
Original Paper

Association between perceived oral fluid intake  
and urine volume in a healthy population  

Concepción Mir Perellóa, Concepción Sáez-Torres Barrosob, Dolores Rodrigo Jiméneza, Adrián 
Rodríguez Rodríguezb, Javier Lumbreras Fernándeza, Guiem Frontera Juanc, Joan Figuerola 

Muleta, Félix Grases Freixedasb

aServicio de Pediatría. Hospital Universitari Son Espases. Palma de Mallorca. España • bLaboratorio de 
Investigación en Litiasis Renal. Instituto Universitario de Investigación en Ciencias de la Salud  

(IUNICS-IdISPa). Universidad de las Islas Baleares. Palma de Mallorca. España • cUnidad de  
Investigación. Hospital Universitari Son Espases. Palma de Mallorca. España. 

Published online:
5-july-2017

Concepción Mir Perelló:  
mariac.mir@ssib.es

How to cite this article: Mir Perelló C, Sáez-Torres Barroso C, Rodrigo Jiménez D, Rodríguez Rodríguez A, Lumbreras Fernández J, Frontera 
Juan G, et al. Relación entre la percepción del consumo oral de líquidos y el volumen urinario en población sana. Rev Pediatr Aten Primaria. 
2017;19:223-9.

Rev Pediatr Aten Primaria. 2017;19:223-9
ISSN: 1139-7632  • www.pap.es

223

Palabras clave: 
 Ingestión de líquidos 

 Litiasis renal  
 Nutrición  

 Volumen urinario 

Re
su

m
en

A
bs

tr
ac

t

Relación entre la percepción del consumo oral de líquidos y el volumen  
urinario en población sana 

Introducción: el volumen urinario bajo (< 1 ml/kg/h) es el factor etiológico más frecuente en la litiasis 
renal. Frecuentemente, se asume que los niños que refieren beber mucho tienen una diuresis protecto-
ra. En este estudio analizamos el hábito de consumo de líquidos en niños sanos y su relación con el 
volumen urinario. 
Metodología: se estudiaron 84 niños, de 5 a 17 años. Se registró la percepción de consumo habitual de 
líquidos como: “poco”, “normal” o “mucho” y los tipos de bebida habitual. Se cuantificó el volumen 
en orina de 24 h y se relacionó con la percepción de la ingesta de líquidos. 
Resultados: la ingesta habitual de líquidos fue calificada como “poca” en el 23% de los casos, “normal” 
en un 56% y “mucha” en un 21%. El 39% de los niños (33/84) presentó una diuresis > 1 ml/kg/h que, 
por grupos, supone el 38,9% de los que refirieron una ingesta escasa, el 63% de los de consumo “nor-
mal” y el 73,7% de los que refirieron ingesta elevada. El 56% de los niños de los grupos de ingesta 
“normal” y “elevada” mostraron una diuresis < 1 ml/kg/h. 
Conclusiones: la mayoría de niños mostraron una diuresis por debajo del límite recomendado, incluso 
entre los que refieren una ingesta “normal” o “elevada” de líquidos. Estos hallazgos hacen visible la 
necesidad de promover estrategias encaminadas a aumentar el consumo de agua en la población. 

Introduction: a low urine volume is a main etiological factor for renal lithiasis (< 1 ml/kg/h). It is com-
monly assumed that children who report a high elevated fluid intake have a protective urine volume. 
The purpose of the present study is to assess the habit of fluid intake in healthy schoolchildren and to 
evaluate its relation with the urinary volume.
Methods: eighty-four healthy schoolchildren (5-17 years) were asked to categorize their usual fluid 
intake amount by choosing one of the three options: “low”, “normal” or “high” fluid intake. The 
usual consumed types of beverage were also recorded. Twenty-four-hour urine volume was measured 
in each child. The results of the questionnaire were compared to that from the urine samples.
Results: a “low” fluid intake was referred by 23% of children, a “normal” fluid intake by 57% and a 
“high” fluid intake by 21%. Diuresis values > 1 ml/kg/h were observed in 39% of children (that is: 
38.9% of the “low intake” group, 63% of the “normal intake” group and 73.7% of the “high intake” 
group). Among “normal” and “high” intake groups, a urinary output < 1 ml/kg/h was found in 56% 
of children.
Conclusions: a majority of the studied children did not reach the minimum recommended diuresis to 
prevent urinary lithiasis, even among children who report a high intake of fluids. Strategies aimed at 
increasing water intake by children population should be highly encouraged.
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INTRODUCTION

Adequate fluid intake is essential to maintaining 

the internal environment. Increased water intake 

has been associated with decreased progression in 

many diseases of renal1,2  as well as extrarenal ae-

tiology.3,4 However, the disease for which there is 

the most scientific evidence of the therapeutic ef-

fects of increased water intake is renal lithiasis.5,6 

Although lithiasis is less frequent in the paediatric 

age group compared to adults,7,8 the medical lit-

erature shows that this disease is occurring at in-

creasingly early ages and with severe presenta-

tions,9,10 especially in adolescents.11,12

Kidney stone formation is the final consequence of 

an imbalance between the substances that pro-

mote and inhibit crystal formation usually found 

in urine.11,13 The most important risk factor for 

crystal formation is the degree of supersaturation. 

