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Preface to “Beverage Consumption Habits around the
World: Association with Total Water and Energy
Intakes”

Dehydration occurs when the body loses more water than is taken in. It is often accompanied by
disturbances in the body’s mineral salt or electrolyte balance, especially in the concentrations of sodium
and potassium.

Populations at particular risk of hypohydration are the very young, those engaged in professions
where fluid homeostasis is regularly challenged and the elderly. Limited data are available on the
prevalence of hypohydration, but there is evidence to suggest that this may be relatively common among
the western elderly populations [1]. The percentage of population with inadequate intake of water may
vary from 5% to 35% in the different European countries [2].

The burden of disease from lack of access to clean water, poor sanitation and inadequate personal
and food hygiene is well known, but consequences of inadequate water intake worldwide are far from
being well understood. Recent research [3] into the risk of disease (bowel, metabolic and kidney diseases),
disability (cognitive function, physical performance, headache, falls and accidents) and death is
confirming the importance of poor hydration to overall disease burden and quality of life in a worldwide
perspective. Moreover, the number of hospitalizations for dehydration has steadily increased in recent
decades. In this case, dehydration increases the healthcare burden in a direct way, as a disease itself.
However, sometimes, dehydration appears as a comorbidity condition in a number of diseases.
Dehydration has been defined as the second most common comorbidity, occurring in 14% of all
hospitalizations [4].

In addition to its individual clinical impact; dehydration also represents an important public health
issue by imposing a significant economic burden. Depending on the degree or magnitude of the
dehydration in hospitalized patients, costs may increase by 7% to 8.5% [5]. Higher cost will be associated
with an increase in hospital mortality, as well as with an increase in the utilization of intense short and
long term care facilities, readmission rates and hospital resources, especially among those with moderate
to severe hypernatraemia. Dehydration represents a potential target for intervention to reduce healthcare
expenditures and improve patients’ quality of life [6]. However, the higher cost of dehydration is not only
in hospitalized patients. Dehydration is one of the major factors limiting athletic performance and even
mild dehydration can have a significant impact on working capacity and productivity [7]. Some studies
have suggested a possible link between dehydration and the rise in industrial accidents during the
summer, when workers are presumably thirstier [8]. A study published in 2004 found it had a real impact
on performance in physical fields such as forestry, with slightly dehydrated workers being about 12% less
productive than their fully hydrated peers [9].

Improving drinking habits during working and leisure time and developing comprehensive
hydration guidelines for healthcare professionals and patients would be a cost-effective means of
addressing the burden of hypohydration in developed countries.

Given the extent of the problem and its under-acknowledgment, will governments engage in
research and awareness-raising strategy on the burden of hypohydration in the different countries and
regions? Will governments address the burden of dehydration in the elderly as part of its action plan on
active ageing to be proposed in the near future?

On the other side, a rising number of studies assert that sugar-containing drinks may play a key
role in the etiology of overweight and obesity in children and adults [10]. However, whether this
association is causa still remains controversial [11,12]. Public policy initiatives to reduce sugar in
beverages consumption are the subject of current debate and different initiatives are actually developed
worldwide. These should consider both, promoting an adequate water intake and a reduction in sugar
and energy intake from beverages, across the different age and socioeconomic groups, all within the
broader context of improving overall diet quality.

At this stage, the current Issue has received a great welcome from the scientific community which

ix



has responded to the proposal with huge interest. However, although the number of the papers published
in the present book is really impressive (around 20), the needs for these kinds of studies have not
decreased. The studies included were developed in different settings and different populations around
the world; the diversity methodologies employed in the quantitative assessment of beverages
consumption and all the details that the results of the studies have shown may eventually help to
adequately address their policies worldwide. Broadly, the papers in the present volume provide a
valuable milestone on our journey to understand the impacts of the hydration on health and disease and
they will be helpful for those planning future studies. Our main interest has been to gradually increase the
general interest placed on this emerging and fascinating area of study.

As we move forward, our progress will continue to depend heavily on beverage intake assessment
methods, and underpinning this is the need to further refine and document the validity of our methods.

Again, those of us engaged in nutrition research will be highly appreciative of the great efforts of
our colleagues who have produced this volume documenting our progress to date.

Lluis Serra-Majem and Mariela Nissensohn

Special Issue Editors
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Abstract: Background: Inadequate hydration is a public health issue that imposes a significant
economic burden. In Spain, data of total water intake (TWI) are scarce. There is a clear need for
a national study that quantifies water and beverage intakes and explores associations between
the types of beverages and energy intakes. Methods: The Anthropometry, Intake and Energy
Balance Study ANIBES is a national survey of diet and nutrition conducted among a representative
sample of 2285 healthy participants aged 9-75 years in Spain. Food and beverage intakes were
assessed in a food diary over three days. Day and time of beverage consumption were also recorded.
Results: On average, TWI was 1.7 L (SE 21.2) for men and 1.6 L (SE 18.9) for women. More than
75% of participants had inadequate TWI, according to European Food Safety Authority (EFSA)
recommendations. Mean total energy intake (EI) was 1810 kcal/day (SE 11.1), of which 12% was
provided by beverages. Water was the most consumed beverage, followed by milk. The contribution
of alcoholic drinks to the EI was near 3%. For caloric soft drinks, a relatively low contribution to
the EI was obtained, only 2%. Of eight different types of beverages, the variety score was positively
correlated with TWI (r = 0.39) and EI (r = 0.23), suggesting that beverage variety is an indicator
of higher consumption of food and drinks. Conclusions: The present study demonstrates that
well-conducted surveys such as the ANIBES study have the potential to yield rich contextual value
data that can emphasize the need to undertake appropriate health and nutrition policies to increase
the total water intake at the population level promoting a healthy Mediterranean hydration pattern.

Keywords: ANIBES; total water intake; energy intake; beverages; Spain
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1. Introduction

Dehydration occurs when the body loses more water than is taken in. It is often accompanied
by disturbances in the body’s mineral salt or electrolyte balance, especially in concentrations of
sodium and potassium. Populations at particular risk of hypohydration are children, those engaged
in professions where fluid homeostasis is regularly challenged, and older adults [1]. Limited data
are available on the prevalence of hypohydration, but there is evidence to suggest that it may be
relatively common among older populations [2]. The percentage of the population with inadequate
water intake varies from 5% to 35% among European countries [3]. Whereas the burden of disease
from inadequate water intake is well known, its consequences in Europe are far from being well
understood. Recent research into the risk of disease (from falls and accidents and bowel, metabolic,
and kidney diseases), disability (cognitive function, physical performance, and headaches), and death
has confirmed the importance of poor hydration with respect to the overall disease burden and quality
of life in Europe [4]. Therefore, the significant economic burden dehydration represents makes it an
important public health issue. Depending on the degree or magnitude of dehydration in hospitalized
patients, costs may be increased by 7%-8.5%. Dehydration represents a potential target for intervention
to reduce healthcare expenditures and improve patient quality of life [5].

On the other hand, scientific literature recognizes that the “adequate intake” value of beverages
(AI) is a variable event, in which differences are in part due to the inter-individual variation for
water needs in response to different health status, metabolism, and environmental factors such as
ambient temperature and humidity, as well as individual factors such as age, body size, and level of
physical activity. Furthermore, the water needs also depend partially on overall diet and the water
contained in food. About 80% of the required daily intake is provided by drinks, including water;
the rest is acquired through solid food. Identifying the variety of drinks consumed and establishing the
percentage of energy provided by each beverage to the diet allows us to set the pattern of individual
or population-level beverage consumption. Understanding the contribution of each fluid type to the
total fluid intake will allow us to draw conclusions about the adequacy of drinking habits.

In Spain, the influence of the Mediterranean Diet is widespread. This pattern of consumption
also includes the hydration pattern of the population. Traditionally, this pattern included water as
a main drink, along with daily but moderate consumption of wine or beer with the principal meal,
and the intake of a group of beverages elaborated with fresh vegetables (Gazpacho, Salmorejo, etc.).
However, in the last decades [6], the adherence to the Mediterranean pattern has been decreasing,
especially in children and young people. The actual beverage pattern also included the occasional
consumption of soft drinks, which was associated with leisure time. Furthermore, total water intake
(TWI) data of Spain are scarce. There are no recent epidemiological studies that focus exclusively
on beverage intake. Most available hydration data focuses on alcohol consumption. Apart from
the Spanish National Survey on Dietary Intake (ENIDE) [7] in 2011, we are unaware of other
research investigating beverage intake among the Spanish population. According to ENIDE data,
the average beverage consumption was 1646.5 mL/day, which reflects insufficient fluid intake for that
study population.

Given the extent of the problem and its poor recognition, there is the clear need for a national study
to update the existing data. The aim of this study was to quantify the total water and beverage intake,
and to explore associations between the types of beverage consumed and energy intake. The ANIBES
study, a national survey of diet and nutrition conducted in 2013 among a representative random
sample of 2285 healthy participants aged 9-75 years, provides us the likely best source of detailed
information on the diet of normal individuals in Spain. Characteristics of ANIBES include a food and
beverages record list (in grams) of each item consumed per participant and a record of the time of
consumption. These study attributes provide a rich resource for exploring patterns of consumption
according to age and gender, thereby permitting us to reach conclusions about whether or not drinking
a variety of beverages helps to increase fluid intake to a level that meets current guidelines.
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2. Materials and Methods

The design, protocol, and methodology of the ANIBES study have been described in detail
elsewhere [8-10].

2.1. Sample

The ANIBES study is a cross-sectional study conducted using stratified multistage sampling.
To guarantee better coverage and representativeness, the fieldwork was performed at 128 sampling
points across Spain. The design of the ANIBES study aims to define a sample size that is representative
of all individuals living in Spain, aged 9-75 years, and residing in municipalities of at least
2000 inhabitants. The initial potential sample consisted of 2634 individuals. For all analyses,
we eliminated participants with anomalous values of energy intake (EI) (men, <800 or >4000 kcal/day;
women, <500 or >3500 kcal/day) [11] to avoid introducing bias to the analysis. The final sample
comprised 2007 individuals (1011 men, 50%; 996 women, 50%). In addition, for the youngest age
groups (9-12, 13-17, and 18-24 years), an “augment sample” was included to provide at least n = 200
per age group (error + 6.9%). The augment sample is the process of increasing the amount of interviews
for a particular subgroup within the population in order to achieve an adequate number of interviews
to allow analysis of population subgroups or segments that wouldn't normally yield a sufficient
number of interviews in a main random survey, without the expense of increasing the sample size for
the whole survey. Therefore, the random sample plus augment sample comprised 2285 participants.

The sample quotas according to the following variables were: age groups (9-12, 13-17, 18-64,
and 65-75 years), gender (men/women), and geographical distribution (Northeast, Levant, Southwest,
North—Central, Barcelona, Madrid, Balearic, and Canary Islands). Additionally, other factors for sample
adjustment were considered: unemployment rate, percentage of foreigners (immigrant population),
physical activity level assessed by The International Physical Activity questionnaire (IPAQ) [12],
tobacco use and education or economic level. Finally, participants’ weight, height, and waist
circumference were measured and body mass index was also calculated.

The fieldwork for the ANIBES study was conducted from mid-September 2013 to mid-November
2013, and two previous pilot studies were also performed. To equally represent all days of the week,
study subjects participated during two weekdays and one weekend day. The final protocol was
approved by the Ethical Committee for Clinical Research of the Region of Madrid, Spain [9].

2.2. Food and Beverage Record

Study participants were provided with a tablet device (Samsung Galaxy Tab 2 7.0,
Samsung Electronics, Suwon, South Korea) and trained in recording information by taking photos
of all food and drinks consumed during the 3 days of the study, both at home and outside the home.
Photos were to be taken before beginning to eat and drink, and again after finishing, so as to record
the actual intake. Additionally, a brief description of meals, recipes, brands, and other information
was recorded using the tablet. Participants who declared or demonstrated that they were unable to
use the tablet device were offered other options, such as using a digital camera and paper record
and/or telephone interviews. A total 79% of the sample used a tablet, 12% a digital camera, and
9% opted for a telephone interview. As no differences in the percentage of misreporting were found
according to the type of device used to assess dietary intake, we used the measurements of the three
assessment methods in the analysis. In addition to details of what and how much was eaten, for each
eating/drinking event, participants recorded where they were, who they were eating with, and whether
they were watching television and/or sitting at a table. After each survey day, participants recorded if
their intake was representative for that day (or the reason why if it was not), and details of any dietary
supplements taken. The survey also contained a series of questions about participants” customary
eating habits (e.g., the type of milk usually consumed) to facilitate further coding. Food records were
returned from the field in real time, to be coded by trained coders who were supervised by dieticians.
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An ad hoc central server software/database was developed for this purpose, to work in parallel with
the codification and verification processes. Food, beverage, and energy and nutrient intakes were
calculated from food consumption records using VD-FEN 2.1 software, a Dietary Evaluation Program
from the Spanish Nutrition Foundation (FEN), Spain, which was newly developed for the ANIBES
study by the FEN and is based mainly on Spanish food composition tables [13], with several expansions
and updates. Data obtained from food manufacturers and nutritional information provided on food
labels were also included. A food photographic atlas was used to assist in assigning gram weights
to portion sizes. The VD-FEN 2.1 software was developed to receive information from field tablets
every 2 s, and the database was updated every 30 min. Energy distribution objectives for the Spanish
population were used to analyze the overall quality of the diet [9,14].

2.3. Data Preparation and Analysis

The present analysis focused on the TWI of all food and drink, determined from food composition
tables with several adaptations and updates [13]. Metabolic water (water derived from oxidation of
substrates) was not included so as to focus on comparisons with dietary water requirements.

Beverages were combined into eight categories for further analysis: (1) hot beverages,
including hot tea and coffee (iced teas in cans or bottles were considered caloric soft drinks); (2) milk (all
types of milk without separation by fat percentage); (3) fruit and vegetable juices (including nectars,
juice-milk blends, 100% fruit juices, and some typical Spanish beverages: horchata, gazpacho,
salmorejo, and white garlic); (4) caloric soft drinks (including colas, tonic water, sodas, ginger ale,
fruit flavored drinks, iced teas in cans or bottles, sports drinks such as isotonic drinks with mineral
salts, and caffeinated energy drinks); (5) diet soft drinks (including the same beverages as in the
caloric soft drinks group but with artificial sweetener); (6) alcoholic drinks, including two groups:
(a) low-alcohol grade (mostly beer, wine, and cider); and (b) high-alcohol grade (including brandies,
liqueurs, tequila, vodka, whisky, efc.); (7) water (including tap water and bottled water); and (8) other
beverages (including soy-based beverages, non-alcoholic beer and wine, and others).

Additionally, a variety score was created as the sum of the different beverages used in our
classification with a minimum value of 0 and a maximum value of 8.

To investigate daily trends, beverage consumption events were aggregated into six time periods,
approximately corresponding to breakfast (up to 10:00 a.m.), mid-morning (10:00 a.m.-1:00 p.m.),
lunch (1:00 p.m.—4:00 p.m.), mid-afternoon (4:00 p.m.-7:00 p.m.), dinner (7:00 p.m.-10:00 p.m.),
and other times.

TWI was compared with the European Food Safety Authority (EFSA) Dietary Reference Values
(DRV) for the Adequate Intake (Al) of water for men and women from 14 years of age onward (2.5 L and
2.0 L, respectively), and for boys and girls from 9 to 13 years of age (2.1 L and 1.9 L, respectively) [15].
Furthermore, Nordic and German-speaking countries take the approach that water intake is considered
inadequate when it is less than 1 g per kilocalorie of energy requirement [15]. Therefore, we used three
different approaches to define water intake adequacy to provide a more comprehensive estimate of
the proportion of participants who consume low amounts of water [16]. First, a classification based
on the Al value, defined by the EFSA as criterion 1. The second (criterion 2), a ratio between TWI
(water from food and beverages in grams) and EI in kcal higher than 1; and the combination of both as
final criterion.

2.4. Statistical Analyses

Owing to reported differences in water consumption and recommended intakes between male
and female individuals, all analyses were carried out separately by gender. Crude differences in TWI
and beverage consumption between groups were assessed through an analysis of variance test or
t-tests with Bonferroni correction for multiple comparisons. Chi-squared tests were used for categorical
variables. All analyses were two-tailed, with statistical significance set at p < 0.05.
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Partial Correlations between water intake, energy intake, and beverage consumption adjusted for
age, gender, body weight, and physical activity were calculated by the use of a variety score.

Multivariable linear regression models included adjustment for gender, age, weight, and physical
activity level. Multiple linear regression models were fitted to assess the effect of varying the type
of beverages consumed (caloric vs. non-caloric) on EI while controlling for the effect of confounders
(gender, age, weight, and physical activity). The effect of replacing 100 g of caloric beverages with
100 g of non-caloric beverages was estimated by including caloric beverages (as a percentage of total
beverage weight) as the main independent variable, with total beverage weight (g) held constant.
This necessarily implies an equal and opposite change in other beverages. A further model included
energy from food, thus disallowing compensation (reduction in calories from food). Finally, we used
within-person daily consumption data to explore the effect of changes in daily beverage consumption,
with each person acting as their own control. The independent variables represent the standard
deviation of the mean of the three different measurements (3-day records) for each type of beverage
collected for each participant. The outcome (change in EI) was derived using the same methodology
(deviation from participants’ 3-day mean in energy intake) [16].

3. Results

The ANIBES sample was of 2285 healthy subjects aged 9 to 75 years, of which 50% of the
population was men and the other 50% were women. The study sample reflects the distribution of
male and female individuals in the general population of Spain [17] (Statistics National Institute (INE)
2011). A more detailed description of the ANIBES study population is given in Table 1 [13]. There was
no statistically significant difference in the education or economic level between men and women.
However, men smoked more but engaged in more sport than women. Regarding the measures of
overweight and obesity, the data of ANIBES study were representative of the Spanish adult population,
according to the Spanish National Health Survey 2011-2012 [18]: 37% and 32% of men and women,
respectively, were overweight, and 21% and 19%, respectively, were obese.

Figure 1 shows the frequency distribution of TWI (g/day) over a three-day recording period,
organized by gender. On average, the TWI was 1.7 L (SE 21.2) for men and 1.6 L (SE 18.9) for women,
far less than the EFSA Al recommendations for adults (2.5 L and 2.0 L, respectively).
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Figure 1. Frequency distribution of total water intake (g/day) over three days by gender.
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Percentages of total weight consumed (g/day), daily EI (kcal/day), and water intake (g/day) are
presented in Table 2. Beverages were separated by category, with most consumed in similar amounts
by participants of both genders. However, men consumed exactly two times more alcoholic beverages
than women. The mean total EI was 1809 kcal/day (SE 11.1), and the relative contribution to total EI
from beverages was 12% (13% for men, 12% for women). Furthermore, 68% of the TWI came from
beverages and 32% from food. Those amounts coincided with EFSA recommendations (70%—-80%

provided by beverages of all types and the remaining 20%—-30% from food).

Table 1. Statistical description of the sample ANIBES.

Total % Male % Female %
Total 2007 100 1011 50.4 996 49.6
9-12  Count 100 5 62 6.1 38 3.8
13-17  Count 123 6.1 84 8.3 39 39
Age Group
18-39  Count 777 38.7 387 38.3 390 39.2
40-64 Count 810 404 385 38.1 425 427
65-75  Count 197 9.8 93 9.2 104 10.4
Unemployed Count 270 13.5 184 18.2 86 8.6
Forei L ) Spanish Count 1933 963 975 96.4 958 96.2
oreigners (immigrant population)
Foreign Count 74 3.7 36 3.6 38 3.8
Level of physical activity Inactive Count 884 44.0 389 38.5 495 49.7
Active Count 1123 56.0 622 61.5 501 50.3
Primary or less Count 743 37.0 378 374 365 36.6
Level of education Secondary Count 858 428 434 429 424 426
Tertiary or University Count 406 20.2 199 19.7 207 20.8
1000 € or less Count 397 19.8 191 189 206 20.7
From 1000 to 2000 € Count 795 39.6 393 38.9 402 40.4
Economical level
Over 2000 € Count 320 15.9 163 16.1 157 15.8
No income Count 7 0.3 4 0.4 3 0.3
No answer Count 488 24.3 260 25.7 228 229
Northwest Count 152 7.6 77 7.6 75 7.5
North Central Count 161 8.0 79 7.8 82 8.2
Northeast + Barcelona AAMM  Count 368 18.3 177 175 191 19.2
. o Center + Madrid AAMM Count 455 227 240 23.7 215 21.6
Geographical distribution
Levante Count 335 16.7 176 174 159 16.0
South Count 443 221 218 21.6 225 22.6
Canarias Count 93 4.6 44 44 49 49
Yes Count 602 30.0 338 334 264 26.5
Tabaco

No Count 1182 58.9 527 521 655 65.8

. Mean 72.30 78.40 66.10

Weight (kg) SE)  (0.39) (0.56) (0.46)

. Mean  166.20 172.10 160.20

Height (cm) SE)  (0.23) (031) 022)

Waist Circumference Mean  87.70 91.90 83.40

- (SE) (0.34) (0.48) (0.45)
Underweight Count 27 1.34 5 0.5 22 2.2
BMI class (kg/mz) Normal weight Count 880 43.84 417 412 463 46.5
Overweight Count 694 34.57 375 37.1 319 32.0
Obese Count 406 20.22 214 21.2 192 19.3
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On average, the percentage of total beverage consumption from water over the three-day study
period was 46% for women and 41% for men (Figure 2). Water was the most frequently consumed
beverage, followed by milk, for both genders. Among men, the decreasing order of consumption was
alcoholic drinks, caloric soft drinks, and hot beverages, with similar percentages (11%, 11%, and 10%,
respectively). For women, the decreasing order was hot beverages (12%), caloric soft drinks (8%),
and alcohol (5%). Fruit and vegetable juices and diet soft drinks were consumed in lower amounts by
both genders.

