the nearest 0.1 cm using a calibrated measuring instrument (Harpenden
Stadiometer, Crymych, United Kingdom), and body weight was measured to the nearest
0.1 kg using a validated electronic scale (Seca 899, Birmingham, United Kingdom). BMI
was calculated as body weight in kilograms, divided by height in meters squared (kg m™).
Children were considered to be obese when their BMI exceeded the 95 percentile value of
age and gender matched controls (JOUBERT et al., 2006). Blood pressure (BP) was measured
on the left arm after a rest period of 5 min. Three measurements were undertaken by well-
trained personnel using an automatic oscillometric device (Omron MX3, Omron Matsusaka,
Japan), with appropriate cuffs for the upper arm size of the patients. Mean values of systolic
and diastolic BP were calculated from these three measurements. The child was considered
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hypertensive when his systolic and/or diastolic BP exceeded the 95 percentile for age, gender,
and height percentiles matched controls (N.H.B.P.E.P., 2004).

We assumed that a single 24-h urine collection would provide a reliable estimate of
daily sodium and potassium intake (Remivuo et al., 2006). Timed urine samples were obtained
over a 24-h period, after discarding urine voided immediately before the collection period.
The toddlers, who were still in diapers, received special collection bags, with an adhesive at
one end. The collected urine was kept at 4 degrees Celsius until used. Urine collection was
regarded adequate with urine production of 1 to 3 ml kg! h™!. The sodium and potassium
concentrations of native urine were measured by ion selective electrodes (Cobas Integra 400
Chemistry Analyzer, Roche, Basel, Switzerland). Under constant circumstances 24-h urinary
excretion of sodium was considered to be equivalent to daily sodium intake (OVESEN &
BoEING, 2002), whereas according to a recent recommendation (Tasevska et al., 2006), daily
potassium intake was calculated accepting that urinary potassium excretion amounts to only
77% of dietary intake. In our paper this corrected potassium value is used. Based on the
laboratory results, we calculated sodium and potassium intake, sodium and potassium
excretion per kilogram (kg) body weight, and sodium to potassium ratio in every age group.
To ease the comparison of the values from children with different ages and body weights, it
might be convenient to use the per kg approach (KRrISTBIORNSDOTTIR et al., 2012).

The study, completed in 1990, was undertaken to estimate daily sodium intake by
measuring urinary electrolyte excretion in 203 healthy Hungarian children, ages 0—17 years
(GYORKE, 1990). The urine was collected over a 24-h period. The electrolyte concentration of
native urine was measured by flame photometry (FLAPHO-4, Carl Zeiss, Jena, Germany).
We compared the corrected sodium and potassium intake and sodium to potassium ratio
measured in 2008-2010 to those of 1990.

Statistical analysis was prepared with SPSS v. 16 statistical computer software. For
statistical evaluation Student’s unpaired t-test, linear regression analysis, and when
adjustments for confounding variables so required, multivariate regression analysis were
used. Data were expressed as mean+SD. P values <0.05 were considered statistically
significant.

For 24-h urine collection, informed parental consent and approval from the Institutional
Ethics Committee were obtained.

2. Results and discussion

Among the 200 Hungarian children we found 32 hypertensive (16%) and 42 obese (21%)
patients. The detailed characteristics of the sample are shown in the Table 1.

Table 1. Characteristics of the sample by age group (BMI, systolic and diastolic blood pressure)

Age groups Number of cases BMI (kg m?) SBP (Hgmm) DBP (Hgmm)
(years) mean+SD mean+SD mean+SD
1-3 7 14.6+1.0 98.0+7.7 64.6+3.1
4-8 77 16.1+£2.9 104.8+9.0 64.7+6.4
9-13 62 20.9£5.0 117.6£11.1 71.548.1
14-18 54 24.4+5.7 127.3+12.5 72.5£7.5
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The daily sodium intake was found to have significant positive correlation with age,
BMI, and systolic blood pressure (Fig. 1).
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Fig. 1A. Daily sodium intake with advancing age (n: 200, 1>=0.252, 95% CI: 6.355 to 10.37, P<0.0001).
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Fig. 1B. Linear regression analysis of daily sodium intake and body mass index
(n: 200, r?=0.236, 95% CI: 3.735 to 6.244, P<0.0001).
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Fig. 1C. Correlation between daily sodium intake and systolic blood pressure in the total study population
(n: 200, 1’=0.204, 95% CI: 1.446 to 2.543, P<0.0001).

Similarly, potassium intake positively correlated with age, BMI, and systolic blood

pressure (Fig. 2).
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Fig. 2A. Positive correlation between daily potassium intake and age
(n: 200, 1?=0.147, 95% CI: 1.435 to 2.881, P<0.0001).
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Fig. 2B. Linear regression analysis of daily potassium intake and BMI
(n: 200, r?=0.199, 95% CI: 1.124 to 1.994, P<0.0001).
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Fig. 2C. Correlation between daily potassium intake and systolic blood pressure in the total population studied
(n: 200, r*=0.165, 95% CI: 1.325 to 2.446, P<0.0001).

