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Water is the major component of our organism representing
about 60% of total body weight in adults and has to be obtained
through the consumption of different foods and beverages as part
of our diet. Water is an essential nutrient performing important
functions, including transport of other nutrients, elimination of
waste products, temperature regulation, lubrication and structural
support. In this context, hydration through water has an essential
role in health and wellness, which has been highly acknowledged
in recent years among the health community experts such as
nutritionists, dietitians, general practitioners, pharmacists, edu-
cators, as well as by physical activity and sport sciences experts
and the general population.

— Water needs depend on individual aspects such as age, sex,
physical activity, genomic profile and environmental condi-
tions. Seasonality, climate (temperature and humidity), geo-
graphical and cultural environment influence the quantity of
liquid required to maintain a proper hydration status.

— The daily water requirements set by the European Food
Safety Authority (EFSA) are 2 and 2.5 liters per day for adult
women and men, respectively, depending on their physio-
logical status, physical activity and environmental conditions.
However, the available scientific evidence suggests that most
European populations do not meet the recommendations for
adequate intakes.

— Hydration status depends on total body water, which is deter-
mined by the amount of liquid ingested from food and drinks

as well as the endogenous water production in balance with
body losses due to either physiological or pathological status.
There is no gold biomarker standard for hydration status but
plasma osmolality, urine specific gravity and acute chang-
es in body weight are frequently used but have limitations.
There are specific questionnaires to evaluate liquid incomes
and outcomes considering at the same time food and drink
consumption, dietary habits, pharmaceutical drugs and
pathological events, but these have not been scientifically
validated yet.

Common liquid intake measurement methods involve dietary
and beverage questionnaires such as beverage frequency,
24-hour recall, diet history over a specific period, food and
drink records, classical and photographic beverage record
or specific beverage visual guides.

Hydration status can be estimated among others by urine
samples to determine volume (mL/d) and osmolality (mOsm/
kg), blood samples, bioelectrical impedance analysis (BIA),
equations to predict total body water (TBW) and extracel-
lular water (ECW), and assessment of free water reserve
(FWR), which measures urine volume minus the obligatory
urine volume. These measures have severe limitations and
there is a need for a valid easier and rapid measure of body
hydration status.

Bioelectrical impedance spectroscopy was found by some
to predict individual values of total body water (TBW),

Aranceta-Bartrina J, Gil A, Marcos A, Pérez-Rodrigo C, Serra-Majem LL, Varela-Moreiras G. Conclusions of the Il International and IV Spanish Hydration Congress. Toledo, Spain,
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extracellular water (ECW), and intracellular water (ICW)
more accurately than single frequency bioelectrical
impedance analysis at 50 kHz, and may be possibly
considered as a suitable methodological approach to
estimate these water compartments in very active males
and elite athletes, however, considerable more validation
is needed.

Other beverage composition factors should be considered in
addition to simple volume of liquid ingested. Alcoholic and
non-alcoholic drinks, apart from plain water, contribute to
the daily energy intake. The consumer needs to be informed
about the nutritional facts of the beverages they consume.
Education on labeling interpretation and nutritional needs
is required to improve dietary habits. Low- and no-calorie
beverages alternatives are better choices for specific pop-
ulations.

Consumption preference patterns of different beverages vary
considerably depending on age, socioeconomic status (SES),
and culture levels. Whichever the factor, they all require an
educational approach to spread proper liquid consumption
recommendations.

Education on hydration is an emerging research area that
comprises nutritional, exercise, behavioral and biochemical
sciences. Due to the demonstrated importance of a proper
hydration status for health, life and socioeconomics, hydra-
tion educational programs should be included in the health
care system as well as in schools and families.

Special attention should be paid to groups of population at
a major risk of dehydration as active athletes, children and
adolescents, pregnant and breastfeeding women and the
elderly.

Some children and adolescents may fail to meet their hydra-
tion needs due to habitual dietary choices (e.g., low con-
sumption of fruits, limited access to fluids during school day)
or because of increased energy requirements from environ-
mental living conditions or heavy physical activity, which may
consequently influence mood as well as their performance
in curricular and extracurricular activities.

Pregnant women may be at greater risk of dehydration by
not drinking water due to nauseas and vomiting. Hydration
during pregnancy plays a crucial role to maintain an ade-
quate body water content and for the renewal of amniotic
fluid. During breastfeeding liquids intake also influences milk
osmolality.

The normal ageing process is associated with several physi-
ological changes that may affect thirst and drinking behavior,
making them more susceptible to dehydration. Studies in
hospitalized elderly people suffering from dehydration show
an increase in morbidity-mortality of up to 40-70%, while
proper hydration reveals considerable improvements in
health and hospitalization quality/welfare. It has been shown

J. Aranceta-Bartrina et al.

that 95% of injuries such as pressure ulcers are preventable
with proper nutrition and adequate water intake.

Water consumption affects brain structure and functions and
perhaps cognitive performance, particularly when involving
motor skills. A better hydration status might help improve
mood, attention and mental concentration scores.

The variety of components (e.g., caffeine, sugar, protein, electro-
lytes) that are found in popular beverages results in considerable
differences in post-consumption urine production. Recent devel-
opment of a hydration index (H) classification system estimates
the expected fluid retention from 13 common beverages and
may be useful in promoting euhydration in the general population.
However, only young healthy male subjects have been observed.

Adequate liquid intake also helps to achieve body weight
loss as it has been suggested that it could suppress appetite
before meals and be associated with adequate dietary habits
(high consumption of fruits and vegetables). Thus, adequate
liquid intake could be important for overweight/obese people
as a means of weight management attenuating the risk of
cardiovascular diseases or diabetes.

Dehydration has been defined as the second most common
comorbidity factor, occurring in 14% of all hospitalizations.
In addition to its individual clinical impact, dehydration also
represents an important public health issue imposing a sig-
nificant economic burden: this represents a potential tar-
get for intervention to reduce healthcare expenditures and
improve patients” quality of life.

Physical activity has a direct impact on fluid intake. Water
needs can increase substantially for more physically active
individuals compared to those who have a sedentary lifestyle.
Water and electrolyte losses during training and competition
reduce the capacity for physical activity, make exercise feel
more difficult, and adversely affect sports skills. For those
reasons, there is a need for athletes to maintain a good level
of hydration by consuming an adequate volume of fluids
before, after and during exercise to support sports perfor-
mance and avoid health risks linked to disruptions in fluid
and electrolyte balance, particularly in warm environments,
such as dehydration, hyperthermia, and hyponatremia.

Dehydration accelerates the decline in cerebral blood flow
during prolonged and incremental maximal exercise in the
heat without affecting the cerebral metabolic rate for oxygen.
The reason for this is that the concomitant reductions in
cerebral oxygen supply are compensated by increases in
oxygen extraction from the brain circulation. Thus, fatigue
during prolonged and incremental maximal exercise in the
heat is related to a reduction in cerebral blood flow rather
than suppression in cerebral aerobic metabolism.

Fluid ingestion maintains cerebral and extracranial perfu-
sion throughout non-fatiguing prolonged exercise in the heat.
During exhaustive exercise, however, maintenance of euhy-

[Nutr Hosp 2016;33(Supl. 3):1-3]
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dration via fluid ingestion during exercise delays but does intake recommendations applied to the so-called precision
not prevent the decline in cerebral perfusion. medicine.

— Although genomic studies on hydration and health are at an — The majority of food guidelines focused the recommenda-
early stage and more research is needed, some studies have tions of liquid intake on drinking 8 glasses (64 oz/day). These
shown that certain genetic markers are associated with high- guidelines do not specify for fractioning liquids during a day,
er fluid intake needs; such is the case of mutations in genes for hot environments periods and the life-course approach.
involved in cystinuria and increased water intake for the pre- Food and hydration guidelines need to be based on dai-
vention of kidney stone formation. New research results may ly requirements, with more specificity to age, gender, and
provide more data about inter-individual variability in fluid environment changes.

[Nutr Hosp 2016;33(Supl. 3):1-3]
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Abstract

Introduction: Data on hydration status in older adults are scarce and there
are very few studies focusing on the impact of physical activity (PA) on drinking
behavior.

Objective: To assess the impact of physical activity and sedentarism on fluid
intake in Spanish elderly.

Methods: 433 non-institutionalized Spanish older adults (58% females), aged
55-88 years, volunteered for the PHYSMED study. PA data were obtained by means
of the Minnesota and EXERNET questionnaires. Population was divided into four
groups: ILS (inactive and low sedentary), IHS (inactive and high sedentary), ALS
(active and low sedentary) and AHS (active and high sedentary). Serum from fasting
blood samples was analysed for osmolarity.

Results: The mean of total liquid intake was 1,751 = 628 mL/d. Significant
differences were observed for total liquid intake between ILS/ALS and IHS/ALS
(p < 0.001). ALS subjects consumed a higher amount of beverages such as water,
juice, milk, coffee, sport drink, beer, wine and distilled drinks than the other PA
groups. There was a significant difference for water intake between PA groups
(p < 0.01). Serum osmolarity values were within references ranges in all subjects,
and there was a significant difference between PA groups (p < 0.01).

Gonclusions: Spanish older adults meet the DACH recommendations set by the
German, Austrian and Swiss nutrition societies’ liquid intake recommendations
in the mean independently of PA and sedentary level. All participants are within
reference ranges of serum osmolarity. Subjects in the active and low sedentary
group consumed higher amounts of water and other beverages than in the other
PA groups.

Key words: Beverages. Water intake. Physical activity. Elderly. Sedentary lifestyle.

INTRODUCTION

Quantification of water and beverage intake is an emerging
topic in nutritional sciences as the optimal functioning of our body
requires a proper hydration level (1,2). Likewise, water intake

and hydration status have recently gained attention as one of the
many and potentially manageable factors associated with disease
development and wellbeing (3). Water is an essential nutrient for
human body and major key to survival (4).

However, the current lack of a hydration assessment gold stan-
dard greatly impedes attempts to link water intake and negative
health outcomes as well as to make public dietary guidelines (5,6).
The questions “what do you drink”, “how much do you drink per
day” and “how much fluids do you drink” are frequently omitted
in the common dietary questionnaires, and recommendations for
beverage intake are, or were until recently, missing in most “food
pyramids” (7,8).

Maintaining an adequate fluid balance is an essential compo-
nent of health at every stage of life, especially in elderly population
since older adults are at higher risk of developing dehydration for
various physiological reasons (7). Moreover, in elderly individuals,
adequate fluid consumption has been associated with fewer falls,
lower rates of constipation and laxative use, as well as better reha-
bilitation outcomes in orthopedic patients (9-11). Also, dehydration
can precipitate emergency hospitalization and increases the risk
of repeated hospitalizations (12).