50%
45%
40%
35%

30%
HWomen

B Men

25%
20%

15%

10%
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o =

milk Fruit& Caloric Dietsoft Alcoholic  water Other
bevera ges Vegetable soft drinks drinks beverages
juice drinks

Figure 2. Percentage of beverages consumed over a three-day period by gender.

In general (Table 3), the contribution of water intake from food increased with age, from 434 g/day
(SE 13.9) among younger participants (13-17 years) to 584 g/day (SE 24.8) among older adults
(65-75 years). This finding is likely owing to lower consumption of fruits and vegetables, which are
rich in water, for the youngest participants. The water contribution from beverages declined from
1202 g/day (SE 21.6) among adults (18-64 years) to 1002 g/day (SE 44.0) among older adults.

For adolescents, the mean consumption of caloric soft drinks was 167 g/day (SE 19.1) for
men, and 139 g/day (SE 15.9) for women (equivalent to about three cans per week for each).
However, consumption was lower among adults, with 114 g/day (SE 6.3) for men and 82.1 g/day
(SE 4.6) for women. Consumption of alcoholic drinks for adult men and women averaged 160 g/day
(SE9.0) and 71 g/day (SE 4.8), respectively. The intake of alcoholic drinks among the oldest participants
(65-75 years) averaged 143 g/day (SE 19.0) for men and 53 g/day (SE 9.8) for women.

The principal sources of total dietary water, by gender and age group, are shown in
Figure 3. For both men and women, the main source was water, followed by milk. Children and
adolescents consumed higher amounts of water from milk and juices than adults, for both genders;
however, adolescents consumed less water from hot beverages and diet soft drinks than adults.
Adults and older adults had a lower intake of caloric soft drinks and juices but consumed greater
amounts of hot beverages and alcohol, for both men and women.



Nutrients 2016, 8, 232

UeYIUSIS = ([ (1 D () 1D () “IH ®) ‘TH () “AA (@) ‘T (p) ‘AL () “AD (g ‘AL () 1591 VAONYV YSnoay paureiqo anjea | d

S61°0 Froeee  (L90) Lpee ~ B (s5'0) 06T F€0°0 (€09)9zzL (67D 06'S - - (rroirs (as) (Aep/3) saBeranaq d1joyod[e uou PYHO
(88°0%) (0'21) (LLv€) (LT66) (AR 9] (15°0) (sr61) (61°€€) (66°5€) (18%1)
X 0> Kep /8) uesy 193¢,
100> TwLes T6'L6S () FL68€E €U <895 1000 69°TSH S1'T8s (@ 88°61F 00°16F TUThS @) (fep/3) weap 1a3em
§ - o o) 10 ) g - - o . (00°61) (S0°6) [(g%9) - (€29) "
ep/8) ueajy [0y
100°0> (8£6)T8TS (8P F90L (F€D) €6T . (88°€) €0'6S 100°0> Pt 99°661 QL ~ el (39) (Aep/3) weay [0yod1y
1100 Or9) 1621 (87'7)889F  (8T6) 9581 (87°9) 060C  (95°€) 9T 0% €000 (€r¢) 862 (@9 ,mv v h.x ur m.v (027 18'8C (d5) (Aep/8) ueay Yutap 3jos 31
(p) ST'SE (@ 99°TC (o) 60CL
o> Qroysrge 6P {6<1) OUID gy i 000> Leeror  ED (o061) bz za) (3s) (4ep,/3) ueay uLp 305 d10TeD
ST ) PO'8EL L9 @ 6IFIL  (pq L6991 (5 TOELL 9LTIL ’ ’
. -0) 75+ ) g5 (VAwA)] (80°zL) ) e . ) ez ) e (g1 (e8'1D) &) 77 Kon /9 0103
000> (999)Tr¥e  (L2T) 9L @6 (9L 6 @oeosy  1000>  (FrL)sTve  (15€) 7608 G098 w9516 (sT¢) TTss (@s) (Aep/3) uealy soom( d[qe1adaA 3 g
. (ervn) (877) (evsD) (1sv (g8°€) . (rzsn F6'7) (00'91) (00en) (es7) Kep /8
9]
£000 o1z 28961 90T (LL6FT ST 1000~ 79902 69SLL (@ L9TLT  (wEL60E  SFROT (as) (Aep/) wepOIN
: (c0'61) (€ch) (18°9) (e19) (96'€) . (6T (g57) (g2 (9z7) (09°€) Kep /) uealn $98L15A9q 10
100> 0001 00F€L @) SULE () S8TE €661 1000> I8l S6'0C1 (P9 EFPS  (ow) 0TTH FI'L0L (@s) (dep/3) oo °H
(&ep/8) HOIHM 40
(8£°2h) (8'81) (65°€€) (LT1p) (s91) (6£%¥) (98'12) (¥L€) (6€°0%) (¥6'91)
X 0> Kep /8) ueapy uonduwmsuoy) saderasaq (230,
100> 60001 TTEOTT () €688 (yT6ER6  TOTTID 1000 WO LM (@SRl 0980l oolgrp (39 (Aep/S)ueanuor 2 oL
. (e€'2h) (zz81) (91°€€) (0g0%) (ss°61) : (€0F9) (1912 (1€'9¢) (ec'6€) (FL91)
IA A[uo saferanaq wouy 1o
1000~ 1£6101 09ZELL  (PYIE8  (LET68  OESOL 1000~ SI00T (4 68TOCT (@ FVF96  (0)85L66  ELPELL (8S) ueaN Ajuo saBesanaq wiol 1a3em
(65°61) (s79) (e8°21) (zr61) (£99) (18+2) (172) (96°€1) (zLen) (20'9)
X 0> ues] 00, WO1J 19)e
1000~ /098 OSLSLE /90 SLOFF 1€92p 1000 WS @09SIS  (r09EEE (o) TOEFF  06'€0S (85) ueay pood oy Sorei
. (¥6'87) (£6°02) (200¥) (85'9%) (eg21) . (S228) (69%2) (6T€p) (L¥sp) (0¥'61)
&) NG EYES 00] WO o ] 0;
1000~ LL6LST SEQ09T (39 ISSETT (g SSPEET  o6SST 000> L5S85T GFLILL  (@POSEEl  (nOTOFPL  gogeor  \OS) UPPIN OHRI0M0Q Y pooj uion MYpUL I [210L
L01 158 L 8 szt 66 96L 9€L szt 9511 aseq
(1] )] (H) () [E)] @) (@ ) (@ v)
4 €L-€9 $9-8T LT-€T 76 aseq i SL-9 $9-81 L1-€T 76 aseq
dnoxn) a8y dnoig a8y
WO WA

*(18¢¢ = 1) dnoi8 a8e pue xos £q (Aep/3) uondwmsuod a8eraAaq pue IXeIul I9)eM [eJ0] *¢ A[qeL



Nutrients 2016, 8, 232

1800

Other non alcoholic beverages
I Dietsoftdrinks
| Fruit & vegetable juices

= Alcoholic drinks

W Hot beverages

M Caloric soft drink
= milk

W food

W water

- 8 8 8 8 B E §B %
I
2z o
| |

9-12 1317 18-64 6575 912 ‘ 1317 18-64 6575

Men Women

Figure 3. Daily Water intakes (g/day) from beverage/food categories by age and gender among
ANBIES population.

TWI was highly correlated with beverage weight and water from beverages (r = 0.95), and
was more weakly correlated with food intake (r = 0.54, Table 4). Caloric soft drinks and alcoholic
drinks had a moderate correlation with total energy from beverages (r = 0.47 and 0.49, respectively),
whereas coefficients were lowest for hot beverages and diet soft drinks.

Regarding beverage variety of eight types of beverages in our classification, the variety score was
positively correlated with TWI (r = 0.39, p < 0.001) and with EI (r = 0.23, p < 0.001), suggesting that
beverage variety is an indicator of a higher consumption of food and drinks.

Figure 4 represents the influence of day of the week on beverage consumption. The total amount
of beverage intake (g) was slightly higher on Fridays among men and on Saturdays among women
than on other days of the week. This appears to be attributable to a higher consumption of alcoholic
drinks on the weekends for both groups. Consumption of water, milk, fruit and vegetable juices,
hot beverages, and diet soft drinks did not vary greatly by day of the week. With respect to beverage
consumption according to the time of day, over a 24 h period, in general, no significant differences were
found by age or time of day in either men or women (Table 5). One exception was seen in differences in
the amount of beverages consumed by males during lunch when comparing children and adolescents
to adults, the consumption is higher in 18-64 year-old subjects.
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Figure 4. Amount and types of beverages consumed according to day of the week (mean g/day),
separated by gender.

Appendix Table A1 shows a multiple regression model including four covariates (gender, age,
weight, and physical activity) as well as total beverage intake, which is mathematically equivalent
to substituting caloric beverages (sum of hot beverages, milk, fruit and vegetable juices, caloric soft
drinks, and alcoholic drinks) with an equal weight of non-caloric beverages (diet soft drinks and
water). The predicted effect of replacing 100 g of caloric beverages with 100 g of non-caloric drinks
was associated with a reduction in EI of 50 kcal (Model 1). When food EI was constrained as a constant
(i.e., disallowing compensation), the net impact of 100 g of caloric beverages was estimated at 40 kcal
(Model 2). Further adjustment for level of education, economic level, employment, efc. did not change
the reported results.

The second regression model analysis (Appendix Table A2) used a within-person change model
to address whether a change in a participants’” beverage consumption habits on any day could be
associated with a change in their total EI (compared with their three-day mean). Modeling each
beverage separately, with total beverage weight held constant, each of the above two non-caloric
beverages (diet soft drink and water) was negatively associated with energy (as were hot beverages),
whereas the five caloric beverages mentioned above were positively associated with energy (Model 3).
When combining caloric beverages, the final models (Models 4 and 5) gave an estimated effect of
43 kcal per 100 g of caloric drinks substituted, or 34 kcal if EI from food was held constant.

Participants who fulfilled the EFSA Al recommendations of TWI for men and women (2.5
L and 2.0 L, respectively) were classified as Criterion 1. Participants with ratios of water/energy
intake >1.0 were included as Criterion 2 (considering a value of 1 g of water per 1 kcal of energy
intake). Finally, participants who met both definitions (Criteria 1 and 2) were classified as Criterion 3.
For children 9-13 years old, the EFSA Al is 2.1 L for boys and 1.9 L for girls. Following this analysis,
Table 6 shows that for both genders, more than 75% of women, about 80% of men, and nearly 90% of
children did not meet the Al recommendation for water consumption.
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Table 6. Combined classification for the Total water intake (TWI) following established criteria.

EFSA 2.5 L Men, 2.0 L Women (14 a 75 Years) n = 2023 Men Women
CRITERION 1: 7 (%) 241 (12) 431 (21)
CRITERION 2: 1 (%) 538 (27) 805 (40)
CRITERION 3 (1 and 2): 1 (%) 202 (10) 370 (18)
EFSA 2.1 L Boys, 1.9 L Girls (9 a 13 Years) n = 258 Boys Girls
CRITERION 1: 1 (%) 28 (11) 28 (11)
CRITERION 2: 1 (%) 25 (10) 28 (11)
CRITERION 3 (1 and 2): 1 (%) 13 (5) 18 (7)

EFSA: European Food Safety Authority. (1) Criterion 1: TWI >2.5 L men, >2 L women (aged 14 to 75 years) >2.1 L
boys, >1.9 L girls (ages 9 to 13 years); (2) Criterion 2: Ratio of total water/total energy intakes >1; (3) Criterion 3:
Both criteria.

4. Discussion

This study provides analyses of total water intakes from all sources among a nationally
representative sample of the Spanish population aged 9-75 years, included in the 2013 ANIBES
study database. To our knowledge, the present analyses represent one of the few explorations of
the consumption of water and beverages in Spain, as well as the association with energy intake,
consumption according to time of day and day of the week, the association between beverage variety
and increased fluid intake, and compliance with current Al recommendations, by gender and age.

The main findings of this study indicate that for the entire sample, TWI was 1625 g/day (SE 14.2).
In general, and as expected, male individuals had statistically higher intakes than female individuals
for both food and beverages. However, neither men nor women consumed sufficient amounts of
water (1664 g/day for men, 1585 g/day for women), according to EFSA Al reference values [15].
Men consumed approximately 33% less than the Al and women nearly 21% less.

Most of the data analysis in this work was based on an earlier survey by Gibson and Shirreffs [16],
who analyzed the weighed dietary records from the National Diet and Nutrition Survey (2000/2001)
of 1724 British adults. Contrary to our findings, mean TWI in that population was nearly identical to
the EFSA reference Al for both genders.

The comparison is difficult to do when we want to compare American and Spanish populations.
The NHANES study, developed in the US between 2005 and 2010, used the proposal by the Institute
of Medicine of the United States of America (IOM) as reference value, set as 3.7 L/day for men and
2.7 L/day for women [19]. This leads us to consider the need to investigate why the recommendations
of the EFSA and the IOM are so different if both recommendations include the water from both food
and beverage sources. The clarification of this issue deserves further study.

Mean daily EI was 1809 kcal/day (SE 11.1), of which 12% was provided by the beverages, close
to the 10% proposed by some international authorities (EFSA, WHO) [15,20] who recommended
that no more than 10% of the daily calorie intake should come from beverages. In the NHANES
study [21], the proportion of energy from beverages was 21%, while it was 16% in the British study [16].
Regarding this issue, in recent years, the impact of caloric soft drink consumption on obesity and
metabolic disorders has come under intense scrutiny and debate worldwide [22-25], and large
differences between countries have been observed. The present study showed that for the entire
Spanish population, caloric soft drinks contributed only 2% of the total EI, or 41.4 kcal/day (SE 1.5)
out of a total EI of 1809 kcal/day (SE 11.1). Lower consumption was seen in older adults, at 26.5 g/day
(SE 6.6). Higher consumption was found among adolescents, at 167 g/day (SE 19.1), followed by
adults and children, with similar mean consumptions of 114.2 g/day (SE 6.3) and 113 g/day (SE 14.8),
respectively). This finding is perhaps one of the most interesting findings of our study. The relatively
low contribution of caloric soft drinks to the EI could be attributable to the Mediterranean pattern of
consumption that this society keeps. By contrast, the NHANES study of the United States [21] has
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the highest contribution to EI from sweetened beverages. For adults, soda accounted for near 6% of
energy intake.

On the other hand, beverage consumption is uneven throughout the day; in this study, it tended
to be concentrated at lunchtime and was slightly higher on Fridays in men and on Saturdays in women.
Although we did not find large variation, these findings reflect certain cultural trends of consumption
that appear to be attributable to a higher intake of alcoholic beverages on weekends among both
genders. The contribution of alcoholic drinks to the diet in the ANIBES study (135.7 g/day, SE 7.5)
was slightly higher than that in the ENIDE dietary survey of Spanish adults in 2011 (117 g/day) [7].
It is important to note that beverages with lower alcohol content (beer, wine, and cider) represented
over 90% of the energy contribution in adult and older populations. Furthermore, although these
data are of the highest quality obtainable, alcohol intake is one of the dietary components for which
underreporting may occur, especially among women and participants with higher education and
socioeconomic levels [26,27]. In fact, the reported amount of alcohol consumed by men was twice
that reported by women in this study. Anyway, this relatively high consumption of alcohol shown
could also be attributable to the Mediterranean dietary pattern that certainly remains rooted in Spanish
society. The Spanish Society of Community Nutrition (SENC) recommends the maximum consumption
of 1 to 1.5 servings/day of alcoholic beverages in women and 2 to 2.5 servings/day for adult males
in the context of a Mediterranean balanced diet. Consumption of alcoholic beverages is associated
with a more or less healthy dietary pattern. The types of alcoholic beverages that are closer to the
Mediterranean environment are [28] fermented drinks, wine, beer, and cider consumed during the
principal meals.

The strengths of this study include the careful design, protocol, and methodology used in the
ANIBES study. The present analysis can be used to inform approaches to improving the overall quality
of diet and hydration status of the Spanish population.

Two important limitations of this study must be noted. This study is a cross-sectional design,
which provides evidence for association but not causal relationships. The second limitation is that,
for logistical reasons, there was no inclusion of a hydration biomarker, which would allow assessment
of dietary beverage intake and hydration status without the bias of self-reported dietary intake and
also intra-individual variability. This biomarker should be included in further studies.

5. Conclusions

The present study shows clearly that neither men nor women consumed adequate TWI when
compared with EFSA reference values. The ANIBES study demonstrated that well-conducted national
surveys have the potential to yield rich contextual value data that can emphasize the need to undertake
appropriate health and nutrition policies to increase the total water intake at the population level,
promoting a healthy Mediterranean hydration pattern.
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Appendix

Table A1l. Regression model estimating change in energy intake associated with adding caloric
beverages in place of non-caloric beverages.

Model 1
o .
B p Value 95% Confidence Interval for B

Lower Upper
(Constant) 1597.476 <0.001 1507.809 1687.144
Gender men 253.295 <0.001 211.937 294.653
Age (years) —4.715 <0.001 —5.931 —3.499
Weight (kg) —2.722 <0.001 —3.956 —1.488
Physical activity ~ active —34.556 0.092 —74.704 5.592
Total beverages (100 g/day) 18.191 <0.001 14.541 21.841
5caloricbeverages (100 g) * 49.817 <0.001 42.757 56.877
Model 2: Keeping Food Constant

o .
B p Value 95% Confidence Interval for B

Lower Upper
(Constant) 46.798 <0.001 27.063 66.533
Gender men 22.655 <0.001 15.224 30.085
Age (years) —0.969 <0.001 —1.182 —0.755
Weight (kg) —0.286 0.009 —0.502 —0.070
Physical activity ~ active 3.582 0.316 —3.424 10.589
Food (Kcal) 1.005 <0.001 0.997 1.012
Total beverages (100 g) —0.889 <0.008 —1.542 —0.235
5caloricbeverages (100 g) * 40.079 <0.001 38.845 41.312

* “5caloricbeverages” = sum of hot beverages, milk, fruit & vegetable juice, caloric soft drinks and

alcoholic drinks.

Table A2. Within-person change Model: estimated change in energy intake associated with
beverage substitution.

Model 3: Estimated Effect of Substituting Each Beverage Type *

95% Confidence Interval for B

Changes in: B p Value

Lower Upper
Hot beverages (100 g) —29.080 0.016 —52.833 —5.326
Milk (100 g) 6.539 0.506 —12.726 25.804
Fruit & vegetable juice (100 g) 47.147 0.030 4.578 89.716
Caloric soft drink (100 g) 17.681 0.155 —6.706 42.069
Diet soft drink (100 g) —35.621 0.069 —73.997 2.755
Alcoholic drinks (100 g) 18.612 0.027 2.128 35.096
Water (100 g) —34.139 <0.0001 —42.263 —26.014

Model 4: Estimated Effect of Caloric Beverages Replacing Non-Caloric Beverages

95% Confidence Interval for B

B p Value
Lower Upper
Change in total beverages (100 g) —6.083 0.007 —10.485 —1.682
Change in caloric beverages (100 g) ~ 43.387 <0.0001 34.702 52.071
Model 5: Estimated Effect of Caloric Beverages Replacing Caloric Beverages, Holding Food Energy
Constant
B p Value 95% Confidence Interval for B
Lower Upper
Change in food energy (100 kcal) 103.626 <0.0001 102.587 104.666
Change in total beverages (100 g) —7.718 <0.0001 —8.701 —6.735
Change in caloric beverages (100 g) ~ 34.232 <0.0001 32.292 36.173

* Model 6 is a composite of 7 regressions, one for each beverage, adjusted for change in total beverages.

