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Abstract
Background and aims: Fluid requirements of children vary as a function of gender and age. To our knowledge, 

there is very little literature on the hydration status of Italian children. We assessed morning hydration status in a large 
sample of 515 Italian school children aged 9 to 11 years. 

Methods: Recruited children completed a questionnaire on fluid and food intake at breakfast and collected a urine 
sample the very same day after breakfast. Breakfast food and fluid nutritional composition was analysed and urine 
osmolality was measured using a cryoscopic osmometer.

Results: More than two thirds of the children had urine osmolality above 800 mOsmol/kg while 35.0% had urine 
osmolality over 1000 mOsmol/kg. This was more frequent in boys than in girls (71.9% versus 62.5%; p=0.02). Total 
water intake (water coming from both food and fluid) as well as total fluid intake at breakfast were significantly and 
inversely correlated with urine osmolality. 

Conclusions: Almost two thirds of the children in this large cohort had evidence of a hydration deficit when they 
went to school in the morning, despite breakfast intake. Children’s fluid intake at breakfast does not suffice to maintain 
an adequate hydration status for the whole morning. 
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Introduction
Maintenance of an adequate hydration status in children is critical. 

Total body water volume ranges from 2.9 liters in children aged 1.5 
months to 22.6 liters in 11-year-olds [1]. Children are more prone to 
dehydration than adults because they have a greater body surface: body 
weight ratio and their excretion and urine concentration abilities are 
not yet maximal, especially at an early age [2]. Consequently, children 
require more water on a body weight basis than adults [3-5] and their 
fluid requirements vary as a function of gender and age. Gender, 
age clusters, and definitions of recommended daily water intakes 
vary widely between countries and continents [6]. The Institute of 
Medicine recommends 2400 mL/day and 2100 mL/day of total water, 
respectively, for American boys and girls aged 9 to 13 years [7]. For 
children aged 9 to 13 years, EFSA recommends 2100 mL/day for boys 
and 1900 mL/day for girls of total water intake. Of note is the fact that 
fluid intake recommendations are not the same between boys and girls 
before puberty and differences in water homeostasis can already be 
seen before the age of 13 years [6]. 

Several observational studies have assessed the hydration status in 
children by assessing daily fluid intake in large cohorts and in various 
countries. In Germany, in the DONALD study, Ebner et al. observed 
that girls and boys aged 9 to 13 years had a total daily water intake 
of 1891 g and 1671 g, respectively (including drinking water, other 
beverages, water coming from food and from metabolism) [8]. In a 
sample of 566 French children aged 6 to 11 years, Bellisle et al. found 
that total fluid intake was 1046 ± 42 mL per day with some children 
drinking as little as 372.9 mL per day [9]. Other studies carried out in 
Canada, Guatemala and the USA reached the same conclusions: water 
intake in children falls short of recommendations worldwide and is 
probably insufficient to maintain adequate hydration [10-12]. Is it the 
case in Italy? To the best of our knowledge, no data are available on the 
hydration status and the fluid intake of Italian children. 

Children who drink too little to meet their fluid requirements 
are likely to become dehydrated and have elevated urine osmolality. 
Prevalence of elevated urinary osmolality in children has been reported 
in several countries with various climatic conditions. In Germany, a 
sample of children of the DONALD study, aged 3–18 years, had a mean 
24 h urine osmolality of 801 mosmol/kg [13]. In France, a recent study 
on a large sample of 529 children aged 9 to 11 years, showed that 62% 
of the children had a random urine osmolality over 800 mosmol/kg of 
water after breakfast intake and 22.7% over 1.000 mosmol/kg of water 
[14]. In USA, an elevated urine osmolality (over 800 mosmol/kg) was 
observed in 63% and 66% of children living respectively in Los Angeles 
and New York City [15]. In Israël with dry and hot climatic conditions, 
Bar-David et al. have observed that most of the healthy Jewish children 
included in their study had a urine osmolality over 800 mosmol/kg on 
arrival at school [16] and/or at noontime at school [16-19]. This body 
of data further strengthens the hypothesis of high prevalence of mild 
hydration deficit, reflected by a urinary osmolality over 800 mosmol/kg 
of water [13,16], in schoolchildren in various countries and highlights 
the needs for further investigation.