Elderly may frequently meet difficulties in gaining access to
beverages due to decreased mobility, visual problems, swallowing
disorders, cognitive alterations, use of drugs and fear of inconti-
nence (7). Numerous factors such as high ambient temperature
and humidity levels, heat stress and physical activity can influence
water needs (13). Therefore, adequate intake of fluids must be
increased in relation to these conditions (1). High temperature and
humidity also might provoke exacerbated dehydration, but there
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is limited information about the effects of seasonality and climate
on water intake (14).

The benefits of regular physical activity (PA) on health and
disease prevention are well recognized (15). PA reduces both
morbidity and mortality and can minimize the physiological effects
of an otherwise sedentary lifestyle increasing the active lifespan
(16,17). On the other hand, prolonged sitting has emerged as a
risk factor for early mortality and has deleterious health effects.
Nevertheless, sedentarism has not been included in the past in
studies about physical activity (17). In spite of the powerful ben-
efits of PA and optimal hydration status, there are only a few
studies analysing together fluid intake, PA and sedentarism in
elderly population. Hence, these parameters are a key point to
define public health recommendations.

The aim of this study was to assess the impact of physical
activity and sedentarism on fluid intake in Spanish older adults.

METHODS

STUDY DESIGN, SAMPLE AND ETHICS

The present study was based on a cross-sectional multicenter
study aiming at identifying cardiovascular risk factors in sedentary
and active elderly subjects. The survey was conducted from April
2013 to May 2014 in Madrid and Majorca (Spain). Participants
were voluntaries recruited at health centers, sport federations,
sport facilities and municipal clubs located at Madrid and Majorca.
Atotal of 433 subjects, 186 male (43%) and 247 females (57%)
aged 55 to 88 years old were included in this study. The exclusion
criteria were age under 55, being institutionalized, suffering from
a physical or mental illness that would have limited their partici-
pation in the physical fitness tests or their ability to respond to the
questionnaires, or drug intake for clinical research.

All measurements at each institution were conducted accord-
ing to the survey protocol. The study was performed according
to the principles established in the Declaration of Helsinki and
approved by the Ethical Committee of the Technical Universi-
ty of Madrid. Written informed consent was obtained from all
participants.

HYDRATION QUESTIONNAIRE

A hydration questionnaire was developed by the Research
Group based on food-frequency and eating habits questionnaires
published in the literature (18,19), taking into account the modern
beverage market.

The questionnaire is divided into two parts. The first part
includes questions about the different types of fluids consumed
one day before the questionnaire was filled out. The second part
records the fluid intake during a normal week for each beverage
type. The beverages included were: water, juice, soft drinks, diet
drinks, milk, shake, coffee, tea or infusions, sport drinks, beer,
wine and distilled drinks.
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PHYSICAL ACTIVITY AND SEDENTARISM
ASSESSMENT

PA was assessed by means of two validated self-reported ques-
tionnaires; the Minnesota Leisure Time Physical Activity Ques-
tionnaire measuring the activity during the previous year, and the
EXERNET questionnaire, both of them validated for the Spanish
population (20-22).

The Minnesota questionnaire includes diverse physical activities
and participants are asked about PA duration, weekly and monthly
frequencies. Time for each activity was expressed in minutes per
day (min/d). On the other hand, the Exernet Questionnaire included
four questions about regular physical activity duration, time spent
walking, time spent doing housework and time spent sitting per
day. All questions were bounded and answers included six options
which were classified as less than 1 hour, between 1 and 2 hours,
between 2 and 3 hours, between 3 and 4 hours, between 4 and
5 hours and more than 5 hours. The only exception was for regular
physical activity duration. All activities were recorded in min/day.

In order to compare between different levels of PA and sed-
entarism, our population was classified in 4 groups: inactive and
low sedentary (ILS), inactive and high sedentary (HS), active and
low sedentary (ALS) and active and high sedentary (AHS) taking
into account cluster analyses set by Aparicio-Ugarriza et al. (23).

SERUM OSMOLARITY

Fasting blood samples were collected from each participant by
standard venipuncture on vacuum Vacutainer® tubes in Madrid
and Palma (Majorca), at the biochemical laboratory of the High
Sports Gouncil, Madrid, Son Espases Hospital and University of
the Balearic Islands, Palma (Majorca), respectively. Serum was
separated in 1 mL eppendorfs and was processed to analyse
osmolarity using an osmometer Osmo Station OM-6050 (Menarini
Diagnostics, Florence, Italy, CV < 1%).

STATISTICAL ANALYSIS

Descriptive values are shown as mean =+ standard deviation.
One-way ANOVA was performed to analyse the differences
between serum osmolarity, total liquid intake and beverages con-
sumption and post hoc analyses were conducted with Bonferroni
adjustment according to the PA and sedentarism groups (ALS,
AHS, IHS and ILS).

Al analysis were performed using the Statistical Package for Social
Science software (SPSS, version 21.0;SPSS, Chicago, IL, USA) and
values of p < 0.05 were considered to be statistically significant.

RESULTS

Table I includes descriptive characteristics of the sample split
by sex. Males were heavier and taller than females (p < 0.01) and
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Table I. Descriptive characteristics of the study sample'?
Male (n = 186) Female (n = 247) P
Age (years) * 65.4 + 6.6 67.5+6.6 <0.01
Height (cm) * 170.2 £ 6.6 156.6 £ 5.6 <0.01
Weight (kg) * 79.9+10.8 65.4+10.4 <0.01
BMI (kg/cm?) * 275+ 31 26.7 +4.3 <0.05
City?
Madrid 78 (49.1) 122 (49.4) NS,
Mallorca 108 (58.1) 125 (50.6)
Serum osmolarity (mOsm/L)* 289.25 + 5.25 289.17 + 4.46 N.S

Ugarriza et al.

'Results are expressed as follows: *mean + SD; n (%).

%Significant differences between sex by one way ANOVA test. N.S.: non significant.

had a higher BMI (p < 0.05). No differences by sex were observed
for mean serum osmolarity.

Figure 1 shows serum osmolarity according to PA groups. All
subjects were within reference ranges of serum osmolarity and
significant differences were found between PA groups (p < 0.01).
After Bonferroni’s adjustment, there was a significant difference
between IHS and ALS (p < 0.05). The mean higher serum osmo-
larity was obtained for ALS group (290.97 mOsm/L).

Figure 2 shows the mean (+ SD) total liquid intake per day
consumed according to PA groups. The ALS group and AHS group
consumed 2,056.2 + 679.6 mL/d and 1,899.9 + 633.4 mL/d,
respectively. On the other hand, the mean of total liquid intake was
1,647.8 +569.4 mL/d for ILS group and 1,647.5 = 597.2 mL/d
for IHS group. There were significant differences between ALS and
ILS groups and also between ALS and IHS groups (p < 0.001).

Figure 3 shows the mean beverage consumptions per day
divided by PA groups. Water was the beverage most consumed
for all PA groups and there were significant differences between
them (p < 0.01). ALS drank more beverages such as water, juice,

milk, coffee, sport drink, beer, wine and distilled drinks than the
other PA groups. Significant difference was only observed for
water between PA groups (p < 0.01). Moreover, AHS showed a
trend to consume more soft and light soft drinks, shake and tea
than the other PA groups (non-significant values).

DISCUSSION

The results from this cross-sectional study indicated that the
mean of total liquid intake in our sample was high (1,751.3 mL/d,
data are not shown) compared with the DACH recommendations
set by the German, Austrian and Swiss nutrition societies (DACH)
(1,310 mL/d) (24). The ALS group consumed significantly higher
amounts of water (p < 0.01) and showed a trend of high con-
sumption of other fluids (NS) than the other PA groups. There were
differences (p < 0.01) in serum osmolarity between PA groups.
However, despite these differences, all subjects were within serum
osmolarity reference ranges.
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Figure 1. Figure 2.

Serum osmolarity divided by PA groups. Horizontal lines represent serum osmolarity
reference ranges limits. “a significant difference (level set at p < 0.05) between inac-
tive and high sedentary and active and low sedentary after Bonferroni’s adjustment.

Mean (+SD) total liquid intake/day (mL/d) according to PA groups. ***a,b significant
differences (level set at p < 0.001) between inactive and high sedentary and
active and low sedentary.
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Figure 3.

Mean beverage consumptions/day divided by PA groups. **Significant differences (p < 0.01) between PA groups for water.

There is no consensus in the literature regarding water and
beverage intake recommendations. We compared to the DACH
recommendations because they split recommendations into water
from beverages and from food specifically for people aged over
65 years. In contrast, the World Health Organization in 2005
(25) recommended 2.2 L/d and 2.9 L/d for females and males,
respectively. The European Food Safety Authority in 2010 (26)
established 2 L/d for females and 2.5 L/d for males as the total
water intake without differentiating into water from food and bev-
erages. Other authors consider that the minimum water intake
for drinking water and beverages must range from 1.5-1.8 L/d,
although some adaptations are established depending on age,
sex and medications (7).

Likewise, the best way of measuring hydration in humans is still
a general controversy (27) because there are different methods
such as estimates of water balance (thirst rating, total water intake
and output or body weight changes), hydration markers (plasma or
urine osmolarity) and total body water measurements by bioelec-
trical impedance or isotope dilution (28). In our study, we measured
serum osmolarity as it is closely controlled and rarely varies by
more than 2% around a set point of 280-290 mOsm/L (1). Accord-
ing to Jequier et al. (1), a basal mean value of 287 mQOsm/L is
maintained in well-hydrated individuals. In our sample, the mean of
serum osmolarity levels was 289 mOsmy/L for both sexes, though a
significant difference was obtained between PA groups (p < 0.01).

On the other hand, in our study, water was the beverage most
consumption in all PA groups and a significant difference was
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obtained between them (p < 0.01) followed by light soft drinks.
In their study, Zizza et al. (29) found that water was the most
consumption, followed by coffee. De Francisco et al. (30) observed
that people with high PA levels drank more fluids compared with
those with low PA levels. We found the same patterns in our study
since both active groups (ALS and AHS) had higher intakes than
both inactive groups.

Furthermore, we found that ALS subjects drank higher amounts of
water, juice, milk, coffee, sport drinks, beer, wine and distilled drinks
than the other PA groups. Additionally, AHS consumed more Soft
and light soft drinks, milk shakes and tea than the other PA groups.