16



Nutrients 2016, 8, 232

References

1.  Maughan, R. Impact of mild dehydration on wellness and on exercise performance. Eur. . Clin. Nutr. 2003,
57,519-523. [CrossRef] [PubMed]

2. Watson, P; Whale, A.; Mears, S.A.; Reyner, L.A.; Maughan, R.J. Mild hypohydration increases the frequency
of driver errors during a prolonged, monotonous driving task. Physiol. Behav. 2015, 147, 313-318. [CrossRef]
[PubMed]

3. Nissensohn, M.; Castro-Quezada, I.; Serra-Majem, L. Beverage and water intake of healthy adults in some
European countries. Int. |. Food Sci. Nutr. 2013, 64, 801-805. [CrossRef] [PubMed]

4. Serra-Majem, L. Opening remarks: The burden of disease attributable to hydration in Europe. Nutr. Hosp.
2015, 32, 10260. [PubMed]

5. Frangeskou, M.; Lopez-Valcarcel, B.; Serra-Majem, L. Dehydration in the Elderly: A Review Focused on
Economic Burden. J. Nutr. Health Aging 2015, 19, 619-627. [CrossRef] [PubMed]

6.  Bach-Faig, A.; Fuentes-Bol, C.; Ramos, D.; Carrasco, ].L.; Roman, B.; Bertomeu, LE; Cristia, E.; Geleva, D.;
Serra-Majem, L. The Mediterranean diet in Spain: Adherence trends during the past two decades using the
Mediterranean Adequacy Index. Public Health Nutr. 2011, 14, 622-628. [CrossRef] [PubMed]

7. Spanish Agency for Food Safety and Nutrition (AESAN). ENIDE: Encuesta Nacional de Ingesta Dietética
Espanola 2011. Available online: http:/ /www.aesan.msc.es (accessed on 12 January 2015).

8. Ruiz, E.; Avila, J.M.; Castillo, A.; Valero, T.; del Pozo, S.; Rodriguez, P.; Aranceta Bartrina, J.; Gil, A.;
Gonzalez-Gross, M.; Ortega, R.M.; et al. The ANIBES study on energy balance in Spain: Design, protocol and
methodology. Nutrients 2015, 7, 970-998. [CrossRef] [PubMed]

9. Ruiz, E.; Avila, J.M.; Valero, T.; Del Pozo, S.; Rodriguez, P.; Aranceta-Bartrina, J.; Gil, A.; Gonzélez-Gross, M.;
Ortega, R.M.; Serra-Majem, L.; et al. Energy intake, profile, and dietary sources in the Spanish population:
Findings of the ANIBES study. Nutrients 2015, 12, 4739-4762. [CrossRef] [PubMed]

10. Varela Moreiras, G.; Avila, J.M.; Ruiz, E. Energy Balance, a new paradigm and methodological issues:
The ANIBES study in Spain. Nutr. Hosp. 2015, 31, 101-112. [PubMed]

11. Willet, W.C. Issues in Analysis and Presentation of Dietary Data. Nutritional Epidemiology, 2nd ed.;
Oxford University Press: New York, NY, USA, 1998.

12. Roman-Viias, B.; Serra-Majem, L.; Hagstromer, M.; Ribas-Barba, L.; Sjostrom, M.; Segura-Cardona, R.
International physical activity questionnaire: Reliability and validity in a Spanish population. Eur. J.
Sport Sci. 2010, 10, 297-304. [CrossRef]

13.  Moreiras, O.; Carbajal, A.; Cabrera, L.; Cuadrado, C. Tablas de Composicion de Alimentos/Guia de Pricticas,
16th ed.; Ediciones Piramide: Madrid, Spain, 2013.

14.  Sociedad Espaiiola de Nutricién Comunitaria (SENC). Objetivos nutricionales para la poblacién espariola.
Consenso de la Sociedad Espanola de Nutricion Comunitaria, 2011. Rev. Esp. Nutr. Comunitaria 2011, 17,
178-199.

15. EFSA Panel on Dietetic Products, Nutrition, and Allergies (NDA). Scientific opinion on dietary reference
values for water. EFSA J. 2010, 8, 1459.

16.  Gibson, S.; Shirreffs, S.M. Beverage consumption habits “24/7” among British adults: Association with total
water intake and energy intake. Nutr. J. 2013, 10, 9. [CrossRef] [PubMed]

17. INE 2011: Instituto Nacional de Estadistica: Censos de Poblacién y Viviendas, 2011. Available online:
http:/ /www.ine.es/censos2011_datos/cenl1_datos_inicio.htm (accessed on 2 November 2015).

18. Encuesta Nacional de Salud 2011-2012. Available online: http://www.msssi.gob.es/estadEstudios/
estadisticas/encuestaNacional /encuesta2011.htm (accessed on 12 January 2015).

19. Institute of Medicine. Dietary reference intakes for water, potassium, sodium, chloride and sulfate. In Food
and Nutrition Board; The National Academies Press: Washington, DC, USA, 2004.

20. WHO/FAO. Diet, Nutrition and the Prevention of Chronic Diseases; Report No. 916; World Health Organization:
Geneva, Switzerland, 2002.

21.  Drewnowski, A.; Rehm, C.D.; Constant, F. Water and beverage consumption among adults in the United
States: Cross-sectional study using data from NHANES 2005-2010. BMC Public Health 2013, 12, 1068.
[CrossRef] [PubMed]

22.  Lustig, R.; Schmidt, L.; Brindis, C. The toxic truth about sugar. Nature 2012, 482, 27-29. [CrossRef] [PubMed]

17



Nutrients 2016, 8, 232

23.

24.

25.

26.

27.

28.

Johnson, RJ.; Segal, M.S.; Sautin, Y.; Nakagawa, T.; Feig, D.I; Kang, D.H.; Gersch, M.S.; Benner, S.;
Sanchez-Lozada, L.G. Potential role of sugar (fructose) in the epidemic of hypertension, obesity and the
metabolic syndrome, diabetes, kidney disease, and cardiovascular disease. Am. . Clin. Nutr. 2007, 86,
899-906. [PubMed]

Johnson, R.K.; Appel, L.J.; Brands, M.; Howard, B.V.; Lefevre, M.; Lustig, R.H.; Sacks, F.; Steffen, L.M.;
Wylie-Rosett, J. American Heart Association Nutrition Committee of the council on Nutrition,
Physical Activity, and Metabolism and the Council on Epidemiology and Prevention. Dietary sugars
intake and cardiovascular health: A scientific statement from the American Heart Association. Circulation
2009, 24, 1011-1020.

Malik, V.S.; Popkin, B.M.; Bray, G.A.; Despres, ].P.; Hu, EB. Sugar-sweetened beverages, obesity, type 2
diabetes mellitus, and cardiovascular disease risk. Circulation 2010, 121, 1356-1364. [CrossRef] [PubMed]
Johansson, L.; Solvoli, K.; Gunn-Elin, A.B.; Drevon, C.A. Under- and overreporting of energy intake related
to weight status and lifestyle in a nationwide sample. Am. J. Clin. Nutr. 1998, 68, 266-274. [PubMed]
Rasmussen, L.B.; Matthiessen, J.; Biltoft-Jensen, A.; Tetens, 1. Characteristics of misreporters of dietary intake
and physical activity. Public Health Nutr. 2007, 10, 230-237. [CrossRef] [PubMed]

Serra-Majem, L.; Bach-Faig, A.; Raid6-Quintana, B. Nutritional and cultural aspects of the Mediterranean diet.
Int. ]. Vitam. Nutr. Res. 2012, 82, 157-162. [CrossRef] [PubMed]

® © 2016 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution
BY

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

18



nutrients ﬁw\n\py

Article

Water Intake and Hydration Indices in Healthy
European Adults: The European Hydration
Research Study (EHRS)

Olga Malisova 1 Adelais Athanasatou !, Alex Pepa 1 Marlien Husemann 2, Kirsten Domnik 2,
Hans Braun 2, Ricardo Mora-Rodriguez 3 JuanE. Ortega 3, Valentin E. Fernandez-Elias 3 and
Maria Kapsokefalou 1*

1 Unit of Human Nutrition, Department of Food Science and Human Nutrition, Agricultural University

of Athens, 75 Iera Odos Str., Athens 11855, Greece; olgamalisova@yahoo.gr (O.M.);
dathanasatou@gmail.com (A.A.); alekspepa@gmail.com (A.P.)

Institute of Biochemistry, German Sport University, Cologne 50993, Germany;
m.husemann@biochem.dshs-koeln.de (M.H.); kirsten.domnik@gmx.de (K.D.); h.braun@dshs-koeln.de (H.B.)
Exercise Physiology Lab at Toledo, University of Castilla-la Mancha, Toledo 13071, Spain;
ricardo.mora@uclm.es (R.M.-R.); juanfernando.ortega@uclm.es (J.F.O.);

valentin.fernandez@uclm.es (V.E.E-E.)

*  Correspondence: kapsok@aua.gr; Tel.: +30-210-529-4708

Received: 29 January 2016; Accepted: 30 March 2016; Published: 6 April 2016

Abstract: Hydration status is linked with health, wellness, and performance. We evaluated hydration
status, water intake, and urine output for seven consecutive days in healthy adults. Volunteers living
in Spain, Germany, or Greece (1 = 573, 39 + 12 years (51.1% males), 25.0 + 4.6 kg/m? BMI) participated
in an eight-day study protocol. Total water intake was estimated from seven-day food and drink
diaries. Hydration status was measured in urine samples collected over 24 h for seven days and
in blood samples collected in fasting state on the mornings of days 1 and 8. Total daily water
intake was 2.75 + 1.01 L, water from beverages 2.10 + 0.91 L, water from foods 0.66 + 0.29 L.
Urine parameters were: 24 h volume 1.65 + 0.70 L, 24 h osmolality 631 + 221 mOsmol/kg H,O, 24 h
specific gravity 1.017 + 0.005, 24 h excretion of sodium 166.9 + 54.7 mEq, 24 h excretion of potassium
724 + 24.6 mEq, color chart 42 + 1.4. Predictors for urine osmolality were age, country, gender,
and BMI. Blood indices were: haemoglobin concentration 14.7 + 1.7 g/dL, hematocrit 43% + 4% and
serum osmolality 294 + 9 mOsmol/kg H,O. Daily water intake was higher in summer (2.8 + 1.02 L)
than in winter (2.6 + 0.98 L) (p = 0.019). Water intake was associated negatively with urine specific
gravity, urine color, and urine sodium and potassium concentrations (p < 0.01). Applying urine
osmolality cut-offs, approximately 60% of participants were euhydrated and 20% hyperhydrated or
dehydrated. Most participants were euhydrated, but a substantial number of people (40%) deviated
from a normal hydration level.

Keywords: hydration status; water intake; hydration indices; urine; blood; seasonality; country

1. Introduction

The evaluation of hydration status in the general population in free-living and/or under special
conditions such as in disease or in the work environment is of unequivocal importance for public
health. This is because dehydration is linked with reduced physical and cognitive performance [1] or
disease [2,3].

Hydration status reflects the balance between water intake and loss. Water intake includes,
approximately, 20% contribution of water from solid foods and 80% contribution of water from
beverages and drinking water [4-6]. It follows that water intake, although mostly driven by thirst,
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depends on a variety of factors such as eating and drinking habits and preferences or availability of
foods and beverages [7-9]. Water loss consists mainly from excretion of water in urine, respiratory
water, feces and sweat [10]. Since the contribution of sweat in water loss is higher in a physically
active person and in hot weather [11], water loss is affected by physical activity levels and season.
Therefore, water loss is highly variable, even in healthy individuals, depending on the lifestyle of the
individual and on environmental conditions or geographical location.

Data on water intake in relation to hydration status in population groups in free-living conditions
are scarce. This constitutes a knowledge gap and consequently an obstacle in supporting initiatives
for improving the hydration of the population. There is an urgent need to build databases on the
estimation of water intake and of hydration status in the population.

Selecting the appropriate research tools for evaluating water intake and hydration status is
crucial. Seven day diaries, in which all foods and beverages consumed are recorded, may present
advantages in reflecting intake [12] compared with other tools, such as 24 h recall or food frequency
questionnaires [13]. A synthesis of indices in urine and blood samples [3,12,14-17] is necessary for
the evaluation of hydration status of individuals or population groups, as there is no single index to
reflect hydration status [12,18,19]. Yet, measuring a series of hydration indices in samples collected
over seven days instead of spot urine [20] may provide advantages since this approach incorporates
factors that fluctuate during the week and affect hydration status, such as eating and drinking habits,
physical activity, and environmental conditions.

The objectives of the study were to assess hydration status, water intake and urine output in
summer and winter over seven days in a sample of healthy adults in three European countries.

2. Materials and Methods

Participating centers were the Agricultural University of Athens, Greece (GR), the German
Sport University, Cologne (GER), Germany, and the University of Castilla La Mancha, Spain (ESP).
The study was conducted in population living in the metropolitan areas of Athens, Cologne, and Toledo,
respectively, in parallel and following identical protocols during winter (1-3/2013, 12/2013, 1-2/2014)
and summer (6-8/2013, 6-7/2014). Five hundred and seventy three subjects aged 20-60 (39 + 12 years)
(51.1% males) with a BMI 25.5 + 4.2 kg/ m?2 for males and 24.5 + 4.9 kg/ m? for females were enrolled
in the study. Subjects were adults aged 20-60 years with approximately equal numbers in each decade
of life. Demographic factors such as ethnic origin, living conditions, marital status, and other were not
considered to further stratify the sample.

The study protocol was approved by the Research Ethics Committee in each center involved
(197 /27-02-2012 for Agricultural University of Athens, Greece, 4/02/213-18 for University of Castilla
La Mancha, Spain, 1/26-11-2012 for German Sport University, German). Written informed consent
was obtained from all subjects. Exclusion criteria were disease (diabetes insipidus, renal disease,
liver disease, gastrointestinal diseases or problems, cardiac or pulmonary diseases, disease that
limits mobility including muscle-skeletal diseases, or orthopedic problems), pregnancy, lactation,
hypertensive under severe salt restriction, taking drugs that are, or contain, diuretics, phenytoin,
lithium, demeclocycline, or amphotericin, and following a high-protein and/or hypocaloric diet.
Subjects were rescheduled or omitted if they caught flu (cold) or had fever, vomiting, and/or diarrhea
or menstruation during the data collection period. Data from subjects who lost or gained more than
2% of body mass between day 1 and 8 were discarded. Additionally, data from subjects with values
of creatinine excretion rate (CER) >3500 mg/day or <350 mg/day were revealing inaccurate 24 h
urine collection [21], consequently four subjects who had CER >3500 mg/day were excluded from
the analyses. Twenty-eight subjects did not complete the protocol (13 in winter, 15 in summer) for
personal reasons.
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2.1. Recruitment

Recruitment started two weeks before, and continued throughout, the study period.
Recruitment strategy included invitations (a) sent by email to the non-academic and academic
personnel of the three study centers; (b) uploaded on social media and published in local newspapers;
(c) uploaded on internet sites related to nutrition; (d) distributed in paper at various non-academic
places; (e) sent by email to other academic and social work institutions in the greater area of the centers
involved (f) distributed at any seminar that the research teams were giving. Volunteers expressing
interest for participating to the study completed a screen questionnaire in order to detect any of
the exclusion criteria. If admitted to the study, subjects received the study protocol in writing,
verbal responses to any questions they had on the purpose of the study, detailed instructions on study
procedures including recording of food, drink and urination, and signed an informed consent form.

2.2. Study Protocol

Subjects entering the study received a small back pack containing instruction sheet for study
protocol; a diary for recording urine volume; a kitchen scale readable to 1 g; a urine collection container;
eight Zip-loc bags, seven of them containing 10 screw cap tubes (10 mL) for urine sampling, each labeled
with subject code number, day, and urination time and one Zip-loc bag containing one screw cap
tube (10 mL) for urine sampling in the morning of the eighth day. Additionally, subjects received a
styrofoam box (30 x 50 x 20 cm) and/or ice packs for the storage of samples. Furthermore, each subject
received (a) a seven day diary (7DD) to report in detail foods, drinks, water, wake up time, bed time;
(b) a physical activity questionnaire (Short version of the International Physical Activity Questionnaires;
IPAQ) [22] for each day of the week; and (c) a questionnaire including a series of questions regarding
the profile of the individual, behavior and knowledge about hydration. A mini interview on motives
and barriers to good hydration was conducted on the first day of the study period of each individual.

Subjects entered the study on different days of the week in order to achieve a reasonable
distribution of starting days over the week. On study day 1 subjects arrived fasted at the study center
between 7:00 and 9:30, bringing a weighted sample of their first morning urine void. Upon arrival,
participants’ body height was measured was with mechanical sliding scale (Seca 711 Mechanical Sliding
Weight Beam Scale) and mass measured with electronic digital scale (TANITA, Body Composition
Analyser, TBF 300) wearing underwear and no shoes. They were also instructed to sit for approximately
15-20 min while filling in study questionnaires. Subsequently, a blood sample (5 mL) from a vein in
the forearm was collected without stasis.

On days 1-7, while going about their normal daily routine, subjects recorded their food and
drink consumption based on portion sizes and/or package information, collected and recorded
the weight of each urination and of time of collection and retained a sample in a numbered tube,
as instructed. Subjects stored the urine tubes in their refrigerator or in the styrofoam box using ice
packs until arrival to the refrigerator. On day 8, following an overnight fast, subjects visited the
laboratory, delivered their first morning urine sample, blood samples were taken and body mass
was measured as on day 1. Urine collection of each day was from 00:00 to 24:00. A reconstituted
sample of 10 mL for each day consisted of samples from all samples that were collected during the 24 h
period. The ratio of the volume of each urination per 24 h volume was calculated. The contribution
of each urination to the reconstituted sample of 10 mL was calculated so that the volume ratio of
each urination per 10 mL was the same to that of the volume ratio of each urination per the 24 h
volume. Urine color was determined via the eight-point urine color chart developed by Armstrong
(1994), urine and serum osmolality were measured in duplicate using freezing-point osmometer
(Cryoscopic Osmometer, Osmomat 030, Gonotec). Urine and serum sodium and potassium were
measured by ion selective electrode methods and urine creatinine was measured by the Jaffe enzymatic
colorimetric method (Cobas Integra 400 plus). Urine specific gravity was measured with a pen
refractometer (Master Reftractometer, Atago, cat. No. 2771). Urine volume was measured with an
electronic digital scale (Soehnle Fiesta 65106). Hematocrit was determined via Micro Hematocrit
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Centrifuge (model, KHT-400), hemoglobin via spectrophotometer absorption (Pointe Scientific Inc.
Hemoglobin Reagent Set, Canton, MI, USA). Finally, 7DD were analyzed with Diet Analysis plus
version 6.1 (ESHA Research, Wadsworth Publishing Co. Inc., Salem, OR, USA) for the Greek population,
PCN CESNID version 1.0 (Centre D’Ensenyament Superior De Nutricio I Dietetica, University of
Barcelona, Barcelona, Spain) for the Spanish population and EBIS pro (German Food Database 3.1,
University of Hohenheim, Stuttgart, Germany) for the German population.

Meteorological conditions (minimum and maximum temperature; relative humidity, precipitation)
were provided by the nearest weather station of the center on each of the sampling days.

2.3. Statistical Analysis

Continuous variables are expressed as mean + standard deviation for variables following normal
distribution. Normal distribution of all continuous variables was tested with the parametric test
Shapiro-Wilk or graphically assessed by histograms. Correlations between variables were evaluated
using Pearson’s or Spearman’s correlation coefficient. Differences between genders and seasons (P1-P4)
were derived through Student’s t-test for normally distributed variables. Differences among countries
(P5) and among hyperhydrated, euhydrated, and dehydrated subjects were derived through One Way
Anova test for normally distributed variables. Post hoc comparisons among countries were performed
using Bonferroni test. The multivariate associations between variables were assessed using linear
regression models, adjusted for all biologically plausible confounders. Subjects with missing some
day value in one variable were not excluded from the analysis; the average of the week value was
calculated from the remaining data. Statistical analysis was performed by SPSS package, version 16.1
(SPSS Inc., Chicago, IL, USA). We deemed statistical significance at « = 0.05.

3. Results

The population of the study that completed the protocol consisted of 573 subjects
(age 39 + 12 years; 280 females). 297 subjects (age 39 + 12 years; 155 females) completed the protocol
in the summer period. The mean BMI of males was 25.5 + 4.2 kg/ m? and females 24.5 + 4.9 kg/ m?2
(p =0.012).