Therefore, we measured morning urine osmolality as well as food 
and fluid intake at breakfast in a large sample of 515 Italian children 
aged 9 to 11 years.
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Material and Methods
Subject recruitment

The study protocol was approved by the ethical committee of the 
Dipartimento Interaziendale di Farmacia of the Azienda Ospedaliera 
Universitaria Integrata Verona, Italy, on the 22nd of December, 2010. 
The population selected for sampling comprised healthy children 
attending school. It was necessary to select a specific subgroup of 
children because water requirements vary considerably according to 
age. Therefore, we chose an age range of 9.0 to 11.0 years. We set 11 
years as the upper limit because puberty induces changes in nutritional 
behavior. To avoid population heterogeneity, we kept the age range small 
by setting the lower limit at 9 years. The aim was to recruit all children 
within a short time period outside the summer season so as to avoid 
dehydration due to climatic conditions. Consequently, recruitment 
and collection of urine samples took place between 02 February and 
19 may 2011. Children were recruited on a voluntary basis through 12 
primary schools from the city of Verona and vicinity. This area includes 
urban as well as rural populations from various socioeconomic strata. 
All children were given a study pack to take home. The pack contained 
a study information document, a parent and child consent form, a 
questionnaire covering demographic information, use of medications, 
exercise and diet, and included a urine sample container. Children 
returned study materials, including the urine sample, to the school 
administrative staff or teachers on designated days. 

Children were included if both parents had signed the informed 
consent and if they fulfilled the inclusion criteria, which included 
a usual intake of at least two main meals per day. Children were 
excluded if they currently or previously had a metabolic or digestive 
disease (with the exception of appendectomy) or renal disease (renal 
insufficiency etc.), if they had fever, or if they were prescribed a local 
or systemic treatment likely to interfere with evaluation of the study 
parameters, including hydration state in particular (diuretic treatment 
or treatment interfering with metabolism and eating behaviour). To 
evaluate compliance, children and parents had to write the date and 
time of urine collection in two separate places: once on the label of 
the urine collection flasks and once on the breakfast questionnaire. 
From these data, we were able to check whether the urine sample was 
collected after breakfast or after another meal. If urine was collected 
after another meal, children were excluded. Moreover, we calculated 
the time interval between breakfast and urine collection to check 
whether the procedure had been correctly followed. 

A total of 523 children participated in the study. Of these, 8 were 
excluded because of their age, or because either the food and fluid 
questionnaire or the urine sample was missing. 

Dietary Measurements

Dietary intake was determined using an estimated diary method, 
where children and/or parents recorded all food and drink consumed 
at breakfast, or the last meal of the previous day in the case of children 
not consuming breakfast, including brand name and portion size 
(household measures or package weight). Children also recorded time 
of breakfast in relation to time of urine sample. 

Dietary data were entered in a Metadieta Diet Software (Meteda, 
Italy) which converts the amount of food eaten into individual energy 
and macronutrients and assigns consumed foods into food groups 
and subgroups. Smoothies, milkshakes, and drinking yoghurts were 
considered beverages. Drinking water consisted of tap, spring, natural 
mineral waters or unsweetened sparkling waters. Milk added to cereal 

was considered drink. The potential renal solute load (PRSL) was 
calculated according to the Fomon equation: PRSL(mmol)=5.7*(g of 
protein) + (mg of sodium/23) + (mg of potassium/39) + 0.55*(mg of 
phosphorus/31) [20]. 

Urine sample 

Children were asked to collect a urine sample at home, 30 minutes 
after breakfast (the first void of the morning was not collected; they 
were instructed to collect their second void of the morning). Time 
of urine collection was recorded directly on the flask label which was 
brought to school on the morning of collection, if this was a school day, 
or alternatively stored in a cool place if the sample was collected on a 
weekend. After collection at school by the study team, urine samples 
were aliquoted and stored at –20°C for 5 days maximum after sample 
collection, until analysis, which was masked to clinical data.

Measurement of urine osmolality

Urine osmolality was measured in the same central laboratory of 
the Laboratorio Analisi – B.go Roma, Policlinico G. B. Rossi – Azienda 
Ospedaliera Universitaria Integrata Verona, using a freezing point 
osmometer. 

Statistics

We estimated that a sample size of 500 participants would be 
needed, based on previous results from a large US cohort showing a 
high prevalence of elevated urine osmolality defined as a value above 
800 mOsmol/kg. We assumed this prevalence to be the same in our 
cohort, with an accuracy of 5% and a 95% confidence interval and 
concluded that at least n=384 subjects were to be included. We adjusted 
this sample size to a minimum of n=500. 