STRENGTHS AND LIMITATIONS

This study has several strengths. One of them was the use of
clusters. Clustering of activities produces an alternative approach
to summarizing physical activity participation and may provide
a helpful methodological development when questionnaires are
used to assess physical activity. An additional strength was the
use of a specific hydration questionnaire in order to obtain reli-
able data on water and beverage intake. Moreover, the sampling
procedure and the strict standardization of the field work among
the cities involved in the study avoided to a great extent the kind
of confounding bias.

On the other hand, this study has also several limitations. First,
it is directly related to the intrinsic nature of the Exernet Ques-



tionnaire, in which for several questions only closed answers
were available and also for the subjectiveness of the physical
activity and sedentary questionnaires. Secondly, our study has a
cross-sectional design, therefore impeding the determination of
cause-effect relationships.

CONCLUSIONS

The mean of Spanish older adults meets DACH liquid intake
recommendations independently of physical activity and sedentary
level; furthermore, all participants are within reference ranges of
serum osmolarity. Subjects in the active and low sedentary group
consumed higher amounts of water and other beverages than in
the other PA groups. Physical activity and sedentarism should be
considered to obtain a holistic approach to beverage intake and
hydration status in future researches. Additionally, longitudinal
studies are needed in order to establish behavior patterns.
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Abstract

Introduction: Malnutrition is a serious and relatively common problem among
hospitalized patients; moreover, it is known that a good hydration state contributes
to health and wellbeing.

Objective: The aim of this study was to determine the relationship between
nutritional status, functional dependency, quality of life and liquid-intake habits in
malnourished patients after hospital discharge.

Methods: Cross-sectional descriptive study in 91 patients (45 males) who pre-
sented malnutrition at hospital discharge. The patients were grouped according
to their liquid intake estimated through the Mini Nutritional Assessment question-
naire: 3-5 glasses (n = 42), and > 5 glasses (n = 46); removing from analysis
< 3 glasses of liquid intake (n = 3). The body mass index, weight, Malnutrition
Universal Screening Tool (MUST), functional dependency (Barthel questionnaire),
and quality of life (Short Form 12 Health Survey [SF-12]) were assessed 2-months
after discharge.

Results: The > 5 glasses liquid intake group showed better nutritional status
than the 3-5 glasses intake group, for weight (p < 0.001), body mass index
(p = 0.001), and MUST scale (p = 0.020). Additionally, the > 5 glasses liquid
intake group significantly scored higher values in the total SF-12 questionnaire
(p = 0.013), presenting better self-reported quality of life, and higher functional
independency in the Barthel index (p = 0.037) than the 3-5 glasses liquid intake
group (p = 0.013).

Conclusions: Although further research is needed to elucidate the characteristics
of this relationship, descriptive comparisons between groups showed favorable
nutritional status, functional independency and quality of life for the > 5 glasses
of liquid intake compared with the 3-5 glasses of liquid intake group during a
2-months follow-up.

Key words: Dependency. Quality of life. Nutritional status. Malnutrition. Hydration.

INTRODUCTION

ly in Spain (2). Therefore, a considerable number of well-nourished
patients at the hospital admission can return to the communi-
ty with malnutrition, making necessary its detection and home
follow-up to improve their health. In this line, the health relat-
ed quality of life of malnourished patients at hospital discharge
can be impaired, as it has been reported in a group of Spanish
patients (3). This population showed an increased risk of morbidity
and mortality compared to their peers (4,5), requiring prolonged
hospital stays and a higher number of readmissions (6); thereby
increasing even more their malnutrition risk.

Although the interest on these facts has increased in recent
years, and consensus on the approach to hospital malnutrition in
Spain has been published (7), there is a lack of studies assessing
the hydration status in malnourished patients. It is known and gen-
erally accepted that a good hydration state contributes to health
and wellbeing; hence, the effect of hydration habits on health of
malnourished patients can be useful information for healthcare
practice. Specially, if we take into account that the liquid intake
of the Spanish population is below the recommended levels (8).

Thus, assessing the nutritional status according to liquid-intake
habits in malnourished patients after hospital discharge, and its
impact on quality of life and dependency, could be interesting
factors for the health clinic practice and follow-up.

OBJECTIVES

Malnutrition is a serious and relatively common problem among
hospitalized patients; moreover, this health risk increases during
hospitalization (1), a fact that has been widely reported, specifical-

The aim of the present study was to assess differences in body
mass index (BMI), weight, malnutrition status, dependency and
quality of life according to liquid-intake habits of malnourished
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patients after hospital discharge during a 2-month home fol-
low-up.

METHODS

DESIGN

This was a cross-sectional descriptive study, conducted at the
healthcare district of Malaga-Guadalorce, Spain. The nutritional
status, dependency and self-reported quality of life levels were
assessed in malnourished patients 2 months after hospital dis-
charge, and compared by their liquid-intake habits (2 groups). The
present study was approved by the Research Ethics Committee
of the Malaga Healthcare District and was in accordance with the
Declaration of Helsinki.

PARTICIPANTS

Atotal of 88 patients (44 males and 44 females), aged 72.3 +
11.84 years old, were included in the study. After the participants
were informed about the procedure and possible risks involved,
written informed consent was obtained from all participants. The
inclusion criteria were the following: a) hospitalization; b) medi-
um-high risk of malnutrition on the MUST scale; c) older than 18
years; d) willingness to participate in the study and signing of the
informed consent form; and e) resident of the geographical area
corresponding to the participating health center. The exclusion
criteria consisted of having undergone any of the following during
hospitalization: a) treatment with oral food supplements, enteral or
parenteral nutrition; b) treatment with chemotherapy or radiation
therapy; and ¢) malabsorption syndrome.

PROCEDURES

Screening was conducted to determine the patient eligibility
during hospitalization by using the Nutritional Filter (Filtro Nutricio-
nal, FILNUT) (9) computer program. If the presence of a significant
risk was detected, we proceeded with the assessment of each
patient using the Malnutrition Universal Screening Tool (MUST)
(10). If a medium-high risk of malnutrition was detected through
the MUST, the patient was offered the opportunity to join the study
provided they were not undergoing treatment with dietary sup-
plements or enteral or parenteral nutrition. The patient was then
informed of the study and asked for his/her informed consent.

After a 2-month follow-up, the 91 patients filled out the Mini
Nutritional Assessment (MNA) questionnaire, in Spanish language
(11). One item of the MNA is able to classify 3 categories accord-
ing to the number of glasses of liquid intake: a) < 3 glasses; b) 3-5
glasses; and ¢) > 5 glasses of liquid per day. Of the 91 patients,
only 3 were included in the < 3 glasses of liquid intake group; as
the sample size does not provide enough statistic power, the 3
mentioned participants were excluded of the analysis. Therefore,
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88 patients were finally included in the study classified into two
categories: the 3-5 glasses of liquid intake group consisted of
42 patients, while the > 5 glasses intake group consisted of 46
patients.

The nutritional state was again assessed through the MUST,
additionally, weight and BMI, calculated as weight (kg)/height(m)?,
were recorded as nutritional state indicators. The participants’
height and weight were recorded both in the morning, between 8
am and 10 am. The degree of functional independency in daily life
activities was assessed by using the Barthel index in its Spanish
version (12). The patient perceived quality of life was assessed
using the Spanish version of the Short Form 12 Health Survey (SF-
12) (13), which provides 3 scores: physical component, mental
component, and total score (the sum of both components).

STATISTICS

Data are expressed as mean = standard deviation. After the
normality of distribution was proven through the Kolmogor-
ov-Smirnov test, dependent variables were compared by the
liquid-intake habits (> 5 glasses or 3-5 glasses) by using the
Student’s t test. The level of significance was set at p < 0.05.
All statistical analysis were performed using the SPSS package.

RESULTS

The > 5 glasses liquid intake group showed better nutritional
status than the 3-5 glasses intake group, with statistically sig-
nificant differences for weight, BMI, and MUST scale. The group
with higher liquid intake habits also presented a higher functional
independency than the group who drunk from 3 to 5 glasses per
day, assessed through the Barthel index. Additionally, the > 5
glasses liquid intake group significantly scored higher values in
the total, physical and mental SF-12 questionnaire components,
presenting better self-reported quality of life than the 3-5 glasses
liquid intake group (Table I). The groups did not present differences
by sex or age.

DISCUSSION

The main results of this study are the statistically significant
differences between groups for their nutritional status (BMI and
MUST), dependency (Barthel index) and quality of life (SF-12) lev-
els in favor of the patients who drunk a higher number of glasses
of liquids. Patients presented protein malnutrition at hospital dis-
charge and the assessment was performed 2 months later. There-
fore, these results stand out the relevance of adequate patient
follow-up, the role of case manager nurses, and the communi-
cation and collaboration of the hospital and Primary Care, since
patients’ habits during follow-up were associated with health dif-
ferences. In this sense, some malnutrition approaches have been
previously reported; for example, dietary counseling seems to be
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Table I. Differences in nutritional status, dependency and quality of life according to the
liquid intake habits of patients who presented malnutrition at hospital discharge

Liquid intake habits 3-5 glasses > 5 glasses p values
Weight (kg) 60.8 (2.08) 70.3(1.6) < 0.001
Body mass index (kg/m?) 23.9(0.58) 26.5 (0.54) 0.001
MUST scale 0.88(0.16) 0.39(0.11) 0.020
Barthel index 72.4(4.09) 82.1(3.12) 0.037
SF-12 total score 43.7 (2.39) 52.8 (2.55) 0.013
SF-12 physical component 39.4 (2.29) 48.1 (2.55) 0.013
SF-12 mental component 48.1 (2.61) 57.5(2.61) 0.013
N 42 46

Data are expressed as mean (Standard deviation). MUST: Malnutrition Universal Screening Tool; SF-12: Short Form 12 Health Survey.

an effective strategy for improving nutritional status, quality of
life and functional dependency of malnourished patients (14,15).
Nevertheless, the impact of hydration counseling on health has
not been properly analyzed yet, and little information is available
regarding malnourished patients (16).

In our study, health related quality of life was positively associ-
ated with hydration; however, to the best of our knowledge, infor-
mation about this possible relationship in malnourished patients
has not been published yet. The patients’ SF-12 score mean was
similar to the Spanish mean in the > 5 glasses of liquid intake
group, whereas the 3-5 glasses of liquid intake group showed a
SF-12 mean significantly lower than reference values (13). The
SF-12 is useful in describing overall community health status and
testing clinical improvement during home follow-up (17). Accord-
ingly, 2 months after hospital discharge, patients with liquid-intake
habits from 3 to 5 glasses a day showed an impaired health-re-
lated quality of life and their assessment when returning to the
community is convenient.