3.1. 24 h Urine Samples

Mean hydration indices (sodium, potassium, osmolality, urine volume, specific gravity, color) for
24 h urine samples from the seven days collection for males and females in winter and summer period
and for each country are presented in Table 1.

Urine samples of men were more concentrated, as they had higher osmolality, specific gravity,
and darker color. Women'’s lower osmolality values are in agreement with the finding that quantities of
sodium, potassium, and creatinine over a 24 h period (p < 0.001) are lower in women. There were also
significant sex differences in summer period for most urine indices; females produced less concentrated
urine of lower osmolality (p < 0.001) and excreted lower quantities of sodium and potassium (p < 0.001
and p = 0.016, respectively). Differences were observed in all urinary hydration indices (p < 0.001)
among countries.
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3.2. Blood Indices

Differences in serum osmolality (p = 0.001), hemoglobin and hematocrit were observed between
genders (p < 0.001; Table 2). All indices were within the physiological ranges. In the summer population
no differences were observed in serum glucose (p = 0.081), serum sodium (p = 0.166), and serum
potassium (p = 0.092) between males and females.

Table 2. Blood and serum hydration indices of participants in winter and summer.

Glucose Serum Osmolality Sodium Potassium
0
Hb (g/dL)  Htc (%) (mmol/L)  (mOsmol/kg H,0)  (mEq/L) (mEq/L)
Male 153+ 15 45+3 4.67 +0.46 297 +10 143.0 + 4.9 44404
Winter Female 141+ 16 2+4 4734052 294 +10 1416 + 3.9 44404
Total 147+ 17 43+4 470 +0.49 296 + 10 1424 + 45 44404
Male 155+ 15 45+3 5.02 + 1.09 293 +7 1433 +5.1 45405
Summer Female 14.0 + 1.6 41 +4 4.88 +1.59 291 + 8 1447 +11.3 4.6 + 0.6
Total 147+ 17 43+4 494 +1.37 292+8 144.0 + 8.9 46406
Pl <0.001 <0.001 0.339 0.015 0.020 0.580
P2 <0.001 <0.001 0.388 0.081 0.166 0.064
P3 0.824 0397 0.005 <0.001 0.005 <0.001
Total Male 154 +15 45+3 4.84 +0.85 295 +9 143.1 + 5.0 45405
Winter & Total Female ~ 14.0 + 1.6 4244 481+ 1.24 29249 1433 + 89 45405
inter &Summer o) Gample 147 + 17 43+4 4.83 +1.06 29449 1432 472 45405
P4 <0.001 <0.001 0.724 0.001 0717 0.159
German 143+13* 43 +3*%  452+143%# 298 + 11 1410 +17%  45+04%
Country Spain 152413  46+3% 4.96 + 0.39 289+ 8+ 1412426+  44405%
Greece 146 +23 41+4 5.07 +0.97 294+6 1485+ 114  46+06
P5 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

p-values derived through Student’s t-test for differences between genders and season; and one-way ANOVA
among countries; * significant difference between German and Spain; # significant difference between German
and Greece; * significant difference between Spain and Greece; P1 refers to comparisons between gender for
winter, P2 refers to comparisons between gender for summer, P3 refers to comparisons between summer and
winter for the total sample (males and females together), P4 refers to comparisons between males and females
(winter and summer together), and P5 refers to comparisons between countries.

3.3. Total Water Intake

Total water intake, water from beverages, water from foods, total energy intake, and energy
from beverages are presented by gender, season, and country (Table 3). Water intake from beverages
is correlated positively with total water intake (rtho = 0.955, p < 0.001), energy intake (rho = 0.297,
p <0.001), and energy intake from beverages (rho = 0.576, p < 0.001). Daily water intake and water
intake from beverages were higher in the summer compared to the winter period (p = 0.019 and
p = 0.027 respectively). Differences were also observed between genders; when compared to females,
males recorded higher total water (2.93 + 1.10 L/day) and energy intake (2329 + 686 kcal/day),
consumed more water from beverages (2.27 + 1.02 L/day) and received more calories from beverages
(320 + 219 kcal/day) (p < 0.001). Water intake derived from foods was higher in males compared to
females totally (p = 0.027), but no differences were observed between seasons.
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Table 3. Daily intake of water from all sources, from beverages and foods, separately of participants in

winter and summer periods.

Total Water Water from Water from Total Energy Energy from
Intake (L/Day) Beverages (L/Day)  Foods (L/Day)  Intake (kcal/Day) Beverages (kcal/Day)
Male 2.77 £1.10 212 +1.09 0.67 +0.31 2248 + 659 302 + 203
Winter Female 249 +0.80 1.89 +0.71 0.61 +0.25 1913 + 477 258 + 143
Total 2.64 +0.98 2.01 +0.94 0.64 +0.29 2093 + 605 282 +179
Male 3.09 + 1.07 2414093 0.69 +0.29 2413 + 706 338 +233
Summer Female 2,61 +0.91 1.97 +0.75 0.64 +0.29 1989 + 580 254 + 141
Total 2.84 +1.02 2.18 +0.87 0.68 + 0.29 2192 + 676 294 +195
P1 0.014 0.034 0.075 <0.001 0.038
P2 <0.001 <0.001 0.152 <0.001 0.001
P3 0.019 0.027 0.339 0.068 0.430
Total Male 2.93 + 1.10 2.27 +1.02 0.68 + 0.30 2329 + 686 320 + 219
Winter & S Total Female 2.55 + 0.86 1.93 +0.73 0.63 +0.27 1955 + 537 256 + 142
Infer & SUMMEr - Total Sample 275+ 1.01 210+ 091 0.66 + 0.29 2148 + 644 288 + 188
P4 <0.001 <0.001 0.027 <0.001 <0.001
German 3.29 +0.98*# 249 +0.87 +# 0.81 +0.27 *# 2412 + 609 ** 358 + 240 *#
Country Spain 2.55 +0.98 1.96 + 0.95 0.61 +0.29 * 2214 + 633 * 296 + 145 *
Greece 2.35+0.77 1.82+0.74 0.54 +0.23 1777 + 512 203 + 113
P5 <0.001 <0.001 <0.001 <0.001 <0.001

p-values derived through Student’s t-test for differences between genders and season; and one-way ANOVA
among countries; * significant difference between German and Spain; # significant difference between German
and Greece; * significant difference between Spain and Greece; P1 refers to comparisons between genders for
winter, P2 refers to comparisons between gender for summer, P3 refers to comparisons between summer and
winter for the total sample (males and females together), P4 refers to comparisons between males and females
(winter and summer together), and P5 refers to comparisons between countries.

3.4. Classification of Subjects

Subjects were further classified as hyperhydrated, euhydrated, and dehydrated according to
reference values of 24 h urine osmolality for men and women [16,17]; classification is presented in

summary in Figure 1, and in detail in Table 4.
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Figure 1. Distribution of hyperhydrated, euhydrated, and dehydrated (a) females and (b) males.
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Table 4. Water intake and 24 h urine indices of females and males, according to the categories of

hydration status based to urine osmolality.

Categories of Hydration Status According to Urine Osmolality (mOsm/kg H;0)

Hyperhydrated Euhydrated Dehydrated P
(<383) (383 to 810) (>810)
Females, % (n) 23.2 (64) 58.0 (160) 18.8 (52)
Total water intake (L/day) 3.36 + 1.02 242 +0.61 2.02 + 0.65 <0.001
Water from beverages (L/day) 2.60 + 0.91 1.81 +0.49 1.53 + 0.57 <0.001
24 h urine volume (L) 2514073 1.54 +£ 0.52 1.00 + 0.25 <0.001
24 h urine specific gravity 1.009 + 0.002 1.016 + 0.004 1.023 + 0.003 <0.001
24 h urine color 3.0+12 39+12 55+12 <0.001
24 h urine Na (mEq/day) 1294 £37.1 158.7 £ 59.1 166.3 + 54.2 <0.001
24 h urine K (mEq/day) 73.9 £ 36.5 67.6 + 21.6 65.4 +20.1 0.153
24 h urine creatinine (mg/day) 1137.6 +249.1 1362.5 + 494.0 1363.6 + 429.6 0.002
(<475) (475 to 880) (>880)
Males, % (1) 19.4 (55) 61.8 (181) 18.8 (54)
Total water intake (L/day) 3.59 + 1.04 2.8 +0.99 2.64 +1.25 <0.001
Water from beverages (L/day) 2.83 +1.00 2.15+0.86 2.08 +£1.31 <0.001
24 h urine volume (L) 2.45 4+ 0.69 1.56 + 0.46 1.00 +0.24 <0.001
24 h urine specific gravity 1.011 £ 0.002 1.018 + 0.003 1.025 + 0.02 <0.001
24 h urine color 3.6+14 43+ 1.1 59+1.0 <0.001
24 h urine Na (mEq/day) 156.4 + 50.0 187.7 + 46.4 180.1 £ 59.5 <0.001
24 h urine K (mEq/day) 76.9 +19.9 77.7 £244 69.8 +20.2 0.091
24 h urine creatinine (mg/day) 1517.7 + 399.02 1862.9 + 483.3 17712 + 5221 <0.001

Results are presented as mean + SD; p-values derived through one-way ANOVA for the normally
distributed variables.

It was observed that 23.2%, 58.0%, and 18.8% of females and 19.4%, 61.8%, and 18.8% of males
classified to the hyperhydrated, euhydrated, and dehydrated categories, respectively. Subjects that
were classified to the hyperhydrated category also had higher total water intake (p < 0.001), greater
urine volume (p < 0.001), lower specific gravity (p < 0.001), lighter color (p < 0.001), lower sodium and
creatinine concentration (p < 0.001), and higher water intake from beverages (p < 0.001).

3.5. Linear Regression Model

Age (Beta = —4.033, p < 0.001), country (Beta = 81.196, p < 0.001), sex of subjects (Beta = 90.447,
p < 0.001) and BMI (Beta = 9.146, p < 0.001) were significant predictors of 24 h urine osmolality while
season and physical activity were not. The overall model fit was R? = 0.208.

The age (Beta = 0.007, p = 0.009) and the country (Beta = -0.396, p < 0.01) of the subjects were
predictors of 24 h urine volume. The overall model fit was R? = 0.224. Country (Beta = —0.244,
p =0.001), sex of subjects (Beta = 0.473, p < 0.01), age (Beta = —0.013, p = 0.018), and BMI (Beta = 0.046,
p = 0.002) were significant predictors of 24 h urine color. The overall model fit was R? = 0.068.

4. Discussion

For the first time, a series of urine hydration indices from 24 h samples collected over seven
consecutive days and blood hydration indices were measured in a sample of 573 healthy participants in
three European countries and compared with water intake from seven day dietary records. The study
contributes with new data to the literature referring to European hydration issues, allowing the
observation of associations between water intake and hydration biomarkers.

Data in large populations groups of hydration indices are rare. Urine and blood hydration indices
provide information that reflect water intake, water losses, and physiological processes. The present
study is the first that measures fluid intake and urine output in a sample of the population from three
countries at the same time using alike methodology. A demanding protocol for the collection of water
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intake information and urine samples, incorporates fluctuations in intake, and indices within the day
and the week.

Urine hydration indices (24 h osmolality, volume, and color) were associated with age, gender,
BMI, and country.

Country, gender, and age were found to be significant predictors of 24 h urine osmolality.
This finding is in accordance with the review from Manz and Wentz [23], that describes large
intercultural differences in 24 h urine osmolality values (from 360 to 860 mosm/kg). In our study
values of 24 h urine osmolality, specific gravity, and color were significantly lower in the German
population compared with the Spanish or Greek (p < 0.05 in all cases), while 24 h urine volume was
significantly higher (p < 0.05). Total water intake and water intake from beverages was significantly
higher in the German population than the Spanish or Greek populations. These differences may be
attributed to dietary habits observed in the regions studied, partly related to the availability of local
foods or beverages.

Regarding gender, women, in comparison to men had better hydration status. This may reflect
different hydration, dietary and/or lifestyle choices between men and women. In general, women
exhibit a more virtuous pattern of eating and food choices than men [24]. A study conducted in
23 countries showed that men’s dietary choices were less healthy, because health is less important
motivation to them in the food domain [25]. Women seem to be more reflective about health issues
and foods. Therefore, when it comes to adopting hydration guidelines there may be analogies with
adopting nutritional guidelines in men and in women.

Age was a significant predictor for 24 h urine osmolality; as age increases urine osmolality
decreases. This finding is in accordance with the study of Manz, ef al. [26] where age related decrease in
urine osmolality was observed. In the present study we found that country (Greece, Spain or Germany)
was a significant predictor for 24 h urine volume. In a previous study conducted in adults (1 = 10,079)
large differences of mean 24-h urine volume identified between 52 centers all over the world [27].
It may be that lifestyle choices, environmental conditions, and other factors associated with living in
different countries affect hydration status of the populations.

Using cutoffs for 24 h urine osmolality [16,17] approximately 60% of the subjects from three
European countries were euhydrated. The distribution of hyperhydrated and dehydrated was similar
for males and females. Hyperhydrated subjects consumed more fluids on daily basis (about 3.5 L/day),
voided larger volumes (2.5 L/day) and provided urine samples that were less concentrated.

It must be noted that results presented herein derive from a volunteer sample of subjects from
three countries and may not be generalizable to the entire European population. Further analysis of
data by country of origin, age group, physical activity level, etc., may reveal the influence of these
factors to the hydration status of the studied group.

In our study the mean total water intake was 2.75 + 1.01 L/day. Previous studies [23,28] have
reported daily fluid intake using Food Frequency Questionnaires (FFQ) or 24 h recall. These tools
may underestimate water intake [29]. Gibson and Shirreffs [30] found that total water intake from
foods and beverages was 2270 g/day in UK population and observed fluctuations in water intake
during a week, recording higher consumption of drinks on Fridays and Saturdays. A seven-day fluid
specific record given in 13 different countries found that mean daily water intake was 1980 mL/day,
with highest fluid intake recorded in Germany (2.47 L/day) and the lowest in Japan (1.50 L/day) [31].
Water intake guidelines are frequently complex and not always harmonized. For example, D-A-CH
suggests the intake of water from 1 mL/kcal of energy intake for adults [32], European Food Safety
Authority (EFSA) suggests 2.5 and 2.0 L/day from males and females [4], and .O.M. suggests 3.7 and
2.7 L/day for males and females respectively [5]. Recommendations for the Europeans are lower than
US population and refer to water intake from all sources.

The contribution of foods in water intake was 24% (approximately 700 mL) with no differences
reported between genders. This finding is similar to those provided in the scientific opinion of EFSA [4]
and in previous studies [3,33].
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The daily intake of beverages (2.1 + 0.91 L/ day) contributes approximately 290 kcal (13% of energy
intake). Data of total energy intake are in accordance with previous published studies. In particular,
total energy intake in the EPIC study was 2508 (2167, 2950) kcal for men and 1999 (1741, 2348)
kcal for women and in the ATTICA study was 2595 + 877 kcal for men and 2132 + 658 kcal for
women [34,35]. In the present study 24 h total water intake is strong and positively correlated with
24 h water intake from beverages (r = 0.955, p < 0.001) and energy intake from beverages (r = 0.543,
p < 0.001). Moreover, differences were observed in the total water intake between seasons (p = 0.019).
This difference could be explained due to high temperatures in summer period compared to winter,
which reflects higher fluid intake and sweat loss. However, this difference of 200 mL/day between
seasons is lower than a previous study in Greece [33]. This difference could be explained due to
different environmental conditions (temperature, humidity) and alternative lifestyle choices of the
participants [20].

5. Conclusions

In conclusion, in a free-living population from German, Spain, and Greece approximately 60%
were euhydrated while approximately 20% were hyperhydrated and 20% dehydrated on average over
a seven-day period. Differences observed on urine and blood hydration indices, total water intake,
and water intake from beverages and foods suggest that a variety of dietary or lifestyle factors that
may be associated with improving hydration status.
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Abstract: This study explored the effects of physical activity (PA) and ambient temperature on
water turnover and hydration status. Five-hundred seventy three healthy men and women
(aged 20-60 years) from Spain, Greece and Germany self-reported PA, registered all food and
beverage intake, and collected 24-h urine during seven consecutive days. Fasting blood samples
were collected at the onset and end of the study. Food moisture was assessed using nutritional
software to account for all water intake which was subtracted from daily urine volume to allow
calculation of non-renal water loss (i.e., mostly sweating). Hydration status was assessed by urine and
blood osmolality. A negative association was seen between ambient temperature and PA (r = —0.277;
p <0.001). Lower PA with high temperatures did not prevent increased non-renal water losses
(i.e., sweating) and elevated urine and blood osmolality (r = 0.218 to 0.163 all p < 0.001). When summer
and winter data were combined PA was negatively associated with urine osmolality (r = —0.153;
p = 0.001). Our data suggest that environmental heat acts to reduce voluntary PA but this is not
sufficient to prevent moderate dehydration (increased osmolality). On the other hand, increased PA
is associated with improved hydration status (i.e., lower urine and blood osmolality).

Keywords: hydration status; physical activity; urine osmolality; 24-h urine volume

1. Introduction

Water intake comes from drinking fluids (water and other beverages), moisture in food and water
produced by the body during oxidation. In turn, body water losses occur via urine, feces, sweat and
insensible loss through the skin and by evaporation from the respiratory tract. Hydration status is
the result of the balance between water intake and body water loss. When body water losses are
higher than fluid intake, hypohydration results. In this paper, we will refer to the acute process of
loss of body water as dehydration [1] and to the maintained body fluid deficit as hypohydration.
Hypohydration has been linked to negative long-term health outcomes. Inadequate hydration together
with elevated ingestion of calcium and sodium are related to nephrolithiasis [2]. A low intake of plain
water is also associated with a higher prevalence of chronic kidney disease [3]. Furthermore, low water
intake is associated with increased risk of developing hyperglycemia [4] and may increase the risk of
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developing type II diabetes [5]. Prospective studies measuring the impact of increased water intake on
the development of these diseases are still in a preliminary phase [6].

Adequate fluid intakes (Al) representing population median consumption in apparently healthy
sedentary adults under temperate climate have been reported [7,8]. The Institute of Medicine guidelines
for adequate intake of total water for USA and Canada is 3.7 and 2.7 L/day for men and women,
respectively [8]. However, the European Food Safety Authority (EFSA; [7]) has lower total water intake
recommendations of 2.5 and 2.0 L/day for adult men and women, respectively. The EFSA adequate
intake calculations attempted to incorporate hydration status into the recommendation and account
for the maintenance of daily urine osmolality below a certain threshold (<500 mOsmol- kg~'; [7]).
Although general recommendations for adults exist, both organizations recognize that individual
requirements could widely vary depending on personal characteristics (age, size, body composition,
physical activity) and environment.

The effects of physical activity on fluid intake and loss in free-living adults has been previously
investigated in a small sample of healthy young lean subjects in The Netherlands [8]. In that study
a sample of 42 women and 10 men were tested for water intake (weighted record of foodstuff and
beverage) and physical activity (difference between total and resting energy expenditure) in summer
and winter [9]. The study revealed that in men, water loss was proportional to physical activity, but
in women water loss was higher in summer but was unrelated to physical activity [9]. In another
study, a comparison of water turnover in rural and urban women in Kenya revealed that BMI was
the stronger predictor of water loss but the addition of physical activity (measured by accelerometry)
explained an additional 12% of the variance [10]. Thus, the influence of physical activity level on
water loss/intake is not readily evident from the available literature. Furthermore, no measure of
hydration status (changes in blood or urine concentration) was reported in these studies. In addition,
the interplay between climate and physical activity and its consequences for water loss and intake are
largely unknown in the European population.

Some studies suggest that the fluctuations in climate, food and water availability linked to seasons
may be an important risk factors for malnutrition and other disorders [11]. The identification of
seasonal differences in fluid intake [12], and the effect of environmental temperature on fluid loss
could be relevant for the implementation of season-specific strategies to improve the hydration habits
of the population if deficiencies are detected. Body water needs are highly individualized and depend
upon body size and composition, resting metabolic rate, physical activity, dietary osmotic load and
climate among others [13]. The purpose of this study was to assess the influence of physical activity
and environmental temperature (linked to season) on water intake, water losses and hydration status
in a large sample of healthy men and women aged 20-60 years from one northern (Germany) and two
southern (Spain and Greece) European countries. We used a series of objective (body weight, blood
and urine chemistry) and subjective (questionnaires and diaries) measures to assess hydration status
and water intake and output, respectively. A novel characteristic of our study is that we followed
subjects during seven consecutive days in an attempt to increase accuracy and spread possible spurious
reporting into a more extensive data collection set.

