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ABSTRACT

Objectives. To estimate the water balance in a healthy population of sportspeople from Southern Spain
and determine the sources of their fluid intake, evaluating the contribution of different types of drink and
comparing the results by sex and province of residence.

Methods. Three hundred eighty-six sportspeople (231 males, 152 females) were enrolled in the study. A
questionnaire was administered to calculate nutrient intake through diet and physical activity, and
anthropometric measures were taken according to ISAK standards. SPSS-15 was used for data analyses.
Results. Fruit juice, tap water, bottled water, processed fruit juice, carbonated drinks, and isotonic drinks
comprised 96% of the total water intake. Simple sugar consumption represented 4.44% of daily calorie
intake. Significant differences were found between sexes and between professionals and amateurs. The
amount of drinks consumed varied as a function of the quality of the drinking water, which significantly
differed among the eight Andalusian provinces.

Conclusion. This study population did not fully meet fluid intake recommendations, compliance with
hydration recommendations varied as a function of the sex and the amateur or professional status of these
sportspeople. The pattern of drinks consumption also differed according to their place of residence.

© 2013 Revista Andaluza de Medicina del Deporte.

RESUMEN

Andlisis de bebidas que contribuyen a la hidratacion de deportistas andaluces

Objetivos. Estimar el balance hidrico en deportistas sanos del sur de Espafia. Determinar los principales
aportes de agua y la contribucién de los diferentes tipos de bebidas en la hidratacién de los sujetos de estu-
dio y comparar los resultados teniendo en cuenta el sexo y la provincia de residencia.

Métodos. Se reclutaron 386 individuos, (231 hombres y 152 mujeres), a través de los Centros Andaluces de
Medicina del Deporte (CAMD) y el CAR de Sierra Nevada. Mediante la realizacién de un cuestionario se
calcul6 la ingesta de nutrientes a través de la dieta y la actividad fisica. Asi mismo se tomaron medidas an-
tropométricas de acuerdo con las normas ISAK. Los datos fueron procesados usando SPSS-15.

Resultados. Los zumos naturales, el agua del grifo, el agua embotellada, los zumos envasados, las bebidas
carbonatadas y las bebidas isoténicas contribuyen en un 96% a la ingesta total de agua. La media de consu-
mo diario de azdcares simples fue del 4,44% de la energia diaria. Existen diferencias estadisticamente signi-
ficativas entre sexos y entre profesionales y aficionados. Teniendo en cuenta la calidad del agua de consumo
de las ocho provincias andaluzas encontramos diferencias en el patrén de ingesta de liquidos.

Conclusidn. En este estudio la poblacion no cumple las recomendaciones de ingesta de liquidos. Las reco-
mendaciones de hidratacién varian en funcion del sexo y de si son o no profesionales o aficionados. El pa-
tron de ingesta de liquidos es diferente dependiendo del lugar de residencia de nuestros deportistas.

© 2013 Revista Andaluza de Medicina del Deporte.
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Introduction

Water is a non-caloric nutrient that is essential for life and has nume-
rous functions as a solvent, transporter, body temperature regulator, and
lubricant, among others. It makes up around 60 - 70% of the human or-
ganism by weight, and fluid intake is responsible for 60% of this amount,
food intake for 30%, and cell metabolism for the remaining 10%-.

A close balance is necessary between water intake (drink and food)
and excretion (sweat, urine, feces, respiration)®. The WHO (1996) re-
commends an intake of 30 mL/Kg/day for a healthy person, who is only
considered at risk if there is a water loss >10% body weight®. In any phy-
sical activity, the heat released in muscle contraction must be elimina-
ted through perspiration, producing electrolyte and water losses, which
are greater in more intense and prolonged exercise. Dehydration has a
negative effect on the health and physical performance of sportspeople,
reducing their capacity to exert high-intensity efforts’'%

Loss of 2-5% bodyweight through dehydration is considered to redu-
ce the capacity for aerobic effort by 20-30%". Sweat loss during intense
exercise ranges from around 0.5 to 2.0 L/h, depending on the ambient
temperature, body size, and metabolic rhythm?4,

The consumption of carbohydrate solutions may enhance sports per-
formance by ensuring a sufficient amount of fuel for energy needs and
by supplying fluids for rehydration'. An adequate carbohydrate intake is
essential to maintain the energy levels of sportspeople. In general, car-
bohydrate solutions leave the stomach slower than water or weak so-
dium chloride solutions'®-°, Sugar-rich solutions remain longer in the
stomach than do water or weaker sugar solutions but deliver more glu-
cose (in Kcal) per minute to the intestine?’.