The degree of supersaturation of different sub-

stances in urine depends on the total amount of 

the substance14 and, more importantly, on urine 

volume.15 Thus, a low fluid intake constitutes an 

independent risk factor for any type of lithiasis be-

cause it increases urine concentration14 and pa-

renchymal transit time.15,16

The guidelines regarding adequate urine outputs 

that can protect against the formation of the most 

frequent types of kidney stones in the paediatric 

population vary from one publication to another 

and range between 0.8 and 1.4 ml/kg/h; and the 

most widely accepted threshold is 1 ml/kg/h.7,17 

Generally speaking, the recommended urine out-

put by age group is of 750 ml/24 hours in infants, 

1000 ml/24 hours in children aged less than 5 

years, 1500 ml/24 hour in children aged 5 to 10 

years and more than 2000 ml/24 hours in individ-

uals aged more than 10 years.18 Conversely, urine 

output values of less than 0.5 ml/kg/h (considered 

to be in the range of oliguria) are associated with a 

very high risk of urine supersaturation.19

An intake of 1.5 to 2 l/m2/day of water is usually 

sufficient to achieve the recommended urine out-

put, although this amount changes depending on 

the circumstances of each child and should be  

increased during periods in which water losses are 

greater. Fluids usually account for 80% of the total 

water intake, while the remaining 20% comes 

from solid food sources.19 The intake of fluids mo-

tivated by the sensation of thirst is an effective 

mechanism toward the prevention of dehydration, 

but is not sufficient in itself to maintain adequate 

hydration. The latter requires additional fluid con-

sumption, which depends on an individual’s will 

and can become a habit if sustained through time. 

A key factor in establishing this habit is ensuring 

that the child (or the child’s family, in the case of 

younger children) is aware of the amount of fluids 

that the child needs to drink based on his or her 

needs or daily activities.

Our study was based on the hypothesis that the 

subjective perception of children or their families 

that the child consumes an adequate amount of 

fluids does not always correspond to safe urine 

output values that can prevent renal lithiasis.  

Therefore, the primary objective of the study was 

to assess whether the habitual fluid intake report-

ed in the history taking corresponded to urine out-

put values greater or lesser than 1 ml/kg/hour 

measured in a 24-hour urine sample. The second-

ary objectives were to describe the number of chil-

dren that reported each pattern of fluid intake 

along with their urine output by age and sex. We 

also sought to determine the drinks that are usu-

ally consumed by the study sample.

MATERIALS AND METHODS

We conducted an observational cross-sectional 

descriptive study in a sample of healthy children 

aged 5 to 17 years enrolled in several schools in 

Majorca (Balearic Islands, Spain) while school 

was in session between March 2014 and Febru-

ary 2015. We excluded children with acute or 

chronic illness or that were undergoing pharma-

cological treatment at the time of the study. We 

asked participants not to deviate from their usu-

al dietary and physical activity habits. We ob-

tained the informed consent of the parents or 

guardians of the students. The study was ap-
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proved by the Ethics Committee of the Balearic 

Islands (IB 3152/16 PI).

We collected data for the following variables: age, 

sex, perceived fluid intake, and 24-hour urine vol-

ume.

We established the habitual fluid intake of each 

child through history taking; intake was self-re-

ported by the participant when he or she was aged 

more than 13 years and by the family for younger 

children. We classified children into three catego-

ries: “drinks small amounts” (less than one full 

glass during meals and only occasionally between 

meals), “drinks a normal amount” (one glass dur-

ing meals and some more between meals) or 

“drinks large amounts” (refills the glass during 

meals and has several glasses between meals).

We asked children to collect their urine in a bottle 

provided for the purpose for a total of 24 hours, 

explaining that they needed to discard the first 

morning urine on the day of collection, and include 

the first morning urine of the following morning. 

We measured the 24-hour urine volume and calcu-

lated the urine output, expressing it in ml/kg/h. 