2. Experimental Section

2.1. Participants

Between winter 2013 and summer 2014, a sample of 573 men and women from Germany, Spain and
Greece were studied during seven consecutive days of free-living. Subjects were healthy and not
disabled according to a pre-participation medical questionnaire, not undergoing a diet, not taking
medicines that could affect the outcome measures (diuretics, phenytoin, lithium, demeclocycline
or amphotericin B) and women were non-pregnant or breastfeeding and were tested out of their
proliferative menstrual phase. Subject recruitment was oriented to reach a quota of 25 subjects in
each of the following age groups in each country; 20-30; 31-40; 41-50; 5060 years old. This subject
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recruitment scheme (100 per country) was repeated in winter and summer with a goal of 200 subjects
tested per country. All centers obtain ethical approval from their local Institutional Review Board
and all subjects signed an informed consent form were the study was detailed (197/27-02-2012 for
Agricultural University of Athens, Greece, 4/02/2013-18 for University of Castilla-La Mancha, Spain,
1/26-11-2012 for German Sport University, Germany).

2.2. Study Design

Upon recruitment, subjects were instructed on dietary and fluid intake data logging and 24-h
urine collection procedures and were given the materials necessary for these tasks. On the morning
of the first and the last day of testing (day 1 and day 8) subjects arrived at the laboratory after an
overnight fast and were weighed with only their underwear using a sensitive scale (+0.05 kg) before
a blood sample was collected. For the remaining of the week subjects collected all urine produced,
logged every foodstuff and beverage ingested at the time when it occurred and filled in a questionnaire
that summarized their physical activity at the end of every day.

2.3. Food and Water Intake Diary

Total water intake corresponded to the sum of beverages and water in food recorded from
the dietary records of each day of the testing week. Water content in the food was analyzed with
nutritional software specific for each population (i.e., CESNID, Barcelona, Spain; ESHA Research,
Wadsworth Publishing Co Inc, Salem, OR, USA for Greece; and EBIS pro German Food Database 3.1,
University of Hohenheim, Stuttgart, Germany).

2.4. Physical Activity Diary

Physical activity was evaluated using the short version of the International Physical Activity
Questionnaire (IPAQ) [14]. The questionnaire requires recording of the minutes per day of vigorous,
moderate, walk or sitting time and the days per week of each activity. The questionnaire was filled out
daily, but was reduced to four questions by suppressing the frequency questions (i.e., days per week)
since data was collected every day. IPAQ data was processed in a continuous mode [14,15] accounting
for 3.3 metabolic equivalent of a task (MET) for walking, 4.0 METs for moderate activities and 8.0 METs
for vigorous activities. The units were expressed as METs-min per week as recommended by the
investigators who validated the questionnaire [14,16,17].

2.5. Urine and Blood Biomarkers

Subjects arrived at the laboratory in the morning of the first day of testing after an overnight fast.
Subjects provided a sample of their first morning urine and were weighed. After 15 min in a seated
or a reclined position a 5 mL blood sample was drawn from an antecubital vein. A 0.5 mL aliquot
was immediately analyzed for hemoglobin (ABL-520, Radiometer, Bronshoj, Denmark) hematocrit in
duplicate by microcentrifugation (Biocen, Alresa; Barcelona, Spain). The remaining blood was allowed
to clot in serum tubes (Z Serum Sep Clot Activator, Vacuette, Kremsmunster, Austria) centrifuged
at 2000 g for 10 min (MPW-350R, Medical Instruments, Warsaw, Poland). The so obtained serum
portion was analyzed for osmolality by freeze point depression (Advanced Instruments, Norwood,
MA, USA) and the remaining stored at —30 °C for further analyses. Serum sodium and potassium
concentrations were analyzed using an ion selective analyzer (Easylyte Plus, Medica Corporation,
Bedford, MA, USA) and glucose concentration by spectrophotometry using glucose oxidase to produce
gluconate from glucose (Thermo Scientific, Waltham, MA, USA). Subjects were then dispatched and
advised to proceed with their normal life routines during the following 7 days while recording all
food and fluid ingested and collecting all urine produced. On the morning of day 8, subjects returned
to the lab for body weight, blood sampling and morning urine void. During the seven days of urine
collection, subjects weighed and recorded every void with the aid of a collection vessel and a portable
scale (+1 g accuracy). Then, they saved in a plastic bag a representative aliquot (~3 mL) of every
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void, labeled with the date, time of day and subject initials. The bag with the aliquots were kept
refrigerated by the subjects. Urine from each day was reconstituted in proportion to the volume
urinated and analyzed for osmolality, sodium and potassium using the same instruments described
for blood analyses. Only one laboratory analyzed serum osmolality within 1 hour of blood collection
and before freezing the serum samples while blood storage was the norm in the other two laboratories.
Since variability due to different analyses time was a concern [18,19] we calculated serum osmolality
according to the following formulae:

Calculated Osmolality = 2 x ([Na*] + [K*]) + ([Glucose]) (1)
where all concentrations are in mmol /L.

2.6. Hydration Status Calculations

We assumed that our subjects were in water balance and therefore total water intake matched total
water losses. Any cumulative discrepancy would have resulted in a change in body mass that should
have been apparent in a change in body mass measured on day 8. The difference between water intake
from the dietary records and 24-h urine volume represented non-renal water losses (NRWL) composed
of sweat, respiratory and fecal water. We calculated the 7 days average NRWL as follows [20]:

NRWL (L/day) = average total water intake (L/day) — average 24 — h urine volume (L/day)  (2)

The excretion of solutes by the kidneys per day is the product of the average urine osmolality
(mOsm/kg) multiplied by urine volume in liters per day. Since our subjects weighed their urine voids
for this calculation, we assumed that 1 kg urine corresponds to 1 L and that errors introduced by the
variable specific gravity of urine will be small. Obligatory urine volume (OUV) is the water volume
necessary to excrete all urine solutes. To calculate OUV, a threshold of maximum urine osmolality
of 830 mOsm /kg is used for a 20 years old individual [21]. Since aging reduces the renal capacity to
concentrate urine [21], 3.4 mOsm/kg are subtracted from that threshold value per year above 20 years.
The calculation then is as follows [22]:

OUV (L/day) = average 24 — hurine solutes (mOsm/day)/[830 — 3.4 x (age —20)] (©)]

Free-water reserve (FWR) is the difference between the actual 24-h urine volume and the calculated
obligatory urine volume [23]:

FWR (L/day) = 24 — hurine volume (L/day) — obligatory urine volume (L/day) 4)

Positive FWR values reflects euhydration and negative values hypohydration. In a population,
euhydration is ensured if at least 97% of the subjects show positive values of free-water-reserve [22].
We also categorized subjects as hypohydrated if their urine osmolality exceeded the 500 mOsm/kg
threshold based on EFSA recommendations [7].

2.7. Statistical Analysis

Normality of data distribution was evaluated for each variable using parametric Shapiro-Wilk test.
Data collected during seven consecutive days (urine output, fluid intake, peak ambient temperature
and physical activity) were averaged in each subject. Subjects missing some day value in one variable
were not excluded from the analysis and the average of the week value was calculated from the
remaining data. Subjects missing more than two values in a given variable were removed from the
analysis in that variable. Data collected at the beginning and end of the experiment (morning of
day 1 and day 8) were also averaged (body weight and blood chemistry) after checking for variability
(Table 1). Discrete variables with two levels (gender, season, free water reserve) were analyzed
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using student’s T-test for unpaired samples. Discrete variables with more than two levels (country,
age group) were analyzed using ANOVA. Upon a significant F value Tukey’s post-hoc was used to
identify differences between groups. Cohen’s formula for effect size (ES) [24] was used, and the results
were based on the following criteria; >0.70 large effect; 0.30-0.69 moderate effect; <0.30 small effect.
Associations between continuous variables were tested using Pearson product-moment correlation
coefficient (r). Partial correlation was used to adjust for age as a covariate. All tests were performed
with SPSS software version 18 (IBM Software, Chicago, IL, USA). Data are presented as mean + SD.
All statistical test were two-tailed and statistical significance level was set at p < 0.05.

Table 1. Effects of gender, season, site, age group and hydration on physical activity and 24-h water
intake/fluid loss.

IPAQ Max Air Water Intake  Urine Volume Non-Renal Water =~ Urine Osmol

(MET-min/Week) Temp (°C) (L/Day) (L/Day) Loss (L/Day) (mOsmol/kg)
Female 2356 + 1774 22+9 2.57 +£0.89 1.66 + 0.74 0.89 £ 0.56 585 + 228

Male 2141 £ 1475 21+9 293 £ 1.00* 1.64 + 0.66 1.31+£094* 674 £203*
Winter 2571 + 2018 14+6 2.64 +0.98 1.67 + 0.66 0.99 +0.87 615 + 208
Summer 1942 + 1087 * 29 +4* 2.85 4+ 1.03* 1.62 +0.73 121 +071% 646 + 230
Germany 2945 + 2053 17+£8 3.29 +0.98 213 £0.75 1.16 + 0.62 492 + 170

Spain 2088 + 988 * 24+8* 256 +£1.01* 140 £0.49* 1.14 +1.00 754 £179*

Greece 1422 + 1200 ** 25+ 8% 234 +£0.77* 135+ 049 * 1.02 +£0.72 658 + 224 *F
20-30 years old 2103 + 1196 21+9 2.68 +1.12 149 +£0.72 118 £ 0.81 686 + 220
3040 years old 2327 +1782 23+8 275+ 091 1.69 + 0.71 1.07 + 0.65 613 + 226 *
40-50 years old 2176 + 1810 2249 2.86 +0.96 1.70 £ 0.69 * 1.18 £ 0.75 621 + 224
50-60 years old 2420 +1722 22+8 271 +£1.05 1.74 £ 0.63 * 0.96 + 0.95 590 + 199 *
Urine >500 (mOsm/kg) 2086 + 1408 23+9 2.53 £0.94 1.35 £ 046 1.19 £ 0.85 750 + 155
Urine <500 (mOsm/kg) 2563 + 1984 * 20+8* 320+ 1.01* 225+0.72* 094 +0.65* 377 £79*
(—) FWR 1983 + 1137 25+8 2.38 +£1.02 1.10 £ 0.31 124 + 094 891 + 104

(+) FWR 2362 + 1787 * 21+£9* 292 +098* 1.87 £ 0.69 * 1.04 +£0.73* 520 + 153 *

Data represents average of 7 days data collection + SD; *, different from the first value listed in that cell;
*, different from the value above in cells that contain more than two values (i.c., country and age group); all
p < 0.05; FWR, stands for Free Water Reserve.

3. Results

Table 2 depicts the number of subjects for each discrete category in the main variables of interest
in this study, i.e., physical activity and maximal air temperature. An average of 536 of the 573 subjects
that completed the study (93%) had data in these two variables. In addition, data were well balanced
between the category levels such as gender, season, country, age group (see percentages in Table 2).
We analyzed the variability, one week apart, for body weight and some blood parameters. After
one week of data collection, blood hemoglobin (14.7 + 1.7 vs. 14.7 + 1.6 g/L) and glucose (4.8 + 1.8
vs. 4.7 £ 0.6 mmol/L) remained unchanged (P > 0.05). Body weight (74.6 + 15.4 vs. 74.4 + 15.3 kg),
blood sodium (143 + 8 vs. 141 + 6 mmol/L) and potassium (4.50 + 0.52 vs. 4.46 + 0.46 mmol/L)
were slightly but significantly reduced after one week of testing (p < 0.05). However, the differences
were very small judging by Cohen’s effect size calculation (<0.30 small effect). Thus, we feel entitled
to average data during the seven consecutive days of testing to improve the power analysis and
data consistency.
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Table 2. Sample size in categorical variables and percentage in each category.

Physical Activity (% Subjects) Maximal Air Temp °C (% Subjects)

Gender
Female 249 (50%) 282 (50%)
Male 252 (50%) 284 (50%)
Total 501 566
Season
Winter 240 (47%) 272 (47%)
Summer 266 (53%) 301 (53%)
Total 506 573
Country
Germany 188 (37%) 201 (36%)
Spain 192 (38%) 193 (34%)
Greece 126 (25%) 170 (30%)
Total 506 564
Age groups
20-30 years’ old 140 (28%) 155 (27%)
3040 years’ old 123 (25%) 139 (25%)
40-50 years’ old 125 (25%) 138 (24%)
50-60 years’ old 113 (22%) 132 (24%)
Total 501 564
Urine Osmol
>500 mOsmol/kg 343 (68%) 384 (67%)
<500 mOsmol/kg 162 (32%) 187 (33%)
Total 505 571

Average sample size of 536 individuals.

Physical activity (PA) in METs-min per week was not affected by gender (p = 0.065; ES = 0.132;
Table 1) or age group (p = 0.410). However PA was lower in the summer (p < 0.001; ES = 0.388)
and higher in individuals better hydrated with urine osmolality below 500 mOsmol/kg (p = 0.008;
ES = 0.249) and positive free water reserve (p = 0.019; ES = 0.259). There was also a marked country
effect on physical activity with Germans reporting higher levels than Spaniards and Greeks (both p = 0.001;
ES = 0.532 and 0.905, respectively). In turn, Spaniards reported higher physical activity than Greeks
did (p = 0.001; ES = 0.605; Table 1). Physical activity data was positively associated with urine
volume and water intake while negatively associated with urine, blood osmolality and maximal air
temperature (Tables 3 and 4).

Table 3. Correlation (r Pearson) among physical activity, maximal air temperature, 24-h water
intake/fluid loss and urine osmolality.

IPAQ Max Air Temp Water Intake ~ Urine Volume  Non-Renal Water ~ Urine Osmolality
(MET-min/Week) “C) (L/Day) (L/day) Loss (L/Day) (mOsmol/kg)
. —0.283 0.145 0.158 NS —0.151
IPAQ (MET-min/week) p<0.001 p<0.001 p<0.001 p=0.001
: o _ —0.222 0.147 0.218
Max Air Temp (°C) NS <0001 <0001 <0001
0.623 0.716 —0.349
Water Intake (L/day) p<0.001 P <0.001 p<0.001
. —0.095 —0.736
Urine Volume (L/day) p=0.024 p<0.001
Non-Renal Water Loss _ 0.208
(L/day) p <0.001
Urine Osmolality
(mOsmol/kg)

r correlation values are listed in bold and p values below; NS, stands for non-significant.
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Table 4. Correlation (7 Pearson) between blood variables and physical activity, air temperature and
24-h water intake/ fluid loss.

IPAQ Max Air Water Intake ~ Urine Volume Non-Renal
(MET-min/Week) Temp (°C) (L/Day) (L/Day) Loss (L/Day)
+ —0.145 0.189 —0.118 —0.115
Serum [Na®] (mEq/L) p <0.003 p <0.001 p=0.006 p <0.005 NS
. —0.098 0.154
Serum [K*] (mEq/L) p =0.040 p <0.001 NS NS NS
—0.125 0.194 —0.115
Blood Glucose (mmol /L) p=0023 p<0.001 NS p=0007 NS
Serum Osmolality —0.137 0.163 —0.123 —0.112 NS
calculated (mOsmol/kg) p =0.004 p <0.001 p=0.008 p=0.015
. 0.174
Blood hemoglobin (g/L) NS NS NS NS p <0.001

r correlation values are listed in bold and p values below, NS, stands for non-significant.

As expected, the maximal seven day average air temperature was higher in the summer than in
winter (p < 0.001; ES = 2.827; Table 1). Maximal temperatures were lower in Germany than in Spain
and Greece (both p = 0.001; ES = 0.751 and 0.877, respectively) without differences between these
two south European countries. Maximal air temperature was lower in the better-hydrated subjects,
those with urine osmolality below 500 mOsmol- kg ! (p < 0.001; ES = 0.337) and in positive free water
reserve (p < 0.001; ES = 0.430; Table 1). Maximal average air temperature was positively correlated with
non-renal fluid loss (i.e., sweating) and urine osmolality (r = 0.147 and 0.218, respectively; p < 0.001)
and negatively with urine volume (r = —0.222; p < 0.001; Table 3).

Average 24-h water intake was higher in men and in all subjects during the summer (Table 1).
Furthermore, water intake was lower in Spain and Greece than in Germany but not different among
age groups (Table 1). Interestingly, water intake was positively correlated with physical activity,
urine volume, non-renal water losses (i.e., NRWL) and negatively correlated with urine osmolality
(r=—0.349; p < 0.001; Table 3). Likewise, with 24-h water intake, average 24-h urine volume was
higher in the German subjects than in the Spaniards and Greeks. We observe that increases in age are
associated to an increase in urine volume (from 40 to 60 years’ old) and a reduction in urine osmolality
(Table 1). Urine volume was positively correlated with physical activity (r = 0.152; p < 0.001) and water
intake (r = 0.623; p < 0.001) and negatively with maximal air temperature (r = —0.222; p < 0.001) NRWL
and urine osmolality (r = —0.736; p < 0.001; Table 3).

NRWL were higher in males and in the summer (Table 1). NRWL were positively associated
with maximal temperature (r = 0.147; p < 0.001), water intake (r = 0.716; p < 0.001), negatively with
urine volume (r = —0.095; p < 0.024) and positively with urine osmolality (0.208; p < 0.001; Table 3).
However, NRWL was not associated with physical activity or serum osmolality.

Average 24-h urine osmolality (an index of hydration, [25]) was higher in males, lower in the
German sample and as mentioned above decreasing with the increases in age group (see last column
of Table 1). Based on urine osmolality we calculated obligatory urine volume and the difference with
the actual urine volume collected to result in the calculation of free water reserve (i.e., FWR). FWR was
negative in 29% of the sample (163 out of 558 subjects with this variable) which suggests hypohydration
in an important portion of our sample. Subjects with negative FWR (i.e., hypohydrated) ingested less
fluid on a daily basis, had lower urine output, lived in higher environmental temperatures, had higher
NRWL (i.e., sweat) and higher urine osmolalities (Table 1).

4. Discussion

There are several studies in the literature using dietary and activity logs to determine water
intake and physical activity levels in different populations [9,10,26-28]. The novelty of our data is that
although we use these subjective measurements of physical activity and water intake we followed
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subjects during seven consecutive days in an attempt to increase accuracy and spread possible spurious
reporting into a more extensive data collection set. Subjects were instructed to carry with them their
meal and beverage log and to report their physical activity at the end of every day by completing four
simple questions modified from the international physical activity questionnaire (i.e., short version
IPAQ, [14,17,29,30]). Expectedly, the differences between weekend and weekdays in physical activity,
fluid and meal ingestion were normalized by the full week collecting period with subjects starting
data collection at different days of the week. In addition, subjects collected 24-h urine output during
those seven consecutive days and a fasting blood sample was drawn in the morning of day 1 and day
8. These biological samples provide us with objective data to determine body hydration based on
urine and blood osmolality. Using urine output in conjunction with water intake diaries we calculated
non-renal water losses (NRWL) assuming that subjects were in fluid balance during the week of testing.
Based on average urine osmolality we also calculated obligatory urine volume and free water reserve
(FWR; see methods) to enhance our ability to detect dehydration using different indexes.

4.1. Effects of Physical Activity on Water Intake/Fluid Loss and Hydration

We found that physical activity estimated by seven days average IPAQ, is negatively associated
with elevations in dehydration indexes (urine and blood osmolality; Tables 3 and 4). This suggests that
high levels of physical activity does not increase the risk of hypohydration. Conversely, our less
physically active individuals are more likely to be hypohydrated based on urine osmolality.
Physical activity seems to increase water turnover since we also found a positive association between
physical activity and water intake and urine volume (Table 3). The transitory dehydration that
accompanies increases in physical activity triggers the release of hormones like arginine vasopressin,
which in turn stimulates thirst to regain fluid balance. In our data, 24-h water intake was strongly
correlated with non-renal water loss (i.e., sweating; r = 0.716; p < 0.001) which suggest that increased
levels of physical activity are met by increased water intake in a voluntary or thirst-induced response
to restore the water deficit created by exercise. Seemingly, elevated levels of physical activity result
in a higher water loss compensated with higher fluid intake, which prevents from dehydration and
even seems to promote a better hydration status (lower urine and blood osmolalities). There may be
non-physiological influences for the observed increased water consumption in people with higher
levels of physical activity. Among those, consumer education throughout advertisement that permeates
and convince exercise enthusiast to increase hydration beyond their thirst drive.