Some authors have argued that a sports drink should contain less than
2.5 g sugar per 100 mL of water in order to accelerate its passage through
the stomach, but this small amount of carbohydrates would not make a
sufficient contribution to energy reserves. Recent studies claimed that
sportspeople need to consume at least 50 g sugar an hour in order to im-
prove their performance, whereas most commercially available sports
drinks contain only 6 - 8 g sugar per 100 mL?2?3, Glucose is an essential
component of a rehydrating drink because it not only provides a source of
energy but also stimulates sodium absorption to replace the sodium lost
by perspiration and promotes water absorption by the glucose-sodium
co-transport mechanism?#%, Ideally, water and electrolytes should be re-
placed as fast as they are lost, thereby minimizing the risk of dehydration,
increased body temperature, cardiovascular stress, and hyponatremia?”.

Given the importance of good hydration to sportspeople, whose
achievements can be impaired by a water balance deficit, we designed a
study to gather data on their current situation to serve as a reference for
sports activity by present and future sportspeople. The study objectives
were: to estimate the water balance in a healthy population of sports-
people from the Andalusia region (Southern Spain); to determine the
sources of their fluid intake, evaluating the contribution of different ty-
pes of drink; and to compare results by sex and by province of residence.

Method
Subjects
The eligible population was composed of sportspeople affiliated to one

of the eight Andalusian Sports Medicine Centers in Andalusia or the
High Altitude Training Center in Granada, Southern Spain. This study

was approved by the ethics committee of our university. The inclusion
criteria were: age between 18 and 55 yrs, because of the distinct water
needs of individuals below and above this range®®; and the absence of
disease.

A total of 386 volunteers were recruited at the above centers and in-
vited to an initial interview with the person responsible for healthcare at
each center, who had received training for this purpose and followed an
agreed protocol. After their informed consent had been obtained, the
volunteers completed a personal data form, food frequency question-
naire (FFQ), 3 X 24-h food intake recall, questionnaire on life habits, and
24-h recall of physical activity. They then underwent an anthropometric
study (see details below).

Participants were identified by an alphanumeric code to preserve
their anonymity. The socio-demographic data included province, sex,
marital status, educational level, profession, place of work, sports prac-
ticed, sports level, and period of the season. The FFQ used has been wi-
dely used and validated®-?; it includes foods consumed by Mediterra-
nean populations and gathers information on intake at breakfast,
mid-morning snack, lunch, afternoon snack, and evening meal. The
questionnaire records: the consumption or not of each food item; the
number of times items were consumed per day, week, or month during
the previous year; and the amount consumed each time in g, mL, or
domestic measures (plates, glasses, spoons, etc.). The 3 X 24-h recall
was an open-format questionnaire that gathered information on the
food intake during the three previous days (including 1 non-working
day and 2 working days); data obtained were analyzed using Dial Diet
1.19. 2008 software (Alce Ingenieria, Madrid, Spain).

The physical activity recall was an open-format questionnaire on the
type of exercise or sports modality, level of competition (national, regio-
nal, other), exercise intensity, mean duration of each exercise session,
place and climatic conditions, period of the season (pre-competition,
competition, recovery/transition period), and other sports activities®'.

The anthropometric characteristics gathered were weight, height,
BM], sitting height, arm span, fold profile, body composition, perime-
ters, diameters, and bioimpedance, all according to the ISAK rules®? and
using a Holtain Tanner/Whitehouse Skinfold Caliper (Holtain Ltd,
Crymych, UK); Rosscraft tape measure (Rosscraft Division of Batchelor’s
Datamedia Limited, Canada); Seca 220 scales and stadiometer (Seca
Mexico, México, D.F.), and PROMIS body-composition apparatus (Pro-
fessional Medical Information System, S.L. Puerto de Santa Maria, Spain).