Descriptive data included Fisher’s test, t-test or ANOVA 
comparisons between girls and boys for several variables: water intake 
according to various sources of water available at breakfast as well 
as urine osmolality. A linear regression was performed to analyse 
the breakfast determinants of osmolality, where osmolality depends 
on cohort characteristics (age, sex, height, weight, school, medical 
treatment) and breakfast composition (total water intake, kilocalories, 
etc.). Sex, medical treatment and schools were considered as categorical 
variables by using dummies. Multiple logistic regression was used to 
estimate the relationship between total water intake and the likelihood 
of having an osmolality over 800 mOsmol/kg by calculating the Odds 
Ratios (OR) and the corresponding 95% Confidence Intervals (CIs); p 
values associated with tests for linear trends in the OR are also provided. 
The effects of potential confounders (sex, weight, height, age, school) 
were examined by including these variables in the logistic regression 
models. Any missing values were assigned to a separate category.

All statistical analyses were carried out using SAS software for 
Windows. Significance was accepted at an alpha level of 0.05.

Results
Description of the cohort

The cohort comprised an almost equal number of girls (n=256) 
and boys (n=259) (Table 1). The mean age was 10.1 ± 0.03 years. 
The mean body height, 144.5 ± 8.4 cm, and mean body weight, 37.8 
± 8.1 kg, correspond both to reference values previously observed by 
Cacciari et al. in North Italy in 2002 [21]. Weight and height were quite 
similar between girls and boys. Using International Obesity Task Force 
cut-offs, we observed that 38.3% of the children in the cohort were 
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such as juices, milk, tea, etc.) varied between participants (Table 2). 
Most of them (74.9%) had food and beverages. 

Total water intake (water coming from both fluid and food) of 
the entire cohort was 155.5 ± 4.2 mL (n=515) (Table 3). In children 
consuming both food and fluid (n=431), total water intake was 184.4 
ml + 2.2 mL. Water came mostly from fluid consumption (144.1 ± 4.1 
mL) as compared to food (11.4 ± 1.2 mL). Furthermore, water came 
mostly from beverages other than drinking water (133.6 ± 3.7 mL) 
rather than drinking water itself (10.5 ± 1.8 mL). Only 7.6% of children 

overweight and 22.5% were obese. This is in agreement with a recent 
survey by the International Obesity Task Force for the World Health 
Organization indicating that around 36% of children between the ages 
of 7 and 11 in Italy and Sicily are overweight or obese [22].

Description of breakfast composition

Most children (83.7%) had breakfast whereas 16.3% reported 
absence of food and fluid intake at breakfast time. Food and fluid intake 
at breakfast and nature of fluids absorbed (water or other beverages 

Boys (n = 256)
Mean (CI; SD)

Girls (n = 259)
Mean (CI; SD)

All (n = 515)
Mean (IC; SD)

Age (years)
9 y 72 57 129
10 y 109 94 203
11 y 75 108 183
Body Weight (kgs)* 38.5 (23 - 75; 8.2) 37.1 (23 - 70.5; 7.9) 37.8 (23 - 75; 8.1)
<30 kg 25 37 62
30-39 kg 123 127 250
40-49 81 56 137
≥ 50 22 24 46
Body Height (cm)* 144.5 (120-168; 8.1) 144.5 (100-165; 8.7) 144.5 (100-168; 8.4)
BMI (kg/m²)* 18.3 (11.1-26.7 ; 2.8) 17.7 (12.8-35 ; 2.9) 18.0 (11.1-35 ; 2.9)
BMI <13,5 Kg/m² 1 7 8
13,5 <BMI < 17 Kg/m2 80 100 180
17 <BMI < 20 Kg/m2 (overweight) 99 85 184
20 Kg/m2 < BMI (obese) 63 45 108

Means values are given with (confidence interval, standard deviation SD); *Body weight values were documented for 251 boys and 244 girls, body height values for 245 
boys and 245 girls and BMI values for 240 boys and 237 girls

Table 1: Demographic and physical characteristics of the cohort (n=515).

Table 2: Number of children by diet clusters (n=515).

No Food Food
No Fluid Only beverages other than water All fluids No Fluid Only beverages other than water Only water All fluids

Boys 44 13 0 8 174 5 12
Girls 40 15 1 8 174 5 16
All = 515 84 28 1 16 348 10 28
All (in %) 16.3% 5.5% 0.2% 3.1% 67.5% 1.9% 5.5%

Table 3: Breakfast composition, mean ± SEM.