We only accepted samples with a creatinine excre-

tion rate of 15 to 25 mg/kg/24 h as a criteria of 

correct sample collection and based on the cut-off 

points for the European population described by 

Remer.20 We calculated the overall result for the 

entire sample and divided the values into four 

groups (output > 1 ml/kg/h, between 0.8 and 1 

ml/kg/h, between 0.5 and 0.8 ml/kg/h and < 0.5 

ml/kg/h). We considered urine outputs of 1 ml/

kg/h or greater a protective factor.

We calculated the overall results for the entire 

sample and also established the distribution by 

sex and by age, dividing the latter into three 

groups: 5-8 years, 9-12 years and 13-17 years (ado-

lescents). We conducted a descriptive analysis of 

the variables under study, calculating measures of 

central tendency and dispersion appropriate to the 

distribution of each variable: mean and standard 

deviation for normally distributed variables, and 

median and interquartile range otherwise. For cat-

egorical variables (low, normal or high intake, sex, 

and age groups) we calculated proportions and 

compared groups by means of the χ2 test. We used 

the statistical software SPSS® for Windows® ver-

sion 2.0. We defined statistical significance as a p-

value of less than 0.05. 

RESULTS

We studied a total of 84 children (48 male and 36 

female): 13 children aged 5 to 8 years, 36 aged 9 to 

12 years, and 35 aged 13 to 17 years (adolescents). 

The mean age was 11.5 years.

Table 1 shows the results of the perceived habitual 

fluid intake in terms of amount (low, normal or 

high) distributed by sex. We found statistically sig-

nificant differences between the different age 

groups (P < .05) (Table 2). The median 24-hour 

urine output in the total sample under study was 

0.93 ml/kg/h. Table 1 shows its distribution by sex. 

Its distribution by age group was 0.92 ml/kg/h in 

children aged 5 to 8 years, 0.97 ml/kg/h in children 

aged 9 to 12 years and 0.93 ml/kg/h in children 

aged 13 to 17 years, with no statistically signifi-

cant differences between these groups.

Of all the children under study, 33 (39%) had urine 

output values of 1 ml/kg/h or greater, 20 (24%) 

Table 1. Mean age, urine output and perceived fluid intake for the overall sample and by sex. The percentage of 
the total is shown in parentheses 
 Male (n = 48) Female (n = 36) Total (n = 84)
Age (mean) 11.6 years 11.3 years 11.5 years
Urine output 0.93 ml/kg/h 0.94 ml/kg/h 0.93 ml/kg/h
Perceived fluid intake Low 9 (19%) 10 (28%) 19 (23%)

Normal 27 (56%) 20 (55%) 47 (56%)
High 12 (25%) 6 (17%) 18 (21%)
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Table 3. 24-hour urine output  (in mL/kg/h) by age group. The percentage of the total number of children in the 
given age group is shown in parentheses

5-8 years (n = 14) 9-12 years (n = 36) 13-17 years (n = 34) Total (n = 84)
< 0.5 ml/kg/h 0 (0%) 2 (5%) 5 (15%) 7 (8%)
0.5-0.8 ml/kg/h 3 (21%) 10 (28%) 7 (20%) 20 (24%)
0.8-1 ml/kg/h 7 (50%) 10 (28%) 12 (35%) 29 (35%)
> 1 ml/kg/h 4(29%) 14 (29%) 10 (30%) 28 (33%)

Figure 1. Urine output greater or less than 1 ml/kg/h by perceived fluid intake
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Table 2. Perceived fluid intake by age group. The percentage of the total number of children in the given age group 
is shown in parentheses

Perceived fluid intake 5-8 years (n = 14) 9-12 years (n = 36) 13-17 years (n = 34)
Low 5 (35%) 7 (20%) 7 (20%)
Normal 7 (50%) 21 (58%) 19 (56%)
High 2 (15%) 8 (22%) 8 (24%)

had values between 0.8 and 1 ml/kg/h, 25 (29%) 

values between 0.8 and 0.5 ml/kg/h, and 5 (6%) 

values of less than 0.5 ml/kg/h. Table 3 shows the 

distribution of urine output values by age group.

Figure 1 shows the urine output results (greater or 

less than 1 ml/kg/h in 24 h) based on the reported 

habitual fluid intake. We did not find statistically 

significant differences in the median urine output, 

which was of 0.91 ml/kg/h (interquartile range 

[IQR]: 0.76-1.01), 0.91 ml/kg/h (IQR: 0.76-1.17), 

and 1.1 ml/kg/h (IQR: 0.84-1.33) in the groups with 

perceived “low”, “normal” or “high” habitual fluid 

intake, respectively. We found that 55% (17/84) of 

participants had urine outputs of more than 1 ml/

kg/h in the group that reported a high fluid intake, 

compared to 30% (46/84) in the group that report-

ed a normal intake and 20% (25/84) in the low-in-

take group.