Quality of life and functional independency are closely related;
specifically, the Barthel index evaluates the capacity to carry out
basic daily activities. The participants’ index means corresponded
with @ moderate dependency (18), although the 10 points of differ-
ence between groups might affect independency for drinking. This
difference can be explained by a malnutrition-induced muscle loss
since groups differed by nutritional state. Thereby, the possible
relationship between functional dependency, quality of life and
hydration in hospitalized patients could be a new research focus
with impact on the clinic practice and the patient’s wellbeing.

Additionally, hospital care should include the use of MUST to
screen nutritional status of hospitalized patients, since it provides
great reliability, reproducibility and simplicity (19). According to our
data, 32 patients presented moderate risk of malnutrition in the
MUST scale (score > 1), which means that 34.6% of malnour-
ished patients at hospital discharge keeps still under malnutrition
risk after 2 months of their returning to the community. Hence, if
malnutrition is detected during hospitalization, the use of MUST
in Primary Care follow-up is recommended, especially in more
vulnerable patients, such as old-people (e.g., over 75 years). In
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this population, the risk of malnutrition is positively related to the
number of chronic diseases and the social risk (20), and, addi-
tionally, they are under dehydration risk (21), making it difficult to
discriminate between protein/caloric malnutrition and dehydration
impacts on health. Thus, a significant limitation of our study is the
fact that we cannot establish a cause-effect relationship between
liquid intake habits and nutritional status, dependency and quality
of life; we can just establish certain associations. Therefore, it is
necessary to obtain further scientific evidence about the impact of
different hydration strategies on the patients’ health from random-
ized clinical trials, after these modest results from cross-sectional
design have been presented and the lack of relevant scientific
information has been highlighted.

To sum up, liquid-intake habits are related to nutritional sta-
tus, quality of life and dependency in malnourished patients at
hospital discharge during a 2 months follow-up, although further
research is needed to elucidate the characteristics of this relation-
ship. In our sample, most patients drunk more than 3 glasses a
day (96.70%), while a similar percentage of patients were in the
MNA questionnaire category corresponding to the > 5 glasses (46
patients) or in the 3-5 glasses (42 patients) of liquid intake a day.
Comparisons between groups showed favorable nutritional status,
functional independency and quality of life for the > 5 glasses of
liquid intake group, reporting preliminary findings that can boost
the development of clinical trials on this topic.
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Abstract

Introduction: Accurate estimates of water intake and hydration status in pop-
ulations are essential to identify populations at risk of dehydration and define
strategies to improve standards of water intake.

Objective: To evaluate the hydration status and the contribution of food and
beverages to the total water intake in a sample of free-living physically active
Portuguese elderly.

Methods: A sample of 74 individuals (28 men), aged 60 to 83 years, were
included in this study. A 24 h urine sample was collected; 24 h urine volume
and osmolality were quantified in order to estimate the free water reserve (FWR)
used to assess the hydration status. A 24 h food recall corresponding to the day
of urine collection was obtained. Food and beverages were grouped according
to their nutritional composition, namely water content. The contribution of those
groups to total water intake and its association with the hydration status were
estimated. Urinary markers and food groups’ contribution to total water intake
were compared between sexes and according to the median FWR, using the
t-test and Mann Whitney test.

Results: Less than 10% of the participants were classified as hypohydrated/at
hypohydration risk. Water from food was nearly half of the total water intake (47%
in females and 48% in males, p = 0.757). “Water” (22%) and “foods with reduced
water content” (19%) were the groups that contributed the most to the total water
intake in women and men, respectively. In men, the contribution of “alcoholic bev-
erages” was significantly higher than that of women (10.5% vs1.7%, p < 0.001).

Conclusions: Even though most of the study participants were classified as euhy-
drated, the contribution of water-rich and nutritionally dense food, and non-alco-
holic beverages, particularly in men, should be promoted.

Key words: Hydration status. Water sources. Elderly. Free water reserve.

INTRODUCTION

Water is an essential element for the functioning of the body (1),
thus maintaining an adequate state of hydration is an important
determinant of human health (2). Water is required for a wide
range of physiological functions, such as metabolic transport, tem-
perature regulation, maintenance of circulatory volume, cellular
waste disposal, and as a solvent in organic reactions (3).

The human body has several mechanisms to regulate water
content, which operate simultaneously to maintain the balance
between gains and losses. This adjustment depends on hypotha-
lamic mechanisms to control thirst, antidiuretic hormones, the
kidneys ability to retain or excrete water as well as water loss by
respiration and perspiration (4).

Although the elderly present fluid intake needs similar to those
described in young adults, older individuals are exposed to a higher
risk of dehydration when compared to younger adults. In fact, the
aging process is associated with various physiological changes,
including the decrease in perception of thirst and consequent
insufficient water intake, loss of muscle mass and changes in renal
function (5-9). Older individuals may also show an increased loss of
liquids via infection, dementia, diuretics, etc. (2,10). Furthermore,
according to Godfrey et al. (2012), some factors can contribute
to reducing water intake in older people, such as fatigue, lack of
pleasure associated with eating and the fear associated with urine
incontinence or the need to urinate frequently (11).

Even mild dehydration is slight, defined by a loss of 1% to 2%
of body weight, it affects physical performance and cognition,
particularly in the elderly and children (12,13). For the elderly,
dehydration is the most common electrolyte disorder and is a
common cause of hospitalization (7,8).

The consequences of acute dehydration are well described. It
evolves over a short period and can trigger low blood pressure,
loss of consciousness, seizures, coma and even death if water
loss reaches about 8% (14). In contrast, although associated with
an increased risk of diseases such as urolithiasis, constipation,
urinary tract infections, headaches and kidney dysfunction (15),
mild chronic dehydration has not been sufficiently studied from a
long-term perspective.

Although there is no universally accepted method for mea-
suring hydration status (HS), various procedures, such as the
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evaluation of fluid losses by variation of body weight, blood
markers, urinary markers, electrical bioimpedance (16) and
physical signs, have been used (17). Some authors argue, how-
ever, that the free water reserve (FWR) is the most appropriate
marker to characterize hydration of individuals in a 24 hour
period (18,19).

Analyzing water intake is a complex process and is often
omitted in nutritional intake evaluation studies. However, accu-
rate estimates of water intake and HS are essential to identifying
populations at risk of dehydration (20) and in defining strategies
to improve patterns of water intake.

OBJECTIVES

The aim of the present study is to evaluate the hydration status
and the contribution of food and beverages to the total water
intake in a sample of free-living physically active elderly.

METHODS

STUDY DESIGN

This cross-sectional study was approved by the Ethics Com-
mittee of the University of Porto and the National Data Protection
Commission. At the first meeting, all participants received a full
explanation on the purpose of the study and all related proce-
dures. Informed consent was obtained from all participants and
confidentiality was guaranteed. The study took place between
November 2012 and April 2013.

PARTICIPANTS

The study sample included individuals taking part in a phys-
ical activity program at the Faculty of Sport, University of Porto
(FADEUP), and users of a day center. The sample was selected
based on convenience. We invited, by telephone and in-person,
148 people with a minimum age of 60, in stable posture and
functional autonomy, who frequented those institutions. None
of the participants were institutionalized at the time of data
collection.

From the 148 invited elderly, 113 (78%) agreed to participate
(38 men and 75 women), but 39 (10 men) were excluded due to
daily diuretic therapy, cognitive impairment or incomplete urine
collection, according to a creatinine ratio (described in detail
below).

For practical reasons throughout this work, the term “elderly”
was adopted to describe participants that were at least 60 years of
age, in contrast to the more common meaning used to nominate
individuals from the age of 65 (21).

A sample of 74 individuals (28 men), between 60 and 83 years
of age, were included in this study.

A. Gongalves et al.

DATA COLLECTION

A structured questionnaire was used to collect socio-demo-
graphic (age, sex and education), and clinical (medical history and
current medication) data. The IPAQ - International Physical Activity
Questionnaire, validated in Portuguese adults (22) was used to
assess physical activity and to evaluate the cognitive state, the
MMSE — Mini-Mental State Examination (23) was applied.

The collection of anthropometric data (weight and height) was
performed according to standard procedures (24). Weight was
measured using a digital balance (SECA®; range 0.1-150 kg;
precision 100 g) and height was obtained using a stadiometer
(SECA®; range 70-205 cm; precision 1 mm). Body mass index
(BMI) was calculated using the formula: weight/height?. Partici-
pants were categorized according to the reference values of the
World Health Organization (WHO) (25) as underweight (< 18.5
kg/m?), normal weight (18.5-24.9 kg/m?), overweight (25.0-29.9
kg/m?) or obese (> 30 kg/m?). Due to the small number of par-
ticipants classified as “underweight” (n = 2) in this study, the
decision was made to aggregate the two lower BMI classes, for
statistical analysis.

A 24-hour urine sample was collected, after having distributed
flyers illustrating the instructions inherent in the process of col-
lecting urine and then reinforced the explanation orally. In addition,
telephone contact was offered at any time of the day, in order to
clarify questions regarding urine collection. Thus, all participants
were instructed to discard the first urine in the morning and to
collect all the urine over the following 24 hours, including the
first urine of the next morning. The 24-hour urine collection was
stored in individual containers with preserver, and participants
were asked to keep the container refrigerated until delivery time
on the day that urine collection was concluded. All samples were
analyzed at a certified laboratory (LabMED) and the following uri-
nary markers were quantified: urine volume (ml), urinary creatinine
(mg/day) and urine osmolality (mOsm/kg) for 24 hours. Urinary
creatinine was measured by the Jaffe method. The completeness
of the samples was verified by analysis of creatinine excretion in
relation to body weight, using the formula: coefficient of creat-
inine = creatinine (mg/day)/body weight (kg). The presence of
coefficients between 14.4 and 33.6 in men and between 10.8
and 25.2 in women was considered as an acceptable window of
24 urine samples (26).

The HS was evaluated based on the parameter FWR (ml/24 h)
(15,18,27-30), calculated by subtracting 24 hour urine volume
to obligatory urine volume (solutes in urine 24 h [mOsm/day]/
[830-3.4] x [age-20]) and allows for the classification of the 24
hour hydration status (euhydrated vs hypohydrated subjects or at
risk of hypohydration [27]).

Additionally, a 24-hour food recall was applied, corresponding
to the urine collection day. The Portuguese Food guide was used
for the estimation of ingested portions (31). For the conversion
of food into nutrients, including the contribution of water from
food, we used the Food Processor Plus® (ESHA Research, USA).
Although this software uses the Table of Food Composition of the
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United States Department of Agriculture (32), containing raw and/
or processed foods, for this work the nutritional content of food or
typical Portuguese culinary dishes consumed by the sample in this
study has been added to that database, according to the table of
Portuguese food composition (33). For industrial products, when
it was referenced food brands, nutritional information described
on the label of the package was used.