The mean value of sodium intake increased steadily with age. These sodium intakes
considerably exceeded the Adequate Intakes (Al) in each group above 4 years of age. Al may
be used as a goal for individual intake, and it is believed to cover the need of individuals of
those age groups. The maximum level of daily sodium intake that is likely to pose no risk of
adverse effects is about 150% of Al (USDA, 2009). Between 1990 and 2010, the sodium
intake increased about 25% between 1-8 years, but did not change in the 9-18 year age group
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(Table 2). The potassium intake was only a third of the Al among 1-8 year old children, and
only about 40% of the Al among 9—18 year olds. Over the last 20 years, the potassium intake
increased about 250% in 1-3 year olds, about 200% in 4—13 year olds, and about 150% in
14—18 year olds (Table 2).

Table 2. Comparison of the daily sodium and potassium intake of Hungarian children and adolescents with
recommended values

Nutrient Age groups Adequate Intakes Daily intake of 1990  Daily intake of 2010
(years) (mmol/die) (mmol/die) (mmol/die)
[mg/die]
Sodium 1-3 44 43.7422.6 54.0+28.0
[1000]
4-8 52 72.5+28.4 89.5+53.8
[1200]
9-13 65 125.2+43.1 129.0+£51.9
[1500]
14-18 65 164.7£74.7 165.4+84.2
[1500]
Potassium 1-3 77 9.5+4.7 24.1£15.3
[3000]
4-8 97 18.5+8.4 33.0+£21.5
[3800]
9-13 115 29.9+11.2 44.9+22.1
[4500]
14-18 121 37.9421.2 53.4+23.7
[4700]

The daily sodium and potassium intakes (corrected for 24-h urine excretion) are expressed as mean and SD in the
different age groups. The reference values (Adequate Intakes) are adapted from the DRI reports (1 mmol sodium=23
mg sodium, 1 mmol potassium=39 mg potassium).

Daily sodium excretion expressed per kg body weight decreased progressively with age
(r’=0.102, P<0.0001), and no discernible difference could be detected between girls
(mean+SD: 3.0+1.5 mmol/kg/die) and boys (mean+tSD: 3.3+2.2 mmol/kg/die) (P=0.22).
Daily potassium intake expressed per kg body weight also declined steadily with age
(r’=0.169, P<0.0001) (Fig. 3), and there was no significant difference between girls
(mean+SD: 1.1+0.7 mmol/kg/die) and boys (mean+SD: 1.2+0.8 mmol/kg/die) (P=0.88).
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Fig. 3A. Linear regression analysis of daily sodium intake expressed per kg body weight and age
(n: 200, r’=0.102, 95% CI: —0.201 to —0.083, P<0.0001).
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Fig. 3B. Correlation between daily potassium intake expressed per kg body weight and age
(n: 200, ’=0.169, 95% CI: —0.093 to —0.049, P<0.0001).

As a result of the parallel trend and time course of urinary sodium and potassium
excretion, the sodium to potassium ratio remained practically unchanged and amounted to a
value as high as 3.2+1.6 mmol/mmol over the age range studied. This ratio exceeded three
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times the recommended 1:1 value, but it proved to be only 20—40% of the value we found in
1990 (Table 3). We did not find significant differences in the sodium to potassium ratios
between hypertensive and normotensive, or obese and non-obese children (Fig. 4).

Table 3. The comparison of the sodium to potassium ratio measured in 2008-2010, to those of 1990

Years of the study Age groups (years) Number of cases Sodium to potassium
ratio (mmol/mmol)
mean+SD
1990 1-3 21 4.6+1.3
4-8 57 3.9+1.1
9-13 53 4.2+1.2
14-18 48 4.3+1.0
2008-2010 1-3 7 2.9+1.6
4-8 77 3.2+1.3
9-13 62 3.2+0.9
14-18 54 3.3£1.0
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Fig. 4. Difference of sodium to potassium ratio in normotensive and hypertensive
(mean+SD: 3.2+1.6 mmol/mmol and 3.1+1.3 mmol/mmol, n.s.), or non—obese and obese children
(mean+SD: 3.2+1.7 and 3.1£1.4 mmol/mmol, n.s.).

When adjustment was made for BMI, gender, and age, using multivariate regression
analysis, the systolic blood pressure proved to be independent of urinary sodium excretion
and of daily potassium intake.

The present study shows that unselected Hungarian children and adolescents between
1-18 years of age, on a traditional Hungarian diet, had much higher daily sodium intake and
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lower daily potassium intake than the AI. On the one hand, this could be explained by the
high salt content of processed food and cafeteria meals (Martos, 2010), and on the other
hand, by the low fruit and vegetable consumption of children in Hungary.

The strength of the study is that the scope of the data compared covers 20 years.
Comparing the results from 1990 with our latest data, we can say that a positive tendency can
be detected, as sodium intake remained practically unchanged and potassium intake showed
a significant increase. Due to these trends the sodium to potassium ratio, the most important
risk factor for hypertension decreased in the last 20 years. The major limitation of our study
is the small sample size. It is to be stressed, however, that high sodium intake in childhood
and adolescence may have long-term impact on the establishment of salt preference, and on
the development of hypertension and related diseases later in life.

3. Conclusions

Our study demonstrated that Hungarian children and adolescents have unfavourable sodium
to potassium ratio in their diet. Therefore, we must join the global efforts to implement
prevention programs advising low sodium — high potassium diet at as early an age as possible.
Such programs are likely to reduce the level of blood pressure (ELLISON et al., 1989; YANG et
al., 2012), the incremental rise in blood pressure with age, and the prevalence of hypertension
and related morbidity and mortality later in life.

We thank S. JeGes and Z. NyuL, who helped in the statistical analysis of data, and A. SoLyom, who made grammatical
revision.
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