The recommended fluid intake was considered to be 1 L of fluid per
1,000 Kcal consumed?. Sweat losses were calculated as 500 mL/m?/h of
intense activity, as proposed by Rowland (2011)**. The recommended
intake of simple sugars was defined as no more than 10% of daily energy
intake, as proposed by the WHO and FAO (Geneva/Rome, March 3 2003).

SPSS-15 (SPSS Inc. Chicago, IL, USA) was used for the statistical analy-
ses. The Student’s t-test for independent samples, ANOVA test, linear
regression, and stepwise regression were used (see Results and tables).
P < 0.05 was considered significant in all analyses.

Results

A total of 386 individuals were enrolled in the study, 231 males (60.31%)
and 152 females 39.68% (n = 152), a significant gender difference
(c?=16.29; p = 0.001). The age ranged from 18 to 54 yrs, with a mean of
27.39 yrs (Standard Deviation [SD] = 0.48). All participants were healthy
active sportspeople.
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Table 1
Anthropometric characteristics of the study population (Males= 60.31%,
Females=39.68%)

Sex Mean SD
Age (Yrs)* Male 30.42 943
Female 21.73 6.13
Weight* (Kg) Male 63.51 32.56
Female 45.21 29.07
Height (cm) Male 136.87 74.24
Female 120.05 7413
BMI ** (Kg/m?) Male 26.22 14.17
Female 22.82 3.11
Energy™ (Kcal/day) Male 2885.16 1231.26
Female 2430.07 844.32
Consumption ** (Water/day) Male 2367.40 1501.46
Female 2032.63 635.29
Water supplied by drinks Male 1102.95 590.46
(mL) Female 992.22 544.58
Body Surface Area (m?) Male 1.93 0.20
Female 1.68 0.14
Hours Intense Exercise* (h) Male 3.02 1.31
Female 243 113
Liquid Loss via Sweat/Hour ** Male 783.15 394.15
(mL/h) Female 647.15 280.41
Need for Water * (Kcal/day = Male 2885.16 1231.26
mL/day) Female 2430.07 844.32
Need for Water taking Male 3294.13 1332.90
account of Sweat™ (mL) Female 2728.23 896.09

*p <0.01; **p <0.05 Student’s t test for independent samples.

Table 1 shows the mean anthropometric characteristics of the study
population by sex (Student’s t-test for independent variables); 54% of all
participants practiced sport professionally and 46% were amateurs.
Among the males, 48.9% were professionals and 51.1% amateurs; among
the females, 61.8% were professionals and 38.2% amateurs, a significant
difference between the sexes (p = 0.013). The mean hours of intense
exercise/day were 3.02 for the males versus 2.43 for the females (p <
0.05), while the mean body surface area was 1.93 m? in the males versus
1.68 m? in the females (p < 0.05). Mean sweat loss during exercise was
783.15 mL/h in the males versus 647.15 mL/h in the females (p < 0.01).
The mean water requirement without considering sweat loss was
2885.16 mL for males and 2430.07 mL for females (p < 0.05). When
sweat loss was taken into consideration, the water requirement was
3294.13 mL for males and 2728.23 mL for females (p < 0.05).

According to the stepwise regression analysis, the water intake was
supplied (in order of importance) by dairy products or derivatives (71%),
drinks (16.4%), fruit, vegetables, and fish or derivatives, together repre-
senting > 90% of total intake (table 2). The drinks were (in order of im-
portance) fresh fruit juice, tap water, bottled water, processed fruit juice,
carbonated drinks, and isotonic drinks, together comprising 96% of the
total. Consumption of the first three items represented 83.1% of total
drink intake; isotonic drinks contributed 3% of the daily total (table 2).

The mean daily consumption of simple sugar by the participants was
25.18 g/day, which provides approximately 100.71 Kcal/day, i.e., 4.44% of
daily calorie intake (SD = 7.72 p < 0.001). Drinks supplied 22.14 g/day of
this sugar. The drinks with the highest percentages of sugar were fruit
juice (bottle/pack) (50.8%), carbonated drinks (16.4%), and energy drinks
(15.7%), according to the FFQ questionnaire and 3 X 24h recall results
(table 2).