Food and beverage groups were created (Table I) to estimate
the contribution of food groups to total water intake and its asso-
ciation with the hydration status.

STATISTICAL ANALYSIS

Data was analyzed using the statistical program IBM SPSS® Inc.
(version 21.0) for Microsoft Windows®. The Kolmogorov-Smirn-
ov test was used to test the normality of continuous variables.
Descriptive statistics was used to characterize the sample. Cate-
gorical variables were expressed as absolute and relative frequen-
cies, and continuous variables as mean and standard deviations
(mean + standard deviation). The Student’s t-test for independent
samples and the Mann-Whitney test were used to compare car-
dinal variables according to their normality. Chi-squared test was
also used to compare proportions. It was considered as statisti-
cally significant at p < 0.05.

Table I. Food and beverage groups
created to estimate the contribution of
food groups to total water intake

Food groups
Dairy Milk and yogurt
Soup and vegetables: raw,
cooked, canned and frozen
Fresh fruit and canned (no
syrup)
Coffee and barley
Soft drinks including light
versions/diet/zero (carbonated
and non-carbonated), drinks
with sugar (lemonade, iced tea),
flavored drinks, sports drinks,
juices and soy beverages

Food included

Vegetables

Fruits

Coffee, barley

Other drinks

Tea, infusions Tea and infusions

Mineral or spring water, with or
Water without gas, bottled or not, and
tap water

Alcoholic beverages Wine, sangria, beer, spirits

Meat, fish, eggs, cereal, pastries,
potatoes, legumes, fats and
cheese

Other foods
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RESULTS

The general characteristics of the final sample are given in table
II. Participants were mainly female (62.2%) and 70.2 + 5.99 years
of age on average. About half of the sample (56.5% women and
46.4% of men) reported having 4 years, at most, of schooling and
47.8% of women and 53.6% of men had BMI values between
25.0-29.9 kg/m?2. The majority of the sample reported moderate
(30.4% of women and 39.3% of men) and high (54.3% of women
and 39.3% of men) levels of physical activity. Approximately half of
the participants reported having hypertension (57.8% female and
48.1% male) and hypercholesterolemia (51.1% female and 51.9%
male). Kidney failure was reported by a 5.5% of the sample.

Most of the participants were classified as being euhydrated
(91.9%). It was found that urinary parameters analyzed did not
differ significantly between sexes, except for the obligatory urine
volume, which was higher in men (1251.0 ml vs 1013.2 ml in
women, p = 0.001).

Table Il also describes the characteristics of the participants
according to HS (below and above the median FWR), by sex. In
men, age, education, level of physical activity and weight status
were not significantly associated with HS. In turn, women above the
median FWR showed, on average, higher age (72.8 vs67.9 years,
p = 0.010). Al urinary parameters were significantly associated
with hydration status, except for obligatory urine volume, in both
sexes. Osmolality was lower in women and men below the median
FWR (292.6 ml vs512.9 ml, p < 0.001 ml vs573.3 and 334.7 ml,
p < 0.001, respectively, in women and men). On the other hand,
the total urine volume was significantly higher in “better hydrated”
participants (2,299.1 vs 1,364.8 ml, p < 0.001 vs 1,457.9 and
2,507.1 mIml, p < 0.001, respectively, in women and men), sim-
ilar to FWR (1,296.8 ml vs 340.7 ml, p < 0.001 and 1,231.1 ml
v$231.9 ml, p < 0.001, respectively, in women and men).

Total water intake was significantly higher in women who were
above the median FWR compared to those who were below the
median (2,353.3 vs 1,884.3 ml, p = 0.018), with no significant
difference in men (1,999.4 vs 2,417.1 ml, p = 0.198). The con-
tribution of different groups of food and beverages for total water
intake did not differ according to the HS.

Total water intake, considering food and beverages, was 2,153
ml on average, with no differences between sexes The contribu-
tion of water from various groups of food and beverages did not
differ between sexes either, except for “alcoholic beverages”, with
a significantly higher contribution in men (10.5% vs 1.7%, p <
0.001) (Table II).

As shown in figure 1, the contribution of water from food was
approximately half of the total intake of water (47% in females
and 48% in males, p = 0.757). In women, the contribution of
“non-alcoholic beverages” was significantly higher than that of
men (51% vs 42%, p = 0.029).

On figure 2 we can observe the contribution of water intake
by groups of food and beverages, by sex. “Water” (22%) and
“foods with reduced water content” (19%) were the groups that
contributed most to the total water intake in women and men,
respectively.
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Figure 1.
Contribution of food, alcoholic and non-alcoholic beverages, by sex.
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Figure 2.
Contribution of water intake by groups of food and beverages, by sex

DISCUSSION

In this study, total water intake was 2,208 mlin males and 2,118
ml in females. Approximately half of the participants did not reach
the reference values of the European Food Safety Authority - EFSA,
although the difference between mean and reference values was
not statistically significant. When focusing on FWR values, most of
the participants were classified as euhydrated. FWR appears to be
a suitable method for the characterization of HS, given the inclusion
of the maximum capacity of kidney concentration and a margin to
ensure adequate intake of water in almost all healthy individuals
(97%) of a population (27). A limitation of this study was the single
recording period of 24 hours for food and urine collection, which
may not represent an individual’s normal behavior.

The total water intake was 2,153 ml/day on average; in the
same range as the French (2,017 ml/day) (34) and German
(2,334 ml/day) senior population (27), but less than the observed
in the United States of America (2,650 ml/day) (35). However, it
is important to consider the methodological differences in data
collection across countries (36). It is also important to note that we
have a convenience sample, avoiding the extrapolation of results
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for all non-institutionalized elderly. The study sample appears to
be a special group with regard to water intake, possibly because
itis a group of seniors who voluntarily attend an exercise program.
That, by itself, can be understood as a group of people with specif-
ic characteristics regarding physical, cognitive and social factors.
A study by Chidester et al. assumes that the non-institutionalized
elderly are generally healthy and have easy access to a variety of
drinks. The same study showed that institutionalized and depen-
dent elderly are generally weaker and have a more limited access
to beverages, hence at greater risk of dehydration (37).

The contribution of water from various groups of food and bev-
erages did not differ between sexes, except for “alcoholic bever-
ages”. This contribution was significantly higher in men; almost
half exceed alcoholic drinking recommendations, so, in part, the
contribution of alcoholic beverages should revert to non-alcoholic
drinks or water rich-foods, because, although the regular con-
sumption of alcohol can reduce diuretic effects, a high consump-
tion can be harmful to health (38). In women, the contribution of
“non-alcoholic beverages” was significantly higher than in men.
The same trend was observed in a study conducted in 2009 on
a representative sample of the Portuguese adult population, in
which women reported a higher intake of water, dairy products,
tea and coffee, while men reported consuming a higher amount
of alcohol (39).

“Water” and “foods with reduced water content” were the
groups that contributed most to the total water intake in women
and men, respectively. In this way, it is important to promote the
consumption of non-alcoholic drinks and foods with a high water
content, such as fruit and vegetables, to ensure adequate HS, in
addition to other nutritional gains.

Even within the elderly, there appears to be differences in
hydration parameters. Vivanti et al. reported that the elderly, aged
85 to 99, were six times more likely to be admitted to a hospital
with dehydration in comparison to those aged 65-69 (40); this
finding can be explained by the perception and response to stim-
ulation of thirst (41). In addition, it was reported that from the age
of 65, there is a decrease in water intake among the elderly (42).
Although the importance of age in hydration studies is well known,
we did not obtain data stratified by age, given the limited sample
size. We found, however, that women classified above the median
FWR were older than others.

CONCLUSIONS

Although most of the study participants were classified as
euhydrated, the contribution of water-rich and nutritionally dense
food, and non-alcoholic beverages, particularly in men, should
be promoted.

DECLARATION OF INTEREST

P.P. was a member of the Scientific Board of the Institute of
Hydration and Health between 2008 and 2015.



18

REFERENCES

1.

2.

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21,

22.

Millard-Stafford M, Wendland DM, 0’Dea NK, Norman TL. Thirst and hydration
status in everyday life. Nutr Rev 2012;70:5147-S51.

Popkin BM, D’Anci KE, Rosenberg IH. Water, hydration and health. Nutr Rev
2010;68(8):439-58.

. Jequier E, Constant F. Water as an essential nutrient: The physiological basis

of hydration. Eur J Clin Nutr 2009;64(2):115-23.

. Armstrong LE, Johnson EC, Munoz CX, Swokla B, Le Bellego L, Jimenez L, et

al. Hydration biomarkers and dietary fluid consumption of women (Research
Support, Non-U.S. Gov't). J Acad Nutr Diet 2012;112(7):1056-61.

. Kenney WL, Chiu P. Influence of age on thirst and fluid intake. Med Sci Sport

Exer 2001;33(9):1524-32.

. Schols JM, De Groot CP, Van der Cammen TJ, Olde Rikkert MG. Preventing

and treating dehydration in the elderly during periods of illness and warm
weather. J Nutr Health Aging 2009;13(2):150-7.

. Michaud DS, Spiegelman D, Clinton SK, Rimm EB, Curhan GC, Willett WC,

et al. Fluid intake and the risk of bladder cancer in men. New Engl J Med
1999;340(18):1390-97.

. Mentes JC, Culp K. Reducing hydration-linked events in nursing home resi-

dents. Clin Nurs Res 2003;12(3):210-25.

. Bennett JA, Thomas V, Riegel B. Unrecognized chronic dehydration in

older adults: Examining prevalence rate and risk factors. J Gerontol Nurs
2004;30(11):22-8;quiz 52-3.

Jun YH, Nahm CH, Choi JW. Associations between body hydration status
and serum markers of apoptosis in elderly persons. Ann Clin Lab Sci 2008;
38(1):88-91.

Godfrey H, Cloete J, Dymond E, Long A. An exploration of the hydration care
of older people: A qualitative study. Int J Nurs Stud 2012;49(10):1200-11.
Masento NA, Golightly M, Field DT, Butler LT, Van Reekum CM. Effects of
hydration status on cognitive performance and mood. Br J Nutr 2014;111(10):
1841-52.

Kleiner SM. Water: An essential but overlooked nutrient. J Am Diet Assoc
1999;99(2):200-6.

Panel on Dietetic Products Nutrition and Allergies. Scientific Opinion on Die-
tary Reference Values for water. EFSA J; 2010

Alexy U, Cheng G, Libuda L, Hilbig A, Kersting M. 24h-sodium excretion and
hydration status in children and adolescents - Results of the DONALD Study.
Clin Nutr 2012;31(1):78-84.