Concepción Mir Perelló, et al. Association between perceived oral fluid intake and urine volume in a healthy population

Rev Pediatr Aten Primaria. 2017;19:223-9
ISSN: 1139-7632  • www.pap.es

227

DISCUSSION

In our study, we found a greater percentage of chil-

dren with a urine volume considered adequate in 

the group that reported drinking larger amounts 

of fluid and vice versa. Nevertheless, and support-

ing our working hypothesis, we found a large num-

ber of cases in which this association did not hold.

Patients frequently err in believing that their die-

tary habits are healthy (in this instance, their re-

ported fluid intake). Although this fact is manifest 

in clinical practice, no studies have investigated it 

in the paediatric population. The findings of our 

study evince that the information provided by pa-

tients on their fluid intake habits often does not 

correspond to the presence of healthy urine out-

put values. Thus, we noticed that most children 

that reported drinking “normal amounts” of fluid 

had urine outputs of less than 1 ml/kg/h, which 

was also the case in 1 out of every 2 children that 

reported a high intake. We ought to underscore 

that we conducted our study in a healthy popula-

tion (without acute or chronic illness at the time of 

sample collection) and in the absence of extreme 

weather conditions. In this same population, in 

which we found such a high proportion of low 

urine volumes, the concurrence of additional fac-

tors associated with increases in extrarenal water 

loss (such as fever, vomiting, diarrhoea, or severe 

heat) or conditions that promote supersaturation 

and urine stasis (nutritional imbalance, immobili-

zation, etc) will considerably increase the risk of 

crystal formation in urine.

We did not find differences in urine output values 

in our analysis by sex. Thus, the widespread belief 

that boys drink more (which is also supported in 

our study by the greater percentage of male par-

ticipants that reported drinking “a lot of water”) 

was not manifested in our results through the 

finding of larger urine volumes. The study design 

did not allow us to determine whether this is due 

to differences in what boys and girls consider to be 

a “normal amount” of water intake or boys actu-

ally drinking more, but our results are also affected

by greater insensible water losses in boys due to a 

higher level of physical activity.

When it came to the different age groups under 

study, the results showed lesser urine outputs in 

the adolescent group, which also had the most 

cases of extremely low output (< 0.5 ml/kg/h). This 

may reflect the current situation in the population 

and be one of the factors that is promoting the in-

crease in the incidence of lithiasis in young indi-

viduals. The medical literature indicates that lithi-

asis in adolescence is strongly influenced by 

environmental factors, such as low urine vol-

umes,17 contrary to what happens in younger pa-

tients, in who there is a predominance of meta-

bolic abnormalities in urine (especially in children 

aged less than 10 years). Consequently, the need 

for pharmacological treatment is more frequent in 

younger children, while in adolescents there are 

more cases in which dietary changes alone suffice 

to prevent recurrence.17

Among the dietary changes associated to the in-

creased incidence of lithiasis in adolescents, we 

must pay especial attention to fluid intake habits, 

as the observed decrease in urinary output may be 

due to the development of dietary patterns includ-

ing a reduced water intake,21 even if, as we found 

in our study, it is not perceived as such by the ado-

lescent.

When it comes to lithogenic risk, it is important to 

take into account both the amount and the type of 

fluid that is consumed. Water should be the main 

drink consumed by the population, as recom-

mended by the World Health Organization.18 Oth-

er fluids, such as milk, are essential to the growth 

and development of the paediatric population. On 

the other hand, natural juices, which contribute 

substances that inhibit urine crystal formation, 

such as citrate, and other healthy micronutrients, 

are also recommended.22 In adolescence, con-

sumption of water, milk and natural juices is dis-

placed by the increased consumption of other bev-

erages23 (chief of which are colas and soft drinks), 

whose high phosphorus and oxalate contents 

have been associated with an increased risk of cal-

culus formation.3,21,24,25
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CONCLUSIONS 

In most of the children under study, fluid intake did 

not result in adequate urine output, even in those 

that reported drinking large volumes.

Our findings indicate that education on healthy 

fluid intake habits for each age group and the im-

plementation of strategies aimed at increasing 

water intake are needed for the primary and sec-

ondary prevention of renal lithiasis. In this regard, 

primary care paediatricians play an essential role, 

as they have the opportunity of acting during a  

period in life that is key in the development of hab-

its, and of detecting patients at risk as well as risk 

situations that can be corrected from an early age. 

In patients who need to maintain a high urine vol-

ume, adherence to hydration recommendations 

must be assessed by comparison with objective 

measurements of urine output.
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