It is well known that repeated bouts of vigorous physical activity results in hemodilution [31]
due to plasma volume expansion [32]. However, it is unclear if the moderately-intense physical
activity of most of our subjects (grand mean of 2241 MET-min- week 1) could result in plasma volume
expansion. Plasma volume expansion results if physical activity is followed by thermally induced
profuse sweating (i.e., sauna, [33]). Thus, it is possible that the combination of moderately-intense
physical activity of our subjects and the exposure to high ambient temperatures in the summer could
have resulted in some degree plasma volume expansion. We have recently found that exercise training
expands not only blood plasma but also water within the exercised muscles [34]. Thus, the finding
that people with increased physical activity show reduced urine osmolality could be explained by this
exercise training adaptations that raise body water content. Suggesting plasma volume expansion,
blood concentration of sodium, potassium, glucose and calculated blood osmolality were also lower in
people with the highest levels of physical activity (Table 4).

4.2. Effects of Climate on Physical Activity, Water Intake/Fluid Loss and Hydration

We found an interaction effect between physical activity and climate. Physical activity
(estimated by IPAQ) was reduced in the summer and this reduction was associated with increased
maximal ambient temperatures (r = —0.277; p < 0.001; Table 3). In contrast, most of the available data
show that physical activity increases from winter to spring or summer [35]. However, these studies
were conducted in places with moderate summer temperatures like Ontario, Massachusetts, Glasgow,
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Netherlands, Central Japan or Aberdeen [35]. The high temperatures in Toledo and Athens in the
summer may have been responsible for the currently reported reduction summer physical activity.
This environmentally mediated reduction in physical activity in the summer, did not prevent
the occurrence of higher non-renal water losses likely belonging to increased sweating (r = 0.147;
p < 0.001). Maximal ambient temperature was associated with reduced urine output and increased
urine osmolality (r = 0.218; p < 0.001; Table 3). Blood also responded to ambient temperature with
increased concentration (Table 4). Our interpretation of these data is that environmental heat acts
to reduce voluntary physical activity but does not prevent higher sweat losses that in the face of an
insufficient increase in water intake, results in moderate dehydration. When data is analyzed using
winter-summer category instead of using the continuous maximal daily temperature, urine osmolality
(dehydration index) was not higher in the summer (Table 1). One factor that could explain the lack of
effect of season in urine osmolality is that while in Spain and Greece maximal temperatures during
summer likely induce sweating and dehydration, in Germany summer temperatures are lower and
less dehydrating. Thus, the winter-summer classification may not be ideal when testing subjects in
different latitudes.

Although in the short term, physical activity results in water loss (i.e., exercise induce-sweating),
it is less clear what is the result of different levels of physical activity on 24-h water intake and
loss. In a thorough study, Westerterp and co-workers studied 42 women and 10 Dutch men (all lean
and young) during 7 days. They were tested for water intake (weighted record of foodstuff and
beverage), physical activity (difference between total and resting energy expenditure) and water loss
(deuterium elimination method) in summer and winter [9]. The study revealed that in men, water loss
was higher in subjects with a higher physical activity regardless of the season. However, in women
water loss was higher in summer but was unrelated to physical activity [9]. In another study, water
turnover was measured in rural and urban women in Kenya. The authors found that that BMI
was the strongest predictor of water loss. However, the addition of physical activity (measured by
accelerometry) to the prediction equation accounted for an additional 12% of the variance in water
loss [10]. Our study in a much larger and heterogeneous subject sample confirms a positive association
between physical activity and water loss (urine volume) but also a positive association with 24-h water
intake (Table 3). Seemingly this higher water turnover results in improved hydration status with lower
urine and blood osmolality in the subjects with higher physical activity levels.

4.3. Effects of Aging on Hydration

Our older groups of participants (40-50 and 50-60 years’ old) seemed to be able to maintain
a level of physical activity similar to the younger age groups (Table 1). This project was housed in
three Universities and although it was meant to reach all population segment and types from the
surrounding cities (Cologne, Athens and Toledo) the socioeconomic status of the inhabitants in these
urban, university-cities is moderate to high. This population receive and can better implement the health
advices to promote physical activity for healthy aging than in the rural areas. From this perspective,
it is not surprising the reported maintenance of physical activity in the older segments of our sample.
Furthermore, the age group of 20-30 years’ old tended to be the less physically active group (Table 1)
likely due to high time-consuming nature of studying/starting in a new job. The similar physical
activity in the older subjects did not prevent the decrease in the capacity for renal water reabsorption
described in previous studies [21,22]. Reduction in the capacity to concentrate urine is supported in our
result of higher urine output and lower urine osmolality with increases in age ([21]; Table 1).

4.4. Effects of Gender and Country of Residency on Hydration

Men displayed higher 24-h water intake, NRWL (i.e., sweating) and urine osmolality than the
women of our sample. The larger average body size linked to higher energy expenditure/consumption
could explain the highest sweat loss and fluid intake in men. However, there is no ready explanation
for the gender effect on urine osmolality. The chief metabolite in urine is urea, which is derived
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from protein catabolism. On average, men have more muscle mass, protein turnover and thus may
need to clear more urea in urine. We recently found that men with higher amount of muscle mass
(rugby players) have higher urine osmolality than men with lower muscle mass (endurance runners)
despite similar hydration status [36]. Alternatively, men may consume more protein than women
influencing urine osmolality. Thus, the higher urine osmolality in men in comparison to women
(Table 1) does not necessarily mean that the men in our sample were hypohydrated in comparison to
the women but rather that urine osmolality is influenced by factors apart from hydration.

We also found significant country differences the most obvious being the lower maximal
temperature in Germany in comparison to Spain and Greece (17 °C vs. 24-25 °C when averaging
summer and winter data). Our German subjects were more physically active and there was a
significant correlation between higher maximal ambient temperatures and reduced physical activity.
Thus, our data suggests that the higher ambient temperatures in Spain and Greece may have
inhibited physical activity in comparison to Germany. Besides environmental heat, differences in city
architectural design to allow physical activity engagement (i.e., parks, bike-lanes, pedestrian paths)
and people’s knowledge of the impact of exercise in their health, could also contribute to the higher
PA found in German subjects. German subjects also ingests more fluid per day and had a higher urine
volume. These data corroborates our finding of a link between PA and water turnover even when data
are analyzed by countries.

4.5. Limitations of the Study

There are some limitations in our study that should be kept in mind. Water intake, urine volume
and physical activity were all self-reported values. These variables are subjected to participant
under or over-reporting. To avoid misreporting, subjects were instructed to record drinks and food
ingested immediately after it happened but some underreporting in weekends was conceivable.
Subjects were instructed to collect each void in a plastic jar, and record the urine weight before
disposal. Likewise than with the food and drink diary, underreporting was possible. Completeness of
24-h urine collection could have been assessed by urine analysis of the recovery of p-aminobenzoic
acid previously ingested [37]. However, this biochemical analysis was not available in our facilities.
Subjects recorded physical activity at night by filling out a daily log and thus this measurement was
subjected to individual’s recall ability. Other means to track physical activity ordered by precision
are pedometers, accelerometers or double-labelled water, which were not available in our study.
Lastly, our correlations (Tables 3 and 4) only point to associations between variables and manipulative
studies are due to establish cause-effect among these factors. Furthermore, we ought to recognize that
although significant, many correlations among variables were small (r < 0.3) and the conclusions based
on those are tentative.

5. Conclusions

Our data compiling seven consecutive testing days on 573 men and women aged 20-60 years’
old suggests an association between elevated ambient temperatures and lowering physical activity
with a larger effect in the southern European countries (Spain and Greece) in comparison to northern
Europe (Germany). The reduction in physical activity in summer did not prevent higher non-renal
water loss (i.e., mostly sweating) and hypohydration despite increased water intake. When summer
and winter data were compiled, better hydration (lower urine and plasma osmolality) was associated
with elevated levels of physical activity (IPAQ). This suggests that the exercise training adaptations to
expand body water and improve hydration status may also occur in the general population, mostly in
those with high levels of physical activity. Finally, our results confirm previous reports in that aging
reduce the capacity to concentrate urine.
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Abstract: Background: Drinking plain water, such as tap or bottled water, provides hydration
and satiety without adding calories. We examined plain water and sugar-sweetened beverage
(SSB) consumption in relation to energy and nutrient intake at full-service restaurants.
Methods: Data came from the 2005-2012 National Health and Nutrition Examination Survey,
comprising a nationally-representative sample of 2900 adults who reported full-service restaurant
consumption in 24-h dietary recalls. Linear regressions were performed to examine the differences
in daily energy and nutrient intake at full-service restaurants by plain water and SSB consumption
status, adjusting for individual characteristics and sampling design. Results: Over 18% of U.S. adults
had full-service restaurant consumption on any given day. Among full-service restaurant consumers,
16.7% consumed SSBs, 2.6% consumed plain water but no SSBs, and the remaining 80.7% consumed
neither beverage at the restaurant. Compared to onsite SSB consumption, plain water but no SSB
consumption was associated with reduced daily total energy intake at full-service restaurants by
443.4 kcal, added sugar intake by 58.2 g, saturated fat intake by 4.4 g, and sodium intake by 616.8 mg,
respectively. Conclusion: Replacing SSBs with plain water consumption could be an effective strategy
to balance energy /nutrient intake and prevent overconsumption at full-service restaurant setting.

Keywords: plain water; sugar-sweetened beverage; diet quality; 24-h dietary recall; full-service
restaurant; energy intake; added sugar; saturated fat; sodium

1. Introduction

Eating out has become an essential part of the American diet [1,2]. A long line of existing
studies have documented fast-food restaurant consumption in relation to increased energy intake and
elevated risk of obesity in children and adults [3-13]. Accumulating evidence suggests that full-service
restaurant consumption shares similar, if not more concerning, nutrition implications as fast-food
restaurant consumption [14,15]. Given that approximately one fifth of U.S. adults eat in a full-service
restaurant on any given day [14], reducing energy intake and improving diet quality in full-service
restaurant settings may profoundly impact Americans’ nutritional and health status.

Adequate hydration is essential to body function [16]. Drinking plain water, such as tap or
bottled water, delivers adequate hydration without adding calories [17]. Plain water intake has
been linked to reduced energy consumption and improved body weight management [18-21].
Potential mechanisms include, but may not be limited to, plain water intake in substitution for
caloric beverage consumption [22], and satiety from plain water consumption in coping with feelings
of hunger and desire to eat [23]. The 2015-2020 Dietary Guidelines for Americans recommended
“choosing beverages with no added sugars, such as water, in place of sugar-sweetened beverages”
as an effective strategy to reduce added sugar consumption [24]. In addition, beverages are often
consumed together with other foods, which jointly impact daily total calorie intake and overall diet
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quality. Using individual fixed-effects model based on two non-consecutive NHANES 24-h dietary
recall data, An (2016) documented that in comparison to the days when no sugar-sweetened beverages
(SSBs) were consumed, participants tended to consume more discretionary foods—foods that are
typically low in nutrient value but high in added sugar, sodium, saturated fats, and cholesterol on
days when they consumed SSBs [25].

Plain water is often available and free-of-charge at a full-service restaurant. Drinking plain
water in substitution for SSBs could contribute to the reduction of total energy intake and intake
of certain nutrients that are of major public health concern, such as added sugar when dining at a
full-service restaurant. To our knowledge, no study has examined the nutritional implications of plain
water consumption at full-service restaurant setting. Using in-person 24-h dietary recall data from a
nationally-representative repeated cross-sectional health survey, this study assessed plain water and
SSB consumption in relation to energy and nutrient intake at full-service restaurants among U.S. adults.

2. Materials and Methods

2.1. Survey Setting

The National Health and Nutrition Examination Survey (NHANES) is a program of studies
conducted by the National Center for Health Statistics (NCHS) to assess the health and nutritional
status of children and adults. The program began in the early 1960s and periodically conducted
separate surveys focusing on different population groups or health topics. Since 1999, the NHANES
has been conducted continuously in two-year cycles and has a changing focus on a variety of health
and nutrition measurements. A multistage probability sampling design is used to select participants
representative of the civilian, non-institutionalized U.S. population. Certain population subgroups
are oversampled to increase the reliability and precision of health status indicator estimates for
these groups. Detailed information regarding the NHANES sampling design, questionnaires, clinical
measures, and individual-level data, can be found on its web portal [26].

2.2. Dietary Recall

Starting from the NHANES 1999-2000 wave, all participants were asked to complete an in-person
24-h dietary recall (a subsequent telephone-based dietary recall was added since 2001-2002 wave and
data became publicly available since 2003-2004 wave). In the dietary recall, each food/beverage item
and corresponding quantity consumed by a participant from midnight to midnight on the day before
the recall was recorded. The in-person dietary recall was conducted by trained dietary interviewers in
the Mobile Examination Center with a standard set of measuring guides. These tools aimed to help
the participant accurately report the volume and dimensions of the food /beverage items consumed.
Following the dietary recall, the energy and nutrient contents of each reported food /beverage item
were systematically coded with the U.S. Department of Agriculture’s Food and Nutrient Database for
Dietary Studies (FNDDS).

Following An and McCaffrey [27] and Drewnowski et al. [28,29], this study used individual-level
data from the NHANES 2005-2006, 2007-2008, 2009-2010, and 2011-2012 waves. Those waves were
chosen because the collection of data on tap and bottled water consumption as a beverage only started
in 2005 as part of the 24-h dietary recall, whereas in previous waves, such information was assessed
via questionnaire after the 24-h dietary recall was completed.

2.3. Plain Water Consumption

Following An and McCaffrey (2016) [27] and Drewnowski et al. (2013a, b) [28,29], plain water
consumption includes intake of plain tap water, water from a drinking fountain, water from a
water cooler, bottled water, and spring water. In the NHANES 2005-2012 waves, the FNDDS codes
94000100 (“water, tap”) and 94100100 (“water, bottled, unsweetened”) were used to identify plain
water consumption.
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2.4. Sugar-Sweetened Beverage Consumption

SSBs include sodas, fruit drinks, energy drinks, sports drinks, and sweetened bottled waters,
consistent with definitions reported by the Centers for Disease Control and Prevention (CDC) and the
National Cancer Institute (NCI) [30]. In the NHANES 2011-2012 wave, SSBs consist of 48 reported
beverage items. The number of reported items in the SSB category differed only slightly across
survey waves.

2.5. Consumption of Other Beverage Types

In addition to plain water and SSBs, consumption of other beverage types including diet beverage,
coffee, tea, alcohol, juice, and milk were summarized in descriptive statistics. Diet beverage includes
calorie-free and low-calorie versions of sodas, fruit drinks, energy drinks, sports drinks, and carbonated
water consistent with definitions reported by the CDC, NCI, and the Food and Drug Administration
food labeling guidelines [31-33]. Coffee includes any form of regular or decaffeinated coffee product
or coffee substitute (e.g., cereal grain beverage). Tea includes any form of regular or decaffeinated
tea product. Alcohol includes beers and ales, cordials and liqueurs, cocktails, wines, and distilled
liquors. The definitions on coffee, tea and alcohol are consistent with the USDA ENDDS food /beverage
categorization [25]. Beverages in the juice and milk categories were identified based on the Food
Patterns Equivalents Database (FPED), which were linked to the NHANES 24-h dietary recall data.

2.6. Added Sugar Consumption

Added sugar is sugar that is not naturally found in a food product but is added during the food
production process. The USDA uses ingredient list and total sugar amounts provided to estimate the
quantity of added sugar in a food product [34]. We used the FPED which contains the estimated added
sugar amounts for each food/beverage consumed by the NHANES 24-h dietary recall participants.

2.7. Onsite Full-Service Restaurant Consumption

The NHANES dietary interviews asked about the source (e.g., restaurant, store, vending machine)
of each food /beverage item consumed on a dietary recall day, and also whether the item was consumed
at home or away from home. Following An [14] and Powell et al. [15], consumption of a food /beverage
item qualified for an onsite full-service restaurant consumption if the item was obtained from a
“restaurant with waiter/waitress” and consumed away from home.

In the dietary recall data, energy/nutrient derived from each consumed food /beverage item was
recorded based on the quantity of food/beverage reported and the corresponding energy /nutrient
contents. We calculated daily energy (kcal) and plain water (g), SSBs (g), added sugar (g), saturated
fat (g), and sodium (mg) consumed onsite at a full-service restaurant among those NHANES
participants who reported any onsite full-service restaurant consumption in the in-person 24-h dietary
recall. We further classified full-service restaurant consumers into three mutually-exclusive categories
based on their onsite SSB and plain water consumption status—SSB consumption (consumption
of any positive grams of SSBs at a full-service restaurant), plain water but no SSB consumption
(consumption of any positive grams of plain water but zero grams of SSBs at a full-service restaurant),
and no plain water or SSB consumption (consumption of zero grams of plain water and SSBs at a
full-service restaurant).

Among a total of 19,245 U.S. adults 18 years of age and above who participated in the in-person
24-h dietary recalls in the NHANES 2005-2012 waves, 934 who were pregnant, lactating, and/or on a
special diet to lose weight at the time of interview were excluded. Of the remaining 18,311 participants,
2900 reported onsite full-service restaurant consumption on the dietary recall day. Among full-service
restaurant consumers, 523 had SSB consumption, 85 had plain water but no SSB consumption, and the
remaining 2292 had no plain water or SSB consumption at the restaurant.
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In the analyses, we combined two mutually-exclusive categories, namely SSB but no plain
water consumption (consumption of any positive grams of SSBs but zero grams of plain water at a
full-service restaurant) and SSB and plain water consumption (consumption of any positive grams of
SSBs and plain water at a full-service restaurant), into one category i.e., SSB consumption, because the
category of SSB and plain water consumption comprised an insufficient sample size of merely 11.
In sensitivity analyses, we regressed each outcome variable (daily energy intake and intake of added
sugar, saturated fat, and sodium at a full-service restaurant) on all four categories based on onsite
SSB and plain water consumption status (plain water but no SSB consumption, no plain water or SSB
consumption, and SSB and plain water consumption, with SSB but no plain water consumption in
the reference group). The estimated coefficients were almost identical as those based on the three
categories (plain water but no SSB consumption, and no plain water or SSB consumption, with SSB
consumption in the reference group). None of the coefficients pertaining to the category of SSB and
plain water consumption were statistically significant in the sensitivity analyses.

2.8. Individual Characteristics

The following individual characteristics were adjusted for in regression analyses: a dichotomous
variable for sex (female, with male in the reference group); three categorical variables for age groups
(18-34 years of age, 35-49 years of age, and 50-64 years of age, with 65 years of age and above in the
reference group); three categorical variables for race/ethnicity (non-Hispanic black, non-Hispanic
other race or multi-race, and Hispanic, with non-Hispanic white in the reference group); a dichotomous
variable for education attainment (college education and above, with high school or lower education
in the reference group); two categorical variables for marital status (divorced or separated or widowed,
and never married, with married in the reference group); two categorical variables for household
income level (130% < income to poverty ratio [IPR] < 300%, and IPR > 300%, with IPR < 130%
in the reference group; IPR is the ratio of annual household income to poverty level specified in
the Department of Health and Human Services’ poverty guidelines); a dichotomous variable for
body weight status (obesity defined as body mass index [BMI] > 30 kg/m? based on the international
classification of adult BMI values [35], with non-obesity in the reference group); a dichotomous variable
for smoking status (ever or current smoker, with never smoking in the reference group); a dichotomous
variable for self-rated health (good or excellent self-rated health, with poor or fair self-rated health
in the reference group); five dichotomous variables for each of the chronic condition diagnoses i.e.,
diabetes, arthritis, coronary heart disease, stroke, and cancer; a dichotomous variable for day of the
week (weekend days including Friday, Saturday, and Sunday, with weekdays including Monday,
Tuesday, Wednesday, and Thursday in the reference group) [36]; and three categorical variables
for the NHANES waves (2007-2008, 2009-2010, and 2011-2012 waves, with 2005-2006 wave in the
reference group).

2.9. Statistical Analyses

We summarized individual characteristics and daily energy/nutrient at full-service restaurants
among the 2005-2012 NHANES adult full-service restaurant consumers by onsite SSB and plain
water consumption status in descriptive statistics. Linear regressions were performed to estimate the
differences in energy /nutrient intake at full-service restaurants by SSB and plain water consumption
status, adjusting for individual characteristics. The four outcome variables were daily intake of energy
(kcal), added sugar (g), saturated fat (g), and sodium (mg) at a full-service restaurant. Reductions of
daily total energy intake and intake of added sugar, saturated fat, and sodium have been the key
recommendations of the 2015-2020 Dietary Guidelines for Americans [24]. The key independent
variables were two categorical variables for SSB and plain water consumption status at full service
restaurant (plain water but no SSB consumption, and no plain water or SSB consumption, with SSB
consumption in the reference group).
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The dose-response relationship between SSB and plain water consumption and energy /nutrient
intake at a full-service restaurant was assessed by regressing the outcome variables on the continuous
variables for quantities (g) consumed of SSBs and plain water, adjusting for individual characteristics.