Rodrigues S, Silva J, Severo M, Inécio C, Padrdo P, Lopes C, et al. Valida-
tion analysis of a geriatric dehydration screening tool in community-dwe-
lling and institutionalized elderly people. Int J Environ Res Public Health
2015;12(3):2700-17.

Shimizu M, Kinoshita K, Hattori K, Ota Y, Kanai T, Kobayashi H, et al. Physical
signs of dehydration in the elderly. Intern Med 2012;51(10):1207-10.
Manz F, Wentz A. 24-h hydration status: Parameters, epidemiology and
recommendations. Eur J Clin Nutr 2003;57(52):510-8.

Shirreffs SM. Markers of hydration status. Eur J Clin Nutr 2003;57(52):S6-9.
Perrier E, Vergne S, Klein A, Poupin M, Rondeau P, Le Bellego L, et al. Hydration
biomarkers in free-living adults with different levels of habitual fluid consump-
tion (Research Support, Non-U.S. Gov't). Br J Nutr 2013;109(9):1678-87.
World Health Organization. Definition of an older or elderly person. http://
www.who.int/healthinfo/survey/ageingdefnolder/en/.

Craig CL, Marshall AL, Sjostrom M, Bauman AE, Booth ML, Ainsworth BE,
et al. International physical activity questionnaire: 12-country reliability and
validity. Med Sci Sport Exer 2003;35(8):1381-95.

23.

24.

25.

26.

27.

28.

29.
30.

31.

32.
33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

A. Gongalves et al.

Guerreiro M, Silva AP, Botelho MA, Leitdo O, Castro-Caldas A, Garcia C. Adap-
tacdo a populagao portuguesa da traducdo do Mini Mental State Examination
(MMSE). Revista Portuguesa de Neurologia 1994;1(9):9-10.
Sanchez-Garcia S, Garcia-Pefia C, Duque-Ldpez MX, Juérez-Cedillo T, Cor-
tés-Nufiez AR, Reyes-Beaman S. Anthropometric measures and nutritional
status in a healthy elderly population. BMC Public Health 2007;7:2-2.
World Health Organization. Obesity: Preventing and managing the global epi-
demic. Report of a WHO Consultation (WHO Technical Report Series 894).
WHO; 2000. p. 252.

Polonia J, Maldonado J, Ramos R, Bertoquini S, Duro M, Aimeida C, et
al. Estimation of salt intake by urinary sodium excretion in a Portuguese
adult population and its relationship to arterial stiffness. Rev Port Cardiol
2006;25(9):801-17.

Manz F, Johner SA, Wentz A, Boeing H, Remer T. Water balance throu-
ghout the adult life span in a German population. Br J Nutr 2012;107(11):
1673-81.

Stahl A, Kroke A, Bolzenius K, Manz F. Relation between hydration status in
children and their dietary profile - Results from the DONALD study. Eur J Clin
Nutr 2007;61(12):1386-92.

Manz F, Wentz A, Sichert-Hellert W. The most essential nutrient: Defining the
adequate intake of water. J Pediatr 2002;141(4):587-92.

Manz F, Wentz A. The importance of good hydration for the prevention of
chronic diseases. Nutr Rev 2005;63(6 Pt 2):S2-5.

Rodrigues SSP, Franchini B, Graca P, De Almeida MDV. A new food guide for
the Portuguese population: Development and technical considerations. J Nutr
Educ Behav 2006;38(3):189-95.

Department of Agriculture United States. Available at: http://www.usda.gov/
wps/portal/usda/usdahome.

Instituto Nacional de Satde Dr Ricardo Jorge. Tabela da Composigéo dos
Alimentos.

Bellisle F, Thornton SN, Hebel P, Denizeau M, Tahiri M. A study of fluid intake
from beverages in a sample of healthy French children, adolescents and
adults. Eur J Clin Nutr 2010;64(4):350-5.

Kant AK, Graubard BI, Atchison EA. Intakes of plain water, moisture in foods
and beverages, and total water in the adult US population - Nutritional, meal
pattern, and body weight correlates: National Health and Nutrition Examina-
tion Surveys 1999-2006. Am J Clin Nutr 2009;90(3):655-63.

Gandy J. Water intake: Validity of population assessment and recommenda-
tions. Eur J Nutr 2015;54(2):11-6.

Chidester JC, Spangler AA. Fluid intake in the Institutionalized Elderly. J Am
Diet Assoc 1997;97(1):23-8.

Lichtenstein AH, Appel LJ, Brands M, Carnethon M, Daniels S, Franch HA,
et al. Diet and lifestyle recommendations revision 2006: A scientific state-
ment from the American Heart Association Nutrition Committee. Circulation
2006;114(1):82-96.

Padez C PP, Macedo A, et al. Caracterizacéo do aporte hidrico dos portugue-
ses. Nutricias 2009:25-7.

Vivanti A, Harvey K, Ash S. Developing a quick and practical screen to improve
the identification of poor hydration in geriatric and rehabilitative care. Arch
Gerontol Geriatr 2010;50(2):156-64.

Warren JL, Bacon WE, Harris T, McBean AM, Foley DJ, Phillips C. The burden
and outcomes associated with dehydration among US elderly, 1991. Am J
Public Health 1994;84(8):1265-9.

Zizza CA, Ellison KJ, Wernette CM. Total water intakes of communi-
ty-living middle-old and oldest-old adults. J Gerontol A Biol Sci Med Sci
2009;64A(4):481-6.

[Nutr Hosp 2016;33(Supl. 3):13-18]



Nutr Hosp 2016; 33(Supl. 3):19-26 ISSN 0212-1611 - CODEN NUHOEQ SVIR. 318

Nutricion
Hospitalaria

The association between water intake, body composition and cardiometabolic factors

among children - The Cuenca study

Marta Milla-Tobarra'?, Antonio Garcia-Hermoso®, Noelia Lahoz-Garcia?, Blanca Notario-Pacheco?, Lidia Lucas-de la Cruz?,
Diana P. Pozuelo-Carrascosa?, Maria José Garcia-Meseguer* and Vicente Martinez-Vizcaino?®

"Hospital Nuestra Sefiora del Prado. Talavera de la Reina, Toledo. Spain. °Health and Social Research Center. Universidad de Castilla-La Mancha. Cuenca, Spain. 3Sports,
Physical Activity and Health Science Laboratory. Medical Sciences Faculty. Universidad de Santiago de Chile. Santiago, Chile. *Faculty of Nursing. Campus de Albacete.
Universidad de Castilla-La Mancha. Albacete, Spain. °Health Sciences Faculty. Universidad Autonoma de Chile. Talca, Chile

Abstract

Introduction: Beverage consumption and its possible association with current
obesity epidemic and metabolic syndrome is under investigation in recent years,
however water intake is probably the most underestimated of all beverages and
could play an important role.

Objective: The aim of this study was to examine the association between water
intake, body composition and cardiometabolic factors in a sample of Spanish
children.

Methods: A cross-sectional study was conducted in 366 schoolchildren (53.5%
girls) aged 9-11 years from the province of Cuenca in Spain. Data of anthro-
pometrics, body composition, cardiometabolic risk factors and cardiorespiratory
fitness variables were collected. Beverage consumption was assessed using two
non-consecutive 24 h dietary recalls.

Results: We found an inverse association between the consumption of water
(ml)/kg per weight with BMI, body fat, fat-free mass, waist circumference, insulin
levels, HOMA-IR (p < 0.001), and with arterial pressure parameters, systolic (p
< 0.010) and diastolic blood pressure (p < 0.028), and mean arterial pressure
(p < 0.012), as well as direct associations with HDL cholesterol (p < 0.001). In
ANCOVA analyses, children who drank less water (ml)/kg per weight, had higher
levels of LDL cholesterol (p < 0.050) and lower levels of HDL cholesterol (p <
0.042), and overweight-obesity subjects drank less water (ml)/kg per weight than
normal peers (p < 0.011). Besides, children with lower levels of HDL cholesterol
and higher levels of triglycerides and blood pressure had less water intake as a
beverage. Finally, children who drank less water from beverages had high levels
of LDL cholesteral.

Conclusions: Higher consumption of water (ml)/kg per weight was negatively
associated with BMI, body fat, fat-free mass, waist circumference, insulin levels,
HOMA-IR, and positively with HDL cholesterol in children independently of age,
sex and cardiorespiratory fitness. In addition, overweight-obese children drank less
water (ml)/kg per weight than normoweight ones. Therefore, water consumption is
associated with numerous health benefits and its adequate intake could contribute
to prevent obesity and metabolic syndrome in childhood.

Key words: Water consumption. Serum lipids. Insulin resistance. Body com-
position.

INTRODUCTION

The majority of the main risk factors associated with cardiovas-
cular disease are preventable and modifiable by lifestyle changes
(1). Evidence has shown that overweight, eating behaviors and
physical activity affect most cardiometabolic variables associated
with cardiovascular risk factors, such as serum lipids, blood pres-
sure, waist circumference and insulin resistance (2).

Regarding these modifiable factors, beverage consumption
and their possible association with the current obesity epidemic
and metabolic syndrome is under investigation in recent years
(3). Most studies have focused on sugar sweetened beverages
consumption (4-7), although there are also studies that analyzed
diet beverages (8,9). On the other hand, there are studies focused
on dairy consumption and its possible positive association with
cardiovascular health (10,11), as well as on natural juices intake
(12). Preliminary analysis of a recent study has shown that a
Healthy Beverage Index, a measure of the overall healthfulness
of an individual’s beverage intake, was associated with reduced
cardiometabolic risk in adults (13). Other authors provide addi-
tional evidence suggesting a potential protective effect of higher
total water intake (particularly plain water) on kidney but not on
cardiovascular risk (14).

With regard to these hydration habits, one question generally
forgotten has been water consumption (15). Regulation of water
balance is essential for the maintenance of health and life, and some
authors have attempted to elucidate its possible link with obesity (16).
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Drinking more water has been proposed as a method to reduced
weight gain since water consumption could replace other caloric bev-
erages and thereby reduce total calories consumed (16). However,
evidence about water intake and its association with cardiovascular
health is scarce (17), and in most studies, they are related to water
hardness (18). To our knowledge, there is no research focused on
children regarding this topic. Therefore, the aim of this study was to
examine the association between water intake, body composition
and cardiometabolic factors in a sample of Spanish children.