Table 3 exhibits the results as a function of the professional or ama-
teur status of the sportspeople, analyzed by using Student’s t-test for

Table 2
Stepwise linear regression analysis for water from foods, water from drinks,
and sugar from drinks

Foods R2 Water Drinks R2Water Drinks R2 Sugar
from foods from from
(90%) drinks drinks
(96%) (95%)
Dairy 0.717 Natural 0.399 Processed 0.508
products juice juice
and
derivatives
Drinks 0.881 Tap water 0.598  Carbonated 0.672
drinks
Fruit 0.895 Bottled 0.831 Energy 0.829
water drinks
Vegetables 0.899 Processed 0.897  Milk shakes  0.893
juice
Fish and 0.901 Carbonated  0.933 Natural 0.954
derivatives drinks juice
Isotonic 0.960
drinks

*Stepwise linear regression analysis.

Table 3

Differences between professional and amateur sportspeople in hours of
intensive exercise, water consumption, Kcal consumed/day, liquid intake
recommendation, water supply via drinks, percentage of recommended liquid
intake and balance between liquid consumption and water losses.

Professionals = 43.7%, Amateurs = 56.3%

Sport Mean SD
Hours of Intensive Professional 2.75 1.58
Exercise (h) Amateur 2.79 125
Water Consumption Professional 2338.04 900.26
(mL) Amateur 2114.26 1500.23
Energy (Kcal/day)* Professional 3084.90 1093.13
Amateur 2282.96 973.60
Recommended Liquid Professional 3162.17 1130.28
Intake * (mL) Amateur 2847.39 1309.04
Water supply via Professional 628.89 465.25
Drinks* (mL) Amateur 1121.23 619.30
Percentage of Professional 77.69 23.20
recommended liquid Amateur 76.82 31.78
intake (%).
Balance between liquid ~ Professional -353.86 617.52
consumption and Amateur 537.20 744.62

water losses*(mL)

Student’s t test "p<0.05

independent samples. Significant differences (p < 0.05) were found bet-
ween professionals and amateurs in Kcal/day, recommended fluid in-
take, water supply via drinks, and balance between fluid consumption
and loss.

Table 4 shows the results of linear regression analysis with BMI as
dependent variable and age, hours of intense exercise, water consump-
tion, water provided by drinks, water intake recommendation, percen-
tage of recommended water intake, and balance between drink con-
sumption and water loss as independent variables. A fit of R = 0.687 was
obtained, and significant differences were found as a function of BMI in
hours of intense exercise, drink consumption, water losses, water
supplied by drinks, and hours of intense exercise (p < 0.05).

Table 5 shows the ANOVA results for BMI, BMI/fat weight ratio, and
BMI/muscle weight ratio, considering four groups (males and females
under 30 yrs old and males and females over 30 yrs old). Significant di-
fferences among the groups were observed in BMI (p = 0.048) and BMI/
fat weight ratio (p = 0.005).
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Table 4 Table 6
Relationship between the BMI of our sportspeople and age, hours of intense Consumption of drinks as a function of the quality of the drinking water
exercise, water consumption, water supplied by drinks, recommended liquid Type of
intake, percentage of recommended liquid intake, and balance between liquid drinking
consumption and water loss water # Mean (mL) SD F P
Typical Drinks 1 62918 55152 14722  0.001
B Error T P consumption 2 28619 53436
Age (yrs) 0014 0021 0679 0499 3 677.08 53245
Hours of intense exercise™ (h) i85 0.768 7.755  0.001 ANOVA test (p < 0.005). #1:Soft Water 50 mg/L N=17.87%; 2: Slightly Hard Water 50-100mg/
Water consumption 0.001 0.001 0.728 0.468 L N=77.20%; 3: Moderately Hard Water 100-200 mg/L N= 4.9%
Water provided by drinks* (mL) -0.023 0.003 -8.661 0.001
Recommended liquid intake (mL) 0.001 0.001 -0.960 0.339
Percentage of recommended liquid -0.003  0.016  -0.205  0.838 . . .. . I
intake (%) sidered the consumption of juices and soft drinks together, unlike in
Balance between liquid 0.022  0.003 7.980 0.001 the present study. The intake of isotonic drinks in our study population

consumption and water loss*
(mL)

Linear regression using BMI and dependent variable. *p=0.001.