The NHANES 2005-2012 multi-wave sampling design was accounted for in both descriptive
statistics and regression analyses. Specifically, we followed the NCHS instructions to construct
sampling weights when combining survey waves [37]. We then applied the “svy” commands in Stata
to specify sampling weights, sampling strata, and primary sampling units, as well as to conduct
regression analyses. All statistical procedures were performed in Stata 14.1 SE version (StataCorp,
College Station, TX, USA).

2.10. Human Subjects Protection

The NHANES was approved by the NCHS Research Ethics Review Board. This study used the
NHANES de-identified public data and was deemed exempt from human subjects review by the
University of Illinois at Urbana-Champaign Institutional Review Board.

3. Results

During 2005-2012, approximately 18.2% of U.S. adults had onsite full-service restaurant
consumption on any given day. Among full-service restaurant consumers, 16.7% had SSB consumption,
2.6% had plain water but no SSB consumption, and the remaining 80.7% had no plain water or SSB
consumption at the restaurant. Those who had SSB consumption on average consumed 612.0 g of
SSB, and those who had plain water but no SSB consumption consumed 639.3 g of plain water at the
restaurant. Among those who consumed no plain water or SSB at the restaurant, the prevalence of diet
beverage, coffee, tea, alcohol, juice, and milk consumption (mutually-unexclusive) were 9.8%, 13.8%,
21.3%, 14.6%, 17.4%, and 24.1%, respectively.

Table 1 reports individual characteristics of adult full-service restaurant consumers by onsite SSB
and plain water consumption status. Compared to women, men were more likely to consume SSBs
(63.3%) but less likely to consume plain water (43.1%) in a full-service restaurant. SSB consumers
consisted of a larger share of younger adults 18-34 years of age (40.8%) than plain water consumers
(24.7%), whereas higher education was less prevalent among SSB consumers (58.6%) than among plain
water consumers (67.7%). A smaller proportion of SSB consumers were at the lowest income level
(IPR < 130%) but a larger proportion at the middle income level (130% < IPR < 300%) compared to
plain water consumers, whereas the prevalence of the highest income level (IPR > 130%) remained
similar between these two groups. Obesity rate and the prevalence of poor or fair self-rated health
were slightly higher among SSB consumers compared to plain water consumers, and SSB consumers
consisted of a larger proportion of former or current smokers.

Table 2 reports daily energy and nutrient intake at a full-service restaurant by onsite SSB and plain
water consumption status. Among those three groups, SSB consumers had the highest daily intake of
total energy, added sugar, saturated fat, and sodium from a full-service restaurant, whereas plain water
consumers had the lowest, with those who consumed neither SSB nor water in between. Daily energy
intake at a full-service restaurant totaled 1277.0 kcal among SSB consumers, 527.6 kcal, and 369.8 kcal
higher than among plain water consumers and SSB/water nonconsumers, respectively. Daily added
sugar intake at a full-service restaurant was 69.3 g among SSB consumers, 60.1 g and 54.5 g higher than
among plain water consumers and SSB/water non-consumers, respectively. Daily saturated fat intake
at a full-service restaurant was 15.0 g among SSB consumers, 5.7 g and 2.6 g higher than among plain
water consumers and SSB/water non-consumers, respectively. Daily sodium intake at a full-service
restaurant was 2331.0 mg among SSB consumers, 755.2 mg and 453.1 mg higher than among plain
water consumers and SSB/water non-consumers, respectively.
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Table 1. Individual characteristics of 2005-2012 NHANES adult full-service restaurant consumers by
plain water and sugar-sweetened beverage (SSB) consumption status.

Individual Characteristics (%) SSB Consumption Plain Water but No SSB No Plain Water or SSB
° (95% CI) Consumption (95% CI) ~ Consumption (95% CI)
Sample size 523 85 2292
Sex
Male 63.3 (58.2, 68.4) 43.1(30.2, 56.0) 50.6 (48.5, 52.6)
Female 36.7 (31.6,41.8) 56.9 (44.0, 69.8) 49.4 (47.4,51.5)
Age group

18-34 years of age 40.8 (35.5,46.1) 247 (12.2,37.1) 25.3(22.7,27.9)

35-49 years of age 30.5 (24.7, 36.4) 25.1(12.9,37.3) 30.7 (28.4,33.1)

50-64 years of age 22.7 (17.5,27.9) 38.6 (25.1,52.1) 28.1(25.3,30.8)

65 years of age and above 6.0 (3.8,8.1) 11.6 (2.3, 20.9) 15.9 (14.0,17.8)

Race/ethnicity

White, non-Hispanic 62.5 (56.2, 68.9) 67.2 (51.7,82.7) 80.0 (77.2, 82.8)
Black, non-Hispanic 9.5(6.9,12.2) 5.2(1.7,8.7) 5.6 (44,6.8)
Other race/multi-race, non-Hispanic 6.6 (4.1,9.0) 8.2 (0.0, 16.9) 53(4.2,6.4)
Hispanic 21.4 (16.4,26.4) 19.5 (8.9, 30.0) 9.1(7.0,11.2)

Education
High school and below 41.4 (34.3,48.5) 32.3(21.8,42.9) 31.0(27.9,34.1)

College education and above

58.6 (51.5, 65.7)

67.7 (57.1,78.2)

69.0 (65.9, 72.1)

Marital status

Married 69.6 (64.3,74.8) 57.9 (46.2, 69.6) 68.0 (65.4,70.7)
Divorced, separated, or widowed 10.2 (7.3, 13.0) 21.1(10.8, 31.5) 15.8 (14.0,17.7)
Never married 20.3 (15.8,24.8) 21.0 (10.1, 31.8) 16.2 (13.8, 18.6)
Income to poverty ratio (IPR)

IPR < 130% 16.6 (11.9, 21.4) 25.90 (11.7, 40.0) 10.5 (8.8, 12.3)
130% < IPR < 300% 27.0 (22.0, 32.1) 17.0 (7.0, 26.9) 24.2 (21.6,26.9)
IPR > 300% 56.4 (50.2, 62.5) 57.2(43.3,71.1) 65.2 (62.3,68.1)

Obesity

Non-obese (BMI < 30)

66.5 (61.5,71.6)

68.5 (57.4, 79.6)

65.7 (62.8, 68.6)

Obese (BMI > 30) 33.5(28.4, 38.6) 31.5(20.4, 42.6) 34.3(31.4,37.2)
Smoking
Non-smoker 61.2 (55.1, 67.4) 68.6 (53.8, 83.4) 57.4 (54.6, 60.2)
Former or current smoker 38.8 (32.6, 44.9) 31.4 (16.6,46.2) 42.6 (39.9,45.4)
Self-rated health
Good or excellent health 86.4 (82.9, 89.8) 91.8 (86.8, 96.9) 89.0 (87.3, 90.6)

Fair or poor health

13.7 (10.2,17.1)

8.2(3.1,13.2)

11.1(9.4,12.7)

Chronic condition

Diabetes 6.9 (3.4, 10.3) 3.4(0.6,6.2) 8.4(7.0,9.7)
Arthritis 12.3 (9.0, 15.6) 17.1(6.8,27.3) 22.1(20.0, 24.3)
Coronary artery disease 25(0.5,4.4) 0.4(0.0,1.3) 3.3(24,4.2)
Stroke 2.2(0.4,4.1) 2.7(0.0,5.9) 1.5(0.9,2.1)
Cancer 44(2.1,6.7) 12.2 (4.3, 20.0) 9.6 (7.9,11.3)
Day of the week
Weekday 27.3(22.4,32.2) 34.6 (13.9,55.4) 33.6 (30.9, 36.2)
Weekend 72.7 (67.8,77.6) 65.4 (44.7,86.1) 66.4 (63.8,69.1)
Survey wave
2005-2006 28.0 (21.8,34.2) 21.5(7.4,35.5) 25.2(21.1,29.3)
2007-2008 25.0 (17.1, 32.9) 22.4(9.9,35.0) 25.9 (22.8,29.1)
2009-2010 20.2 (13.6,26.9) 23.6 (10.2,37.0) 23.2(20.2,26.2)
2011-2012 26.8 (18.1, 35.5) 32.6 (10.2,54.9) 25.7 (22.2,29.1)

Notes: The NHANES multi-wave sampling design was accounted for in estimating the percentages.
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Table 2. Daily energy and nutrient intake at full-service restaurant by plain water and sugar-sweetened
beverage (SSB) consumption status, 2005-2012 NHANES.

SSB Consumption Plain Water but No SSB No Plain Water or SSB

Intake (95% CI) Consumption (95% CI) ~ Consumption (95% CI)
Sample size 523 85 2292
Total energy (kcal) 1277.0 (1184.3, 1369.6) 749.4 (613.5, 885.3) 907.2 (877.2,937.1)
Added sugar (g) 69.3 (64.3,74.2) 92(62,12.2) 14.8 (13.6,16.0)
Saturated fat (g) 15.0 (134, 16.5) 9.3(7.4,11.2) 12.4 (12.0, 12.9)
Sodium (mg) 2331.0 (2122.0, 2540.1) 1575.8 (1243.4, 1908.2) 1877.9 (1819.8, 1936.1)

Notes: The NHANES multi-wave sampling design was accounted for in estimating the percentages.

Table 3 reports the adjusted differences in daily energy and nutrient intake at a full-service
restaurant by onsite SSB and plain water consumption status based on regression estimates.
After adjusting for individual characteristics, daily energy intake at a full-service restaurant among
SSB consumers was 443.4 (95% confidence interval CI = 297.3, 589.6) kcal and 321.3 (95% CI = 224.0,
418.7) kcal higher than among plain water consumers and SSB/water non-consumers, respectively.
Adjusted daily added sugar intake at a full-service restaurant among SSB consumers was
58.2 (95% CI =52.2, 64.2) g and 53.3 (95% CI = 48.3, 58.4) g higher than among plain water consumers
and SSB/water non-consumers, respectively. Adjusted daily saturated fat intake at a full-service
restaurant among SSB consumers was 4.4 (95% CI = 2.0, 6.8) g and 2.2 (95% CI = 0.6, 3.8) g higher
than among plain water consumers and SSB/water non-consumers, respectively. Adjusted daily
sodium intake at a full-service restaurant among SSB consumers was 616.8 (95% CI = 286.8, 946.8) mg
and 380.5 (95% CI = 160.8, 600.2) mg higher than among plain water consumers and SSB/water
non-consumers, respectively.

Table 3. Adjusted differences in daily energy and nutrient intake at full-service restaurants by plain
water and sugar-sweetened beverage (SSB) consumption status, 2005-2012 NHANES.

Sample size 2900 2900 2900 2900
Plain water and SSB intake status
SSB consumption Reference Reference Reference Reference
—443.4 % —58.2 %% —616.8 ***

Plain water but no SSB consumption —4.4*(-6.8, —2.0)

(—589.6, —297.3) (—64.2, —52.2) (—946.8, —286.8)
. } —321.3 %% —53.3 # e ng ~380.5 %
No plain water or SSB consumption (—4187, —224.0) (584, -48.3) 2.2**(-3.8, —0.6) (=600.2, —160.8)
Sex
Male Reference Reference Reference Reference
Female —300.8 *** —6.0 *** —3.9 #* —581.3 ¥+
(—351.0, —250.6) (~8.3,-3.7) (4.8, -3.0) (~691.0, —471.6)
Age group
18-34 years of age Reference Reference Reference Reference
35-49 years of age 462 (~34.3,126.7) 14 (~1.8,4.6) 1.0 (—04,2.3) 254.8 * (55.7, 453.8)
—412 —6.3
50-64 years of age (~120.8, 38.5) 2.0(-22,6.1) —1.0(-24,0.3) (~1718,159.2)
i ~131.8* e e n0 —162.5
65 years of age and above (=2313,-322) 2.6(-7.0,1.8) 2.2* (=39, -0.6) (-357.8,32.8)
Race/ethnicity
White, non-Hispanic Reference Reference Reference Reference
. . —118.1* —2.5% —197.3*
Black, non-Hispanic (—187.2, —49.0) 22(-15,60) (=3.6,-13) (—350.3, —44.2)
73
Other race/multi-race, non-Hispanic ~ —91.6 (—189.7, 6.5) (711;-372 8 —23%*(—4.1,-05)  258.3(-5.9,522.5)
—90.8* —2.7 %+ —129.8

o _5.6%(—10.0,
Hispanic (~176.5, —5.1) 567(-10.0,-1.1) (4.1, —1.4) (—302.8,43.2)
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Table 3. Cont.

Independent Varizble B I I It
Education
High school and below Reference Reference Reference Reference
College education and above —11.7 (-77.7,544) —3.5%*(-6.8, —0.2) 0.00 (—1.1, 1.1) 1.4 (—134.0,136.9)
Marital status
Married Reference Reference Reference Reference
Divorced, separated, or widowed 2.7 (—69.8,75.2) —1.5(-5.7,2.7) 0.2(-1.1,1.5) 47.0 (—128.2,222.2)
Never married 7.8 (—68.7,84.2) —0.3(=39,3.2) —0.5(~1.7,0.8) ~62

(~167.8,155.3)

Income to poverty ratio (IPR)

IPR < 130% Reference Reference Reference Reference
—35.8 —76.3
o o 1.0 (— _
130% < IPR < 300% (-138.6, 67.0) 1.0(—6.9,4.8) 0.1(—14,1.6) (—265.1, 112.4)
B —14.6
IPR = 300% (~1145, 85.4) -4.0(-9.2,12) 0.2(-1.3,1.7) 16.5 (—177.7,210.6)
Obesity
Non-obese (BMI < 30) Reference Reference Reference Reference
Obese (BMI = 30) 27.6 (—29.6, 84.9) —1.7(-48,14) 0.8(-0.2,1.8) 128.6 (—3.1, 260.3)
Smoking
Non-smoker Reference Reference Reference Reference
Former or current smoker 49.6 (—9.1,108.3) 1.2(-1.6,41) 0.4 (—0.8,1.5) 88.8 (—32.9, 210.5)
Self-rated health
—25.0 . —90.4
Good or excellent health (~1067,56.7) 3.0(-0.2,6.3) —1.5*(-2.9,-0.1) (~325.0,144.2)
Fair or poor health Reference Reference Reference Reference
Chronic condition
. —46.1 —131.7
Diabetes (~1402, 48.0) —1.3(-6.1,3.6) —0.2(-19,1.5) (~337.8,74.3)
Arthritis 13.8 (—~55.1, 82.8) 1.8(~0.6,4.2) 05(~07,1.7) 86.8 (—66.6, 240.1)
. —108.0* —211.6
Coronary artery disease (=213.0, —2.9) 2.3(-5.1,9.8) —0.1(-1.9,1.8) (~477.0,53.8)
Stroke 97.1 (—201.2, 395.3) —3.5(-94,24) 0.9 (—3.6,54) 3918
! i ) ) e ) e (—242.5,1026.1)
Cancer ~79.1 (~160.7, 2.5) 1.6 (~6.8,3.5) ~1.3(-2.7,0.1) —1989*
) e : e i e (—357.3, —30.6)
Day of the week
Weekday Reference Reference Reference Reference
Weekend 88.6 ** (38.2,139.0) 52%%(3.2,7.2) 0.8(-02,1.8) 51.1 (—62.5, 164.6)
Survey wave
2005-2006 Reference Reference Reference Reference
2007-2008 19.6 (—56.0,95.2) —2.7(—6.6,1.2) 0.6 (=0.7,2.0) 62.7 (—81.5, 206.9)
—414 —53.8
2009-2010 (~1185,35.7) —1.4(-5.7,3.0) —0.3 (—1.6,1.0) (~197.4, 89.8)
—68.8
2011-2012 1.3 (~81.5,84.1) 0.7 (~3.6,5.0) 0.7 (~2.1,0.7) (—2372.99.7)

Notes: Linear regressions were performed to estimate the adjusted differences in daily energy and nutrient
intake at full-service restaurants by plain water and SSB consumption status, accounting for the NHANES
multi-wave sampling design. * 0.01 < p < 0.05; ** 0.001 < p < 0.01; and *** p < 0.001.

Women consumed less daily total energy, added sugar, saturated fat, and sodium at a full-service
restaurant than men. Compared to those 18-34 years of age, those 35-49 years of age consumed
more sodium, whereas those 65 years of age and above consumed less total energy and saturated
fat at a full-service restaurant. Compared to non-Hispanic whites, non-Hispanic blacks consumed
less total energy, saturated fat, and sodium, Hispanics consumed less total energy, added sugar,
and sodium, and non-Hispanic other race/multi-race consumed less added sugar and saturated fat at
a full-service restaurant. Those with good or excellent self-rated health consumed less saturated fat
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at a full-service restaurant than those with poor or fair self-rated health. Those with coronary artery
disease consumed less total energy and those with cancer consumed less sodium at a full-service
restaurant than those without such chronic conditions. Full-service restaurant consumption during
weekend days was associated with higher total energy and added sugar intake than consumption
during weekdays. Compared to those with high school or lower education, those with college or
higher education consumed less added sugar at a full-service restaurant. Daily total energy, added
sugar, saturated fat, and sodium intake at a full-service restaurant were not found to be associated
with marital status, income level, obesity, or smoking. No temporal trend in daily total energy, sugar,
saturated fat, and sodium intake at a full-service restaurant was identified as none of the coefficients
with respect to survey waves were statistically significant at p < 0.05.

A dose-response relationship between onsite SSB consumption and energy /nutrient intake at
a full-service restaurant was identified, whereas such relationship pertaining to onsite plain water
consumption was statistically significant for total energy, added sugar, and saturated fat intake but not
for sodium intake. An increase in onsite SSB consumption by 100 g was associated with an increase in
daily intake of total energy at a full-service restaurant by 65.1 (95% CI = 50.6, 79.5) kcal, added sugar
by 9.3 (95% CI =8.7,9.8) g, saturated fat by 0.5 (95% CI = 0.2, 0.8) g, and sodium by 78.9 (95% CI = 44.0,
113.7) mg. An increase in onsite plain water consumption by 100 g was associated with a reduction in
daily intake of total energy at a full-service restaurant by 17.8 (95% CI = 0.6, 35.0) kcal, added sugar by
0.5(95% CI=0.1, 0.8) g, saturated fat by 0.3 (95% CIL = 0.0, 0.6) g, and sodium by 32.0 (95% CI = —6.1,
70.2) mg.

4. Discussion

This study examined plain water and SSB consumption in relation to energy and nutrient
intake at full-service restaurants among U.S. adults, using 24-h dietary recall data from a
nationally-representative health survey. Over 18% of U.S. adults had onsite full-service restaurant
consumption on any given day during 2005-2012. Among full-service restaurant consumers,
approximately 16.7% consumed SSBs, 2.6% consumed plain water but no SSBs, and the remaining
80.7% consumed neither beverage at the restaurant. Adjusting for individual characteristics and
accounting for sampling design, those consuming SSBs onsite had the highest daily intake of total
energy, added sugar, saturated fat, and sodium at a full-service restaurant, whereas those consuming
plain water but no SSBs had the lowest, with those consuming neither beverage was in between.
Compared to onsite SSB consumption, plain water but no SSB consumption was associated with a
reduction in daily total energy intake at a full-service restaurant by 443.4 kcal, added sugar intake by
58.2 g, saturated fat intake by 4.4 g, and sodium intake by 616.8 mg, respectively.

Replacing SSBs with plain water consumption has shown to be associated with reduced daily
intake of total energy, added sugar, saturated fat, and sodium in some intervention and epidemiological
studies [38—40]. Dining out at a full-service restaurant has been linked to increased energy intake
and reduced diet quality [14,15,41]. Findings from this study confirmed the beneficial nutritional
implications of plain water consumption at the full-restaurant setting. Drinking plain water in
substitution for SSBs could help cut total calories as well as intake of certain nutrients that are of
major public health concern, such as added sugar, saturated fat, and sodium when dining at a
full-service restaurant.

Despite the nutritional desirability of replacing SSBs with plain water consumption, only a tiny
proportion of full-service consumers chose to drink plain water, whereas the prevalence of onsite
SSB consumption remained over five-fold larger. The lack of popularity in plain water consumption
contrasts the fact that plain water is often easily accessible and made free-of-charge at a full-service
restaurants as a “default” service to diners. Compared to eating at a fast-food restaurant, where plain
water can be hard to find and a combo meal that includes SSBs is served as the “norm”, it could
be more convenient and advantageous for full-service restaurant consumers to balance their dietary
intake and prevent overconsumption through onsite plain water consumption.
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A dose-response relationship between onsite SSB and plain water consumption and
energy/nutrient intake at a full-service restaurant was identified (although the associations between
plain water consumption and sodium intake were statistically nonsignificant). Higher levels of onsite
SSB consumption were associated with increased daily intake of total energy, added sugar, saturated
fat, and sodium at a full-service restaurant; whereas higher levels of plain water consumption were
associated with reduced intake of total energy and saturated fat. Plain water consumption delivers
satiety and reduces the feelings of hunger and desire to eat but adds no calories to one’s diet [17].
This study finding indicates that increasing onsite plain water consumption while refraining from SSB
consumption could help achieve additional reduction in energy intake at full-service restaurant setting.

We restricted our classification of beverage consumption status at a full-service restaurant to
the “dichotomy” of plain water and SSBs. This simplification allows us to examine the key contrasts
of interest, which are based upon the accumulating evidence on the health benefits of plain water
consumption and the detrimental impacts of SSB consumption on diet quality and obesity [42,43].
Arguably, other types of beverages (e.g., diet drinks, coffee, tea, alcohol, juice, and milk) also play
important roles in determining energy and nutrient intake at full-service restaurants. For example, the
prevalence of tea consumption is substantial, and if a large proportion of tea is calorically sweetened,
it would constitute another large source of added sugar. However, a comprehensive examination of all
beverage types is beyond the scope of this study.

A few limitations of this study should be noted. Dietary intake in the NHANES was self-reported
and subject to measurement error and social desirability bias [44]. Prevalence of plain water
consumption at full-service restaurants was low and this was possibly due to under-reporting of
water intake. This study adopted a cross-sectional design. Although we attempted to reduce the
influence of potential confounders by including a large set of covariates, it is possible that some
unobserved differences in individual characteristics such as taste preferences and/or eating habits that
are correlated with both outcomes and water /SSB consumption status at restaurants. A cross-sectional
study design would not allow us to completely eliminate the possibility of confounding issue and, thus,
the study findings warrant confirmation through controlled interventions. Despite use of multiple
waves of data from a large nationally representative survey, only a tiny fraction (2.6%; N = 85) of the
study sample drank plain water at a full-service restaurant, which compromised estimation precision
and precluded further sample stratification and subgroup analyses by individual demographics and/or
socioeconomic status. A dose-response relationship between onsite plain water consumption and
sodium intake at a full-service restaurant was unidentified, possibly due to the very small sample size
of plain water consumers and consequent lack of variations in quantities consumed. The NHANES is a
probability sample of the U.S. non-institutionalized population, and patients in penal /mental facilities,
institutionalized older adults, and /or military personnel on active duty are not represented.

5. Conclusions

Using 24-h dietary recall data from the 2005-2012 NHANES, this study assessed the relationship
between plain water and SSB consumption and energy /nutrient intake at full-service restaurants in U.S.
adults. Compared to onsite SSB consumption, plain water, but no SSB consumption, was associated
with reduced daily intake of total calories, added sugar, saturate fat, and sodium at full-service
restaurants. In comparison to home-prepared meals, dining out is prone to overeating and poorer
dietary quality. Given that plain water is mostly available and free-of-charge at full-service restaurants,
restricting one’s beverage consumption to only plain water when dining out could be a cost-free and
easily-adaptable strategy to balance energy and nutrient intake and prevent overconsumption.
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The following abbreviations are used in this manuscript:

SSB sugar-sweetened beverages
NHANES National Health and Nutrition Examination Survey
NCHS National Center for Health Statistics
ENDDS Food and Nutrient Database for Dietary Studies
NCI National Cancer Institute
CDC Centers for Disease Control and Prevention (CDC)
FPED Food Patterns Equivalents Database
IPR income to poverty ratio
BMI body mass index
CI confidence interval
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Abstract: This study assessed the relationship between physical activity and beverage consumption
among adolescents with a population based cross-sectional survey was carried out in the Balearic
Islands, Spain (n = 1988; 12-17 years old). Body composition, educational and income level,
physical activity (PA), and beverage consumption and energy intake were assessed. Sixty-two percent
of adolescents engaged in >300 min/week of PA. Boys were more active than girls, younger adolescents
were more active than older counterparts, low parental income was associated with physical inactivity,
and time spent watching TV (including, TV, Internet or handheld cellular devices) was inversely
associated with PA practice. The average beverage intake of the studied adolescents was 0.9 L/day,
higher in boys than in girls. Beverage intake was positively associated with PA practice, and the
highest amount of energy intake from beverages was observed in active boys and girls. Most of the
studied adolescent population met the PA recommendations. Gender, age, parental income, and time
spent watching TV were significant determinants of PA. Type and amount of beverages drunk varied
according to gender and PA, and general daily total beverage intake was lower than recommended
adequate fluid intake. PA behavior should be considered when analyzing beverage consumption
in adolescents.

Keywords: beverage consumption; physical activity; adolescents

1. Introduction

Physical activity (PA) is important for a healthy development [1], and adequate levels of PA are
currently included in most, if not all, public health guidelines for children and adolescents [2]. As PA
increases cell metabolism, it causes an increase in body temperature, and sweating is the main way
of maintaining heat balance during PA, especially in hot climates [2—4], increasing the needs of body
water to keep adequate thermoregulation functioning, and even though fluid needs will be obviously
different in both PA for health and PA as a sport, both show a common physiological basis. Contrary to
former statements, current research indicates that young people have similar thermoregulatory ability
to adults and that an adequate hydration contributes to a better thermoregulatory ability [5].

Insufficient voluntary fluid intake is common among active young people [6] and if they fail
to replace fluid loss during and after exercise, it could lead to more heat storage in the body [7,8].
Hypohydration affects prolonged aerobic exercise more than it affects short, high-intensity anaerobic
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exercise [9,10]. Adolescents need to consume enough fluid to maintain an appropriate euhydration [7].
Fluid ingested before, during, and after exercise decreases dehydration, core temperature for a given
heat production, heart rate, and cardiac strain [11], and then contributes to maintain skin blood flow
and to increase exercise performance [12,13].

Beverages are an important source of fluids to maintain appropriate hydration level, but
fluid requirements of physically active people are influenced by climate, age, sex, body size,
sweat production, and food habits, as well as intensity and duration of PA [14-16]. One study has
published beverage consumption in European adolescents [17], but most publications are mainly
focused on sugar-sweetened beverages and overweight [18,19].

Therefore, fluid intake is essential for health, but also for a good PA performance, mainly in
developing bodies, as in adolescents. However, scarce studies have assessed the relation between
physical activity and beverage consumption among adolescents, and then recommendations do not
distinguish between physically active and inactive subjects [20]. This study assessed the relationship
between physical activity and beverage consumption among an adolescent population.

2. Materials and Methods

2.1. Study Design

The study is a population-based cross-sectional survey carried out in the Balearic Islands (Spain),
a Mediterranean region, between 2007 and 2008.

2.2. Study Population

A multicenter study was performed on Balearic Islands’ adolescents aged 12-17 years.
The population was selected by means of a multiple-step, simple random sampling, taking into
account first the location of all the Balearic Islands (Palma de Mallorca 400,578 habitants, Calvia 50,328,
Inca 30,651, Manacor 40,170, Maé 28,006, Eivissa 49,975, Llucmajor 34,618, Santa Margalida 11,672,
S’Arenal 16,719, and Sant Jordi de Ses Salines 8048) and then by random assignment of the
schools within each city. Sample size was stratified by age and gender. The socio-economic variable
was considered to be associated to geographical location and type of school. As the selection of
schools was done by random selection and fulfilling quota, this variable was also considered to be
randomly assigned.

In order to calculate a representative number of adolescents, the variable Body Mass Index
(BMI) with the greatest variance for this age group from the data published in the literature at the
time the study was selected. The sampling was determined for the distribution of this variable;
the confidence interval (CI) was established at 95% with an error +0.25. The total number of subjects
was uniformly distributed in the cities and proportionally distributed by sex and age. Exclusion criteria
were: self-reported type 2 diabetes, pregnancy, alcohol or drug abuse, and non-directly related
nutritional medical conditions.

The sample was oversized to prevent loss of information and as necessary to do the fieldwork in
complete classrooms. In each school, classrooms were randomly selected among those of the same
grade or level, and all the adolescents of one classroom were proposed to participate in the survey.
A letter about the nature and purpose of the study informed parents or legal guardians. After receiving
their written consent, the adolescents were considered for inclusion in the study. All responses of
questionnaires were filled in by adolescents. After finishing the field study, the adolescents who did
not fulfill the inclusion criteria were excluded. Finally, the sample was adjusted by a weight factor
in order to balance the sample in accordance to the distribution of the Balearic Islands” population
and to guarantee the representativeness of each of the groups, already defined by the previously
mentioned factors (age and sex). The final number of subjects included in the study was 1988
adolescents (82.8% participation), a representative sample of the Balearic Islands’ adolescent population.
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The reasons to not participate were: (a) the subject declined to be interviewed; and (b) the parents did
not authorize the interview.

This study was conducted according to the guidelines laid down in the Declaration of Helsinki,
and all procedures involving human subjects were approved by the Balearic Islands’ Ethics Committee
(Palma de Mallorca, Spain) No. IB-530/05-P1.

2.3. General Questionnaire

Educational and income level of the parents was determined by means of a questionnaire
incorporating the following questions: father’s and mother’s educational level (grouped according to
years and type of education into low, <6 years at school; medium, 6-12 years of education; and high,
>12 years of education), father’s and mother’s income (based on the occupation and classified as low,
<12,000 euros/year; medium, 12,000-22,500 euros/year; and high, >22,500 euros/year), according to
the methodology described by the Spanish Society of Epidemiology [21].

Information about smoking habits and alcohol intake was collected as described: smoking habit
no; yes; occasionally, less than 1 cigarette/day; alcohol consumption no; frequently; occasionally,
less than 1 drink/week.

2.4. Body Composition

Height was determined to the nearest millimeter using a mobile anthropometer (Kawe 44444,
Kirchner & Wilhelm GmBH Co., KG, Asperg, Germany) with the subject’s head in the Frankfurt plane.
Body weight was determined to the nearest 100 g using a digital scale (Tefal, sc9210, Groupe SEB,
Rumilly, France). The subjects were weighed barefoot wearing light underwear, as previously
described [22]. BMI was computed as weight (kg) per height squared (m?), and study participants
were age- and gender-specific categorized using the BMI cut-offs developed and proposed by the
International Obesity Task Force [23] and Cole et al. [24] definitions, and categorized as underweight
(<5th percentile), normal-weight (>5th—<85th percentile), overweight (>85th percentile) and obese
(>95th percentile).

2.5. Physical Activity Assessment

Physical activity was assessed according to the guidelines for data processing and analysis of
the short-form International Physical Activity Questionnaire [25], and its specific modification for
adolescents (IPAQ-A) [26]. The specific types of activity assessed were: walking, moderate-intensity
activities (i.e., PA at school) and vigorous-intensity activities (i.e., sport practice). An additional question
about the time spent on a typical day sitting and watching TV (including, TV, Internet or handheld
cellular devices), playing computer games, or talking with friends, but also time spent sitting at school
and for homework, was used as an indicator variable of time spent at sedentary activities. According
to the Patient-centered Assessment & Counseling for Exercise (PACE) + Adolescent Physical Activity
Measure and existing guidelines [27,28], adolescents were also asked about the number of days with
PA of at least 60 min/day of moderate-vigorous physical activity (=3 Metabolic Equivalents or METs)
during the past 7 days and during a typical week. The number of active days during the past week
and during a typical week was averaged. On the basis of their total weekly PA (at least 60 min/day of
moderate-vigorous physical activity on at least 5 day/week), the subjects were divided into 2 groups:
inactive (<300 min/week) and active (=300 min/week), according to the current PA recommendations
for young people [28,29].

2.6. Assessment of Beverage Consumption and Energy Intake

Beverage consumption and energy intake were assessed using two non-consecutive 24 h diet
recalls period, one was administered in the warm season (May-September) and another in the
cold season (November—March) to account for the effect of seasonal variations. To bias brought
on by day-to-day intake variability, the recalls were administered homogeneously from Monday to
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Sunday. Well-trained dieticians administered the recalls and verified and quantified the food records.
Recalls were performed face-to-face at the participants” classroom. Volumes and portion sizes were
reported in natural units, household measures or with the aid of a manual of sets of photographs [30]
Well-trained dieticians administered the recalls and verified and quantified the information obtained
from the 24 h recalls.

Beverages were categorized into eleven groups: water (tap water, bottled water, and sparkling
water), low-fat milk (low-fat and skimmed milk), whole-fat milk, diet soda (low calorie carbonated
soft drinks), coffee/tea (coffee, black tea and herbal tea), fruit juice 100% (all kinds of natural fruit
juice), non-diet soda (all kinds of carbonated sugared soft drinks), fruit juice (all kinds of fruit juice
sweetened with sugar), alcohol (wine, beer, vodka, and whisky), energy/sports beverages, and others
(carrot juice, beer without alcohol, chocolate milkshake, vanilla milkshake, strawberry milkshake,
diet milkshake, soy milk, rice milk, oat milk, fermented milk drink with sugar, fermented milk drink,
kefir, horchata, and sugar added iced tea).

Total energy intake (TEI) from whole diet and from beverages were calculated using a computer
program (ALIMENTA®, NUCOX, Palma, Spain) based on Spanish [31,32] and European Food
Composition Tables [33], and complemented with food composition data available for Balearic
food items [34]. Identification of misreporters: an energy intake (EI)/basal metabolic rate (BMR)
ratio <0.92 (boys) and <0.85 (girls) was considered to represent under-reporters [35], and an
EI/BMR > 2.4 as over-reporters [36].

2.7. Statistical Analyses

Statistical Package for the Social Sciences for Windows version 21.0 (SPSS Inc., Chicago, IL, USA)
was used. Absolute numbers and percentages of participants according to physical activity practice
were calculated by using a general lineal model adjusted by age, sex, and BMLI. Significant differences
in mean daily beverage and energy intake were tested by means of ANOVA. Significant differences
in percentages were tested by means of x2. Crude and adjusted by potential confounders (age and
sex), odds ratios (OR) and 95% confidence intervals (CI) were calculated to examine the relationship
between the risk of being inactive and socio-demographic and lifestyle characteristics. Linear regression
analysis was used to evaluate associations between physical activity and beverage consumption. For all
statistical tests, p < 0.05 was taken as the significant level.

3. Results

3.1. Socio-Demographic and Lifestyle Characteristics of the Population

Twenty-two percent of the final sample did not report their energy intake accurately
(underreporters 20% and overreporters 2%) and were excluded from further analysis. Table 1 shows
the socio-demographic and lifestyle characteristics of the study population according to PA level.
Sixty-two percent of the adolescents met the recommendations (>300 min/week). Sex, age, parental
education level and income, alcohol intake and time spent watching TV, were significant determinants
of PA practice. Boys and younger adolescents had lower risk of being inactive. Adolescents whose
father had lower income were more likely to be inactive. The length of time spent watching TV
was positively associated with PA, and the risk of being inactive was lower among adolescents who
watched TV < 1h/day.

3.2. Daily Beverage Consumption and Energy Intake

Daily beverage, energy intake and percentage of consumers among adolescents related with PA
practice are shown in Table 2. Beverage and energy intake were obtained only from those adolescents
who consumed the drinks. Physically active girls had higher mean daily water, total beverage,
and beverage TEI, and lower fruit drink intake than inactive girls. Physically active boys showed
higher total beverage, dietary TEI, and beverage TEI than inactive boys. Gender differences were also
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observed: inactive boys showed higher consumption of whole-fat milk, and soda, as well as higher
dietary and beverage TEI than inactive girls; and active boys showed higher consumption of whole
milk, fruit drinks, and soda consumption, and dietary and beverage TEI, as well as lower low-fat milk
than active girls. Percentage of consumers of whole milk, fruit juice and fruit drinks, and energy/sport
beverages are higher among active boys; proportion of consumers of low-fat and whole milk, fruit juice,
and energy/sport beverages are higher among active girls. Among inactive adolescents, boys showed
higher percentage of consumers of low-fat milk, diet soda, and other beverages, whereas girls showed
higher proportion of consumers of fruit drinks, soda, coffee/tea, and other beverages than active peers.

Table 1. Socio-demographic and lifestyle characteristics, according to physical activity and
multivariable analysis of risk factors for low physical activity versus moderate and high physical
activity groups.

Inactive ! Active 2 x? Risk of Being Inactive
n (%) 3 n(%) 3 OR * (95% CI)
Sex <0.0001
Male 171 (23.2) 568 (76.8) 0.31(0.25-0.39) *
Female 415 (51.1) 397 (48.9) 1.00
Age (Years) 0.001
12-13 112 (30.5) 256 (69.5) 0.59 (0.42-0.82) *
14-15 274 (38.5) 437 (61.5) 0.82 (0.63-1.06)
16-17 220 (46.6) 252 (53.4) 1.00
Father’s
Education <0.0001
Level ®
Low 200 (41.4) 283 (58.6) 0.94 (0.63-1.39)
Medium 257 (39.2) 397 (60.8) 1.08 (0.78-1.49)
High 124 (29.9) 290 (70.1) 1.00
Mother’s
Education <0.0001
Level
Low 188 (42.6) 254 (57.4) 1.48 (0.99-2.20)
Medium 270 (38.8) 426 (61.2) 1.27 (0.92-1.75)
High 126 (30.6) 287 (69.4) 1.00
Father’s <0.0001
Income
Low 239 (42.6) 321 (57.4) 1.66 (1.12-2.45) *
Medium 252 (35.7) 452 (64.3) 1.28 (0.90-1.83)
High 87(30.3) 200 (69.7) 1.00
Mother’s 0013
Income
Low 245 (31.1) 544 (68.9) 0.72 (0.47-1.10)
Medium 206 (34.4) 393 (65.6) 0.68 (0.46-1.01)
High 60 (36.8) 103 (63.2) 1.00
BMI (kg/m?) 0.870
Underweight 14 (41.5) 20 (58.5) 1.08 (0.50-2.30)
Normal weight 427 (37.8) 703 (62.2) 0.83 (0.56-1.23)
Overweight 99 (39.7) 148 (60.3) 0.94 (0.60-1.47)
Obese 55(39.2) 85 (60.8) 1.00
Smoking 0.473
Yes 40 (43.4) 52 (56.6) 1.09 (0.67-1.77)
Occasionally 149 (37.8) 245 (62.2) 1.01 (0.78-1.30)
No 400 (37.6) 665 (62.4) 1.00
Alcohol Intake 0.032
Yes 336 (36.1) 595 (63.9) 1.02 (0.80-1.31)
No 254 (41.0) 366 (59.0) 1.00
Time Spent
Watching TV 0.001
<1h/day 74 (31.0) 165 (69.0) 0.68 (0.48-0.97) *
1-2 h/day 328 (36.7) 565 (63.3) 0.82 (0.64-1.04)
>2h/day 184 (43.9) 235 (56.1) 1.00

1 Physical activity < 300 min/week; 2 Physical activity > 300 min/week; ® Percentage of population was
tested by x%; # Odds ratios (ORs) and 95% Confidence Interval (95% CI) were adjusted by age and gender;
*Odds ratios within a column, for a characteristic, were statistically significant from 1.00 (p < 0.05); 5 Educational
level of parents: low: <6 years, medium 6-12 years, high: >12 years.
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3.3. Beverage Consumption According to Seasons

Tables 3 and 4 (boys and girls, respectively) show daily beverage, energy intake and percentage
of consumers among active and inactive adolescents according to seasons. More water, diet soda,
and total beverages are consumed in the warm than in the cold season in both active and inactive
boys and girls. Alcoholic beverages as well as dietary and beverage total energy intake are more
consumed in the cold season. In boys, activity in the cold season increased water, fruit juice (100%) and
dietary TEI and decreased coffee/tea consumption, whereas in the warm season there were increased
water, low-fat milk and total beverage consumption, and decreased whole milk, fruit juice (100%), fruit
drinks, coffee/tea and alcoholic beverage consumption. In girls, activity in the cold season increased
diet soda consumption, whereas in the warm season there were increased water, fruit juice (100%),
diet soda, energy/sport beverages, and total beverage consumption.

3.4. Beverage Consumption According to Physical Activity

Proportions of consumers of each beverage according to physical activity level are shown in
Figure 1. More than half of the consumers for each beverage were physically active. Highest consumption
of energy/sport beverage drinkers was found among active adolescents, whereas the highest proportion
of diet soda drinkers was observed among inactive subjects.

100%

D Active
80%

@Inactive
60%

40%

20%

0%

Water

Whole Milk

Low Fat Milk