MATERIAL AND METHODS

STUDY DESIGN AND PARTICIPANTS

This study was a cross-sectional analysis of baseline measure-
ment data from a cluster-randomized trial aimed to assess the effec-
tiveness of a physical activity program for preventing excess weight
in schoolchildren (19). For this report, we used data from a sub-sam-
ple of 366 children (196 girls) aged 9 to 11 years, in fifth grade of
Primary Education from 20 public primary schools in the Spanish
province of Cuenca. The Clinical Research Ethics Committee of the
Virgen de la Luz Hospital, in Cuenca, approved the study protocol.

ANTHROPOMETRIC AND BODY
COMPOSITION ASSESSMENTS

All measurements were obtained at the schools by trained nurs-
es. Height and weight were measured twice with a five-minute
interval between measurements with the children lightly dressed.
Weight was measured to the nearest 0.1 kg using a calibrated
digital scale (SECA Model 861; Vogel & Halke, Hamburg, Germany).
Height was measured to the nearest millimeter using a wall-mount-
ed stadiometer, with the children standing straight against the wall
without shoes, to align the spine with the stadiometer. The head
was positioned so that the chin was parallel to the floor. The mean
of the two weight and height measurements was used to calcu-
late body mass rndex (BMI) as weight in kilograms divided by the
square of the body height in meters (kg/m?). Waist circumference
(WC) was calculated as the average of two measurements taken
with flexible tape at the natural waist (the midpoint between the
last rib and the iliac crest). Body fat percentage and fat-free mass
percentage were estimated using a BC-418 bioimpedance analysis
system (Tanita Corp., Tokyo, Japan). The mean of two readings
taken in the morning under controlled temperature and humidity
conditions, after urination and a 15-minute rest, with the child
being shoeless and fasting was used.

RESTING BLOOD PRESSURE MEASUREMENT

Diastolic and systolic blood pressure (DBP; SBP) were deter-
mined as the average of two measurements separated by a
five-minute interval, with the child resting for at least five minutes

M. Milla-Tobarra et al.

before the first measurement. The child was seated in a quiet,
calm environment, with the right arm in a semi-flexed position at
the heart level. Blood pressure was measured automatically using
the OMRON M5-I monitor (Omron Healthcare Europe BV, Hoofd-
dorp, Netherlands). Mean arterial pressure (MAP) was calculated
using the following formula: DBP + (0.333 x [SBP - DBP]).

BIOCHEMICAL ASSESSMENTS

Blood samples were taken in standardized conditions between
8:15 and 9:00 a.m. after at least 12 hours fasting by puncturing the
cubital vein. Before the extraction, fasting was confirmed by the child
and his parents. The samples were processed using a Roche Diag-
nostics COBAS C711. The following parameters were determined:
triglycerides (GPO-PAP enzymatic method), HDL-cholesterol and
LDL-cholesterol (2" generation method without de-proteinization).

The homeostasis model of assessment (HOMA-IR) was used to
determine insulin resistance (IR) and its individual components.
Fasting glucose and insulin were determined using standard pro-
tocols (chemiluminescent microparticle immunoassay).

CARDIORESPIRATORY FITNESS

Cardiorespiratory fitness was assessed by the 20-m shuttle run test
(20). Participants were required to run between two lines 20 m apart,
while keeping pace with audio signals emitted from a pre-recorded
compact disc. The running speed started at 8.5 km/h and increased
0.5 km/h each minute. The children were stopped when they could
not follow the signal any more. We noted the last half-stage completed
as an indicator of their cardiorespiratory fitness (CRF).

ASSESSMENT OF WATER AND OTHER
BEVERAGE INTAKES

Beverage and water intake of each participant were estimated
using a self-administered computerized 24 h dietary recall val-
idated for European adolescents called the Young Adolescents’
Nutrition Assessment on Computer (YANA-C) (21). The Spanish
YANA-C questionnaire was administered twice in a week: one day
asking about a weekday and another one about a weekend day.
The YANA-C program was installed in the computer room of each
school, where pupils completed the questionnaire in groups. A
staff member instructed the children and, then, pupils completed
the program autonomously, although two or three staff members
were present to provide assistance as required. Interviewers were
previously trained.

STATISTICAL ANALYSIS

The distribution of continuous variables was checked for
normality before the analysis. Due to their skewed distribution,
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variables were log-transformed prior to analyses. Continuous vari-
ables were expressed as the mean + SD for normally distributed
continuous data. Categorical variables we expressed as n (%). To
aid interpretation, data were back-transformed from the log scale
for presentation in the results.

Normal weight and overweight-obese were defined according
to the BMI cut-offs published for children and adolescents (22).

Categorization of blood pressure (BP) was done using sex, age
and height specific cut points informed by the Fourth Report on
the Diagnosis, Evaluation and Treatment of High Blood Pressure
in Children and Adolescents by the National High Blood Pressure
Education Program Working Group on High Blood Pressure in
Children and Adolescents (23). High BP (stage 1) was defined as
a systolic or diastolic BP at 95" percentile or higher but lower than
the 99" percentile; high BP (stage 2) was defined as a systolic
or diastolic BP at 99" percentile or higher; and borderline BP
was defined as a systolic or diastolic BP at the 90" percentile or
higher but lower than the 95" percentile. To obtain more accurate
results we simplified the four criteria obtained in two categories,
as follows, normotensive (p < 90) and hypertension (stages 1
and 2) (p > 90).

Adverse lipid concentrations were defined as follows: total cho-
lesterol concentrations > 200 mg/d! or higher; HDL < 40 mg/dl;
LDL concentrations > 130 mg/dl; and triglycerides concentrations
> 130 mg/dl (24). Insulin resistance was defined as follows: fast-
ing glucose concentrations > 126 mg/dl (25); insulin concentra-
tions > 15.05 pU/ml (25); and HOMA-IR > 3.43 (26)

Multiple linear regression analyses were made to explore pos-
sible relationships between water intake, body composition and
cardiometabolic factors adjusted by age, sex, and cardiorespirato-
ry fitness. ANCOVA models were estimated to test the differences
in water intake variables by categories of BMI (normoweight vs
overweight-obese children) and cardiometabolic risk (non-risk vs
at risk children).

RESULTS

The sample characteristics are presented in table I. There were
statistically significant gender differences in the mean of height
(higher in girls, p = 0.008), body fat percentage (higher in girls,
p<0.001), and CRF (higher in boys (p < 0.001), but not for BMI.
The prevalence of overweight-obesity was 36.6% for the total
sample. Regarding cardiometabolic factors, boys had higher lev-
els of HDL cholesterol (p = 0.002), fasting plasma glucose (p <
0.001) and SBP (p = 0.008) than girls. Girls had higher insulin
levels (p < 0.001) and HOMA-IR (p < 0.001) than boys. Con-
cerning lipids parameters, 7.4% of children had higher levels of
triglycerides, 15% total cholesterol elevated, 3.8% HDL choles-
terol low, and 9.6% had adverse LDL cholesterol. All children had
normal amounts of fasting plasma glucose (> 126 mg/dl). Finally,
we found a 9.6% of children with hypertension. Concerning water
intake, for most of water variables, except for water from food vari-
able, girls took more quantities than boys, although the differences
were non-significant.
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Table Il shows the ANCOVA analysis. We found that children
who drank fewer water as a beverage had higher values of
triglycerides (p = 0.009), worst levels of HDL cholesterol (p <
0.001) and hypertension (p = 0.023). On the other hand, children
who drank less water from all beverages had adverse levels of
LDL cholesterol (p = 0.022). Moreover, those who ingested less
water (ml)/kg per weight, had lower levels of HDL cholesterol (p
=0.042) and higher levels of LDL cholesterol (p = 0.050). Finally,
overweight-obese children drank less water (ml)/kg per weight
than normal peers did (p = 0.011) and had more consumption of
water/kcal day (p = 0.023).

Table lll presents the relationship between water intake vari-
ables, BMI and cardiometabolic risk factors adjusted by age, sex
and cardiorespiratory fitness. We found a positive association
between water as a beverage with BMI (p < 0.001), body fat
(p < 0.004), fat free mass (p < 0.001) and waist circumference
(p < 0.001). A positive association also appears between water/
kcal day and BMI (p = 0.009), body fat (p < 0.001) and waist
circumference (p = 0.011). On the other hand, there was a neg-
ative association between water from caloric beverages with BMI
(p = 0.005), body fat (p = 0.010), fat free mass (p = 0.010) and
waist circumference (p = 0.003). Regarding water (ml)/kg per
weight, we showed an inverse relationship with BMI, body fat,
fat free mass, waist circumference, insulin levels, HOMA-IR (p <
0.001), and arterial pressure parameters (SBP, p = 0.010; DBP,
p = 0.028; and mean arterial pressure, p = 0.012). Finally, we
found direct associations between water (ml)/kg per weight and
HDL cholesterol (p = 0.001).

DISCUSSION

The aim of the study was to examine the association between
water intake, body composition and cardiometabolic risk factors
in a sample of Spanish children. Overall, our results showed an
inverse association between water (ml)/kg per weight and sever-
al body composition variables, lipid profile and insulin resistance
parameters, independently of age, sex and cardiorespiratory fitness.

Water consumption is probably the most underestimated of all
beverages intakes (15). Water is essential for life and plain water,
instead of other caloric beverages, is one approached for decreas-
ing energy intake (27), and therefore may play an important role
to fight against obesity and metabolic syndrome. However, the
mechanism remains unclear. Some studies have suggested that
water intake elicited acute changes in human physiology because
it provides a sympathetic stimulus, increasing the metabolic rate,
which in turn augments the daily energy expenditure (28,29). Oth-
er authors reported that water drinking activates the autonomic
nervous system and induces acute hemodynamic changes (30).
The actual stimulus for these effects is undetermined but might be
related to either gastric distension or osmotic factors (30). In our
sample, water (ml)/kg per weight was inversely associated with
BMI, body fat, fat free mass and waist circumference, as well as,
overweight-obesity children drank less water(ml)/kg per weight
than normal weight peers.
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Table I. Baseline characteristics of the sample

Total (n = 366) Boys (n = 170) Girls (n = 196)
Mean SD or % Mean SD or % Mean SD or % a ,
Boys vs girls

Age 10 0.5 10.0 0.5 9.9 0.4

Bgdy composition 0093

Height, cm 141.8 6.9 140.8 6.7 142.7 6.9 0.008

Weight, cm 39.2 9.1 38.9 8.6 39.5 9.4 0.497

BMI, kg/m? 19.4 3.6 19.5 3.5 19.3 3.7 0.556
Normoweight, n (%) 232 66.3 103 60.6 129 65.8 0.303
Overweight-Obese, n (%) 134 36.6 67 394 67 34.2