No Food Food
Means for the 
entire cohort No 

Fluid
Only beverages 
other than water

All fluids (plain 
waterANDother 
beverages)

No Fluid Only beverages 
other than water

Only plain 
water

All fluids (plain water AND 
other beverages)

(n=84) (n=28) (n=1) (n=16) (n=348) (n=10) (n=28) (n=515)
Plain water (mineral, 
spring, tap) (ml) 0 0 199.8 0 0 139.8 ± 13.6 136.4 ± 12 10.5 ± 1.8

water in other beverages 
(ml) 0 160.9 ± 7.1 177 0 170.4 ± 2.8 0 171.3 ± 11.7 133.6 ± 3.7

water from food (ml) 0 0 0 89.3 ± 17.1 10.8 ± 1.2 40.9 ± 15.6 9.4 ± 4.1 11.4 ± 1.2
water from all fluids (ml) 0 160.9 ± 7.1 376.8 0 170.4 ± 2.8 139.8 ± 13.6 307.7 ± 17.5 144.1 ± 4.1
Total water (ml) 0 160.9 ± 7.1 376.8 89.3 ± 17.1 181.2 ± 3.2 180.7 ± 15 317.1 ± 18.1 155.5 ± 4.2
Protein (g) 0 4.8 ± 0.5 7 6.7 ± 1.9 8.9 ± 0.2 4.5 ± 0.6 9.5 ± 0.8 7.1 ± 0.2
Lipid (g) 0 3.4 ± 0.6 3 8 ± 1.6 8.6 ± 0.3 6.1 ± 0.5 9 ± 1 6.9 ± 0.2
Carbohydrate (g) 0 9.8 ± 0.9 10 35.9 ± 5.8 48 ± 1.2 28.7 ± 4.1 45.4 ± 4.1 37.1 ± 1.2
Energy (Kcal) 0 86.7 ± 7.8 92 236 ± 41 292.9 ± 6.5 180.4 ± 18.2 289.4 ± 24.9 229.4 ± 6.9

Sodium (mg) 0 68.9 ± 7.8 93.5 211.7 ± 
61.6 187.7 ± 5.8 126.9 ± 20 208.8 ± 24.1 151.2 ± 5.6

Potassium (mg) 0 239.3 ± 21.9 340.2 222.8 ± 
40.5 339.9 ± 8.5 137.6 ± 30.4 351.2 ± 26.5 272.1 ± 8.3

Phosphorus (mg) 0 134.2 ± 14.7 188 126.5 ± 
29.1 197.6 ± 5.4 92 ± 17.5 212.4 ± 17.6 158.5 ± 5.1

PRSL 0 39.1 ± 4.2 56 55.3 ± 15 71.2 ± 1.7 36 ± 4.2 76.1 ± 6.1 56.9 ± 1.8
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consumed drinking water at breakfast (n=39). Among them, only 1.9 
% (n=10) drank solely drinking water. 

Breakfast provided 229.4 ± 6.9 kilocalories on average. This is 
below the 500 kilocalories corresponding to 25% of daily kilocalorie 
intake recommended for breakfast in children at this age [23]. The 
main breakfast macronutrient was carbohydrate 37.1 ± 2 g). Protein 
intake was slightly higher in children eating and drinking (7.1 ± 0.12 
g) compared to children only eating (6.7 ± 1.9 g). Sodium intake
corresponded to 10 % of the recommended daily intake (188.62 ± 5.17
mg) which should be 2 g at this age [23].

Urine osmolality

The mean urine osmolality for the entire cohort was 875.5 ± 232.2 
mosmol/kg. Distribution of osmolality values was very large across the 
sample of children and the median value was 906 mosmol/kg, not very 
much higher than the mean urine osmolality. 67.2% of the children 
(n=346) had a urine osmolality above 800 mosmol/kg. Among them, 
35.0% had a urine osmolality above 1000 mosmol/kg. Differences 
between girls and boys were observed for almost the entire range of 
osmolality distribution (p<0.001) (Figure 1). Girls more frequently 
had a urine osmolality between 100 and 800 mosmol/kg. The greatest 
difference was observed for osmolality values between 800 and 1100 
mosmol/kg: elevated urine osmolality was significantly more common 
in boys than in girls (71.9% vs 62.5%, p=0.02). 

Determinants of urine osmolality

Physical characteristics of children such as weight and height did 
not contribute to urine osmolality (Table 4), in contrast to gender 
difference which was confirmed (p<0.01). None of the various breakfast 
dietary variables was significantly associated with urine osmolality. 
There was a trend for an inverse association between total water intake 
and urine osmolality. 