Table 5
Comparison of BMI, BMI:fat weight ratio, and BMI:muscle weight ratio among
sex and age groups

Group* Mean SD P

BMI:FAT WEIGHT 1 2.95 125 0.048
RATIO 2 2.66 0.84

3 2.23 0.56

4 3.05 0.02
BMI:MUSCLE 1 0.88 1.01 0.754
WEIGHT RATIO 2 0.71 0.04

3 0.79 0.09

4 0.79 0.03
BMI 1 24.06 3.45 0.005

2 24.79 2.94

3 22.64 3.20

4 21.40 2.51

*1: Males < 30 yrs; 2: Males > 30 yrs; 3: Females <30 yrs; 4: Females > 30 yrs. ANOVA test
(p=0.005).

Table 6 exhibits ANOVA results for the amount of drinks consumed
as a function of the quality of the drinking water, which significantly
varied (p < 0.001) among the eight Andalusian provinces as follows: soft
water 50 mg/L (Cérdoba and Malaga), slightly hard water 50 - 100 mg/L
(Sevilla, Huelva, Jaén, Granada, and Cadiz), and moderately hard water
100-200 mg/L (Almeria), according to data published by OCU, the Spa-
nish Organization of Consumers and Users (www.ocu.org).

Discussion

In this study, we estimated the fluid intake of Andalusian sportspeople
aged 18 - 55 year. The fluid intake was 77.69% of the recommended le-
vel (WHO, 1996) in the professionals and 76.82% of this level in the
amateurs, a non-significant difference. The Directorate - General for
Health and Consumer Protection of the European Commission produ-
ced a report (February 2001) on the composition of foods and drinks
designed to cover the energetic cost of major muscular efforts, especia-
lly in sportspeople. It indicates that sports drinks should supply carbo-
hydrates as the main energy source and effectively maintain optimal
hydration or rehydration®. In the present series, the drinks making the
largest contribution to their hydration were natural fruit juice, bottled
water, and processed juice, which comprised 88% of the total intake.
Similar results were reported by Brazilian university sportspeople by
Martins and Ferreira®s. ALM de Francisco A, et al*’ found that an increa-
se in physical activity produced a rise in fluid intake, although they con-

was very low (3%) and can be considered inadequate, given that they
contain 6 - 7% carbohydrates and help to replace the electrolytes lost in
intense exercise.

A study in Mexico* reported that drinks represented up to 22.3% of
the total daily energy supply of adolescents and adults, whereas drinks
contributed 4.44% of the daily energy intake in the present study popu-
lation, significantly (p < 0.001) below the maximum of 10% recommen-
ded by the WHO and FAO (Geneva/Rome, March 3 2003).

BMI is a useful parameter to assess nutritional status in healthy indi-
viduals with a moderate physical activity routine; however, it may not
be a reliable measure in sportspeople and has been reported to vary ac-
cording to the characteristics of the individuals and of the sports they
engage in“, For this reason, we analyzed the BMI divided by the muscle
weight and the BMI divided by the fat weight. Differences in BMI and
BMI: fat weight ratio (p < 0.005) were found as a function of the sex of
the sportspeople and their age (< 30 yrs vs. 30 yrs). The evaluation of
anthropometric findings in studies on the nutritional status of sports-
people requires comparisons with reference values established in popu-
lations of high-level practitioners of the same types of sports*.

Significant inter-provincial differences were observed in the con-
sumption of drinks (p < 0.001). Individuals living in areas with soft or
only moderately hard drinking water consumed a larger volume of
drinks (carbonated drinks, energy drinks, bottled water, etc.) in compa-
rison to those residing in areas characterized by hard tap water.

In conclusion, compliance with hydration recommendations varied
as a function of the sex and the amateur or professional status of these
sportspeople. The pattern of drinks consumption also differed according
to their place of residence. This study population did not fully meet fluid
intake recommendations, but their consumption of simple sugar was
well below the WHO-recommended maximum (<10%). The BMI is not a
reliable indicator of the weight status of sportspeople due to their hig-
her proportion of muscle weight.
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