Body fat, % 25.7 6.4 24.2 6.9 26.9 57 <0.001

Fat-free mass, % 28.7 4.7 28.9 4.3 28.5 5.1 0.304

Waist circuference, cm 68.8 9.2 69.2 9.2 68.5 9.3 0.454

Cardiorespiratory fitness CRF, n 3.8 1.7 4.4 1.9 3.2 1.3 < 0.001

Triglycerides, mg/dl 72 37 69 33 75 39 0.089
Normal, n (%) 339 92.6 158 92.9 181 92.3 0.828
High, n (%) 27 7.4 12 71 15 77

Total cholesterol mg/dl 172 29 172 25 171 32 0.801
Normal, n (%) 311 85 149 87.6 162 82.7 0.179
High, n (%) 55 15 21 12.4 34 17.3

HDL cholesterol, mg/dl 59.8 13.2 62.1 131 57.8 131 0.002
Normal, n (%) 352 96.2 167 98.2 185 94.4 0,048
High, n (%) 14 3.8 3 1.8 1 5.6

LDL cholesterol, mg/dl 99 24 98 20 100 27 0.462
Normal, n (%) 331 90.4 162 95.3 169 86.2 0,002
High, n (%) 35 9.6 8 4.7 27 13.8

Glucose, mg/dl 84 6 85 6 82 6 < 0.001
Normal, n (%) 366 100 170 100 196 100
High, n (%) 0 0 0 0 0 0

Insulin, pu/ml 8.2 4.6 7.1 3.6 9.2 5.1 < 0.001
Normal, n (%) 342 93.4 164 96.5 178 90.8 0,025
High, n (%) 24 6.6 6 35 18 9.2

HOMA - IR 1.7 0.9 1.5 0.7 1.9 11 < 0.001
Normal, n (%) 344 94 165 971 179 91.3 0.017
High, n (%) 22 6 5 2.9 17 8.7

Systolic blood pressure, mmHg 101.9 9.2 103.3 8.9 100.7 9.2 0.008

Diastolic blood pressure, mmHg 63.2 75 63.4 7.3 63.2 7.6 0.789

Mean arterial pressure, mmHg 76.1 7.4 76.7 7.2 75.7 7.6 0.202
Nomotensive, n (%) 331 90.4 155 91.2 176 89.8 0.654
Hypertension, n (%) 35 9.6 15 8.8 20 10.2

Water as a beverage, ml/day 504.5 381.6 4571 352.4 5455 401.6 0.027

Water from food and beverages, ml/day 1484.3 508 1443.4 491.4 1519.9 521.4 0.151

Water from beverages, ml/day 959.3 389.3 911.5 382.4 1002.2 391.8 0.026

Water from food, ml/day 524.2 237.3 531.8 239.5 517.7 235.8 0.572

Water from caloric beverages, ml/day 427.6 228.2 418.1 249.1 4359 208.7 0.455

Water/kg weight, ml/kg 13.3 10.3 12.0 9.1 14.4 1141 0.024

Water/kcal/day, ml/kcal 0.4 0.4 0.4 0.4 0.4 0.4 0.531

Values are means (standard deviations + SD) and number and proportions (%) for categorical data. BMI: body mass index; CRF: cardiorespiratory fitness measured by
20-m shuttle run test (stage); HDL: high density lipoprotein, LDL: low density lipoprotein, HOMA-IR: homeostatic model assessement insulin resistance. p < 0.05
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Table Ill. Multiple regression analysis between intake variables, body composition
and cardiometabolic parameters

Water as a | Water from food | Water from| Water .| Water/kg | Water/
beverage, | and beverages, |beverages, | from food, LIS weight, | kcal/day/
ml/day ml/day ml/day mi/day L e mi/kg ml/kcal
B p p B p B p
BMI, kg/m? 0.293*** 0.006 0.385 0.049 -0.215* -0.817** | 0.178*
Body fat % 0.225* 0.194 0.192 -0.029 -0.188* -0.714* | 0.225"
Fat-free mass % 0.471* 0.200 0.334 -0.027 -0.213* -0.596"** 0.099
Waist circumference, cm 0.264** -0.022 0.437 0.122 -0.224** -0.817** 0.171*
Triglycerides, mg/dl 0.016 0.486 -0.253 -0.236 0.030 -0.104 -0.031
Total cholesterol, mg/dl 0.032 -0.667 0.208 0.375 0.139 0.213 0.111
HDL-c, mg/d| 0.056 -0.256 -0.054 0.126 0.132 0.340* -0.030
LDL-c, mg/di 0.046 -0.711 0.312 0.415 0.084 0.063 0.156
Glucose, mg/d 0.010 0.081 0.179 -0.004 -0.135 -0.134 0.002
Insulin, uU/ml 0.081 0.409 -0.15 -0.130 -0.127 -0.457* 0.088
HOMAR-IR 0.079 0.407 0.009 -0.126 -0.140 -0.460"** -0.281
Systolic blood pressure, mmHg 0.031 -0.414 0.561 0.243 -0.065 -0.286* 1.466
Diastolic blood pressure, mmHg 0.058 0.228 0.047 -0.126 -0.024 -0.241* -0.003
Mean arterial pressure, mmHg 0.051 -0.026 0.267 0.020 0.042 -0.278* 0.054

Adjusted by age, sex and cardiorespiratory fitness. MI: body mass index; HOMA-IR: homeostatic model assessment insulin resistance. p < 0.05; *p < 0.01; **p < 0.001.

Healthy eating is one of the keys for obesity prevention (31) and
knowledge of the energy contribution from beverages is partic-
ularly important, since consumption of healthy fluids is part of a
balanced diet (32). Drinking plain water instead of caloric bever-
ages may reduce dietary energy density and help in body weight
management (33). Among children, several surveys have checked
that promotion and provision of drinking water could effectively
reduce the risk of overweight (34) and that an increase of water
intake has been associated as well with weight loss in overweight
children (35). However, in adults, some review studies showed that
whereas encouraging water consumption may facilitate weight
management, the evidence was very limited (16,36,37). Moreover,
we found an inverse relationship between water from caloric bev-
erages (sugar sweetened beverages, dairy consumption and fruit
juices) with BMI, bodly fat, fat free mass, and waist circumference.
This is controversial because most reviews link sugar sweetened
beverages consumption with greater risk of obesity and meta-
bolic syndrome (6,38). In this sense, it is important to say that,
in our study, water from all types of liquids that provide calories,
including dairy products and fruit juices, were the drinks most
consumed by our children (39), which could justify our results, as
some authors present a possible positive relationship with body
composition and cardiovascular health (12,40).

Otherwise, there is little evidence about beverage consumption
and its association with blood lipids. We observed that children
who drank less plain water had higher blood triglycerides values
and lower HDL cholesterol values. Consistent with this, children

who drank less water (ml)/kg per weight had lower HDL choles-
terol levels and higher LDL cholesterol levels. Finally, we have
shown a direct association between HDL cholesterol values and
water(ml)/kg per weight. These two categories refer to plain water
intake and plain water intake per kg of weight. In this sense, a
review reports that drinking water results in greater rates of fat
oxidation because fat oxidation is maximal when blood insulin
levels are low (41). The reason for this is that insulin inhibits or
decreases the ability of rate limiting enzymes that breakdown
triglyceride fats into free fatty acids (41). Since water does not
contain calories or carbohydrates like other beverages, it does not
trigger an insulin response (41). Moreover, one study in women
showed that drinking one liter or more water per day was asso-
ciated with decreases in triglycerides, total cholesterol and LDL
cholesterol over 12 months (42).

Besides, we have observed an inverse relationship between
water (ml)/kg per weight and fasting insulin and HOMA-IR. There
is limited evidence regarding this issue. Some authors had drawn
attention to a low water intake as a possible new risk factor for
impaired glycemia, suggesting that an increase in water intake
(an easy and costless intervention) could prevent or delay the
onset of hyperglycemia and subsequent diabetes (43). In addition,
the same study in women reported that a higher consumption of
water per day was associated with significant decreases in fasting
insulin and HOMA-IR (42).

Lastly, information about the relationship between blood pres-
sure and water intake is scarce. There is some evidence for the
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relationship between drinking water content of magnesium and
calcium and the risk for cardiovascular disease, because these
captions regulate muscular contractility, and a lack of magnesium
leads to an increase in vascular tension and a lower muscular con-
traction threshold (18). A recent case-control study in children and
adolescents has shown that the magnesium and calcium levels
content of drinking water may have a protective role against early
stages of atherosclerosis (44). In adults, a randomized controlled
trial reported an improvement in SBP replacing caloric beverages
with non-caloric alternatives as water (45). In addition, another
study showed a significant decrease in blood pressure in women
that drunk one liter or more of water per day (42). Our findings
showed a negative association between the consumption of water
(ml)/kg per weight and SBP, DBP and mean arterial pressure, and
in accordance with this, children who drank less plain water had
more prevalence of hypertension (p > 90) (23). We could speculate
that water content in minerals could be the reason of these rela-
tionships; however, we have not quantified the amount of sodium
and potassium content in our drinking water.

This study is not without limitations. First, our study was
a cross-sectional design, thus observational findings do not
allow us to evaluate whether water intake has a possible causal
relationship with body composition and cardiometabolic factors
over time. Additionally, we have found little evidence between
these associations, and most of them are in adults, although,
in general, the physiological differences between children and
adolescents compared to adults are related to water content
in the body, insensible water loss, sweating and index of renal
function in the case of children aged less than two years. In
spite of physiological differences, thermoregulatory capacity of
children and adolescents is comparable to that of adults (46).
Moreover, the assessment of diet in children, either directly
or by adult proxy, has some methodological challenges. It has
been suggested that 10-year-old children are not able to give
valid responses to food frequency questionnaires covering peri-
ods longer than one day. In our study, the use of pictures in
the YANA-C software helped children to remember not only the
food eaten during the last 24 hours, but also the portion size.
Finally, we have not been able to quantify the mineral content
in children’s water intake, so results cannot be easily compared
to some literature reports.

CONCLUSIONS

In conclusion, our data show an inverse association between
water (ml)/kg per weight and BMI, body fat, fat free mass, waist
circumference, fasting insulin, HOMA-IR, and blood pressure
parameters in children. We observed as well that children who
drink less plain water and less quantity of plain water/kg per
weight had higher levels of triglycerides and LDL cholesterol,
and lower values of HDL cholesterol. Finally, overweight-obese
children’s intake of plain water/kg per weight is lower than that
of normal counterparts. Hopefully, our study could serve as a
benchmark to design appropriate randomized clinical trials testing

[Nutr Hosp 2016;33(Supl. 3):19-26]

the efficacy of water intake, instead of other beverages, to prevent
obesity and cardiometabolic diseases in children.
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