When investigating contribution of various water sources to 
urine osmolality by multiple linear regression, total water intake was 
significantly and inversely associated to urine osmolality of children 
(p<0.05) suggesting that the less the children drank, the higher their 

urine osmolality. Water coming from fluids was also inversely and 
significantly associated to urine osmolality in contrast to water coming 
from food. Finally, we observed a trend for an inverse association 
between both water coming from water and water coming from other 
beverages and urine osmolality (Table 5). 

We then tested the relationship between water intake and urine 
osmolality by logistic regression using a 1000 mosmol/kg cut-off. We 
observed again a trend, for an association between water coming from 
beverages other than plain water and a urine osmolality above 1.000 
mosmol/kg. The same was true for water coming from plain water only.

Discussion
In the present study, we investigated the prevalence of elevated 

morning urine osmolality in a large sample of 515 Italian children aged 
9 to 11 years attending primary school. Our main finding is that 67.2% 
of children had a urine osmolality over 800 mosmol/kg of water and 
among them, 35.0 % had a urine osmolality over 1000 mOsmol/kg. 
This was more frequent in boys than in girls (71.9% versus 62.5%). 

Previous studies investigated hydration status in children by 
measuring urine osmolality either for 24 hours [13] or at a given time 
point [24,16]. Here, we decided to measure urine osmolality at least 30 
minutes after breakfast. Morning urine before breakfast is concentrated 
and reflects the fasting state and water restriction that occur during 
nighttime sleep [25]. Food and fluid intake at breakfast should lead to 
rehydration. It was therefore interesting to investigate whether total 
water intake at breakfast is sufficient to compensate water loss during 
the night in children.

In the present study, we found that 67.2% of children had a urine 
osmolality over 800 mosmol/kg of water and among them, 35% had 
a urine osmolality over 1000 mosmol/kg. To our best knowledge, no 
studies investigating urine osmolality in Italian schoolchildren have 
been performed. The elevated urine osmolality values observed in our 
study indicate that, despite water intake at breakfast, the children’s 
urine was still concentrated. The kidney has to concentrate urine to 
counteract an increase in plasma osmolality. One explanation may be 
that breakfast fluid intake did not suffice to compensate for dehydration 

Figure 1: Distribution of urinary osmolality by clusters of 50 mosmol/kg of water in italian schoolchildren (n=259 girls and n=256 boys).
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during the night. Prevalence of mild dehydration observed in this 
Italian samples is quite similar to the prevalence reported by Bonnet 
et al. (62%) [14] in the French sample and by Stookey et al. in the 
American sample (63 in Los Angeles and 66% in New York City) [15]. 

When analyzing the determinants of urine osmolality in children, 
we found that total water intake was significantly and inversely 
correlated with urine osmolality. The amount of water ingested at 
breakfast via food and fluid intake had an impact on the dilution of 
urine. The significant association between water intake coming from 
fluids and urine osmolality shows that beverages absorbed at breakfast 
impacted children hydration status in contrast to food which brought 
little water to the body. A majority of the children (98.6%) drank less 
than 400 mL at breakfast and had a higher probability of having a high 
osmolality after breakfast than children with a higher total water intake. 
This is in line with the observations of Bellisle et al. who suggest that 
water intake among French children may not be sufficient to maintain 
an adequate hydration status [9]. It seems to be also the case in Italian 
children. These findings suggest that higher fluid intake at breakfast 
should be recommended for children. 

Interestingly, elevated urine osmolality was more frequent in boys 
than girls. This gender difference has been observed in previous studies 
in children and adults [26,27,8]. Total water intake and breakfast 
osmotic load was quite similar in both groups. Water intake coming 
from food and beverages was similar for both sexes. This difference in 
urine osmolality between genders has to be further investigated.

In conclusion, this study on a large cohort of Italian schoolchildren 
shows for the first time that almost two-thirds of children have 

evidence of a hydration deficit when they go to school in the morning, 
despite breakfast intake. Their fluid intake at breakfast does not suffice 
to maintain an adequate hydration status for the whole morning. 

Keynote: Urinary osmolarity was measured after breakfast intake 
in a large cohort of 515 Italian schoolchildren aged 9-11 years. More 
than two thirds of the children (67.2%) had a urine osmolality above 
800 mosmol/kg. This was more frequent in boys (71.9%) than in girls 
(62.5%). Such prevalence of hydration deficit suggests that fluid intake 
at breakfast does not suffice to maintain an adequate hydration status 
for the whole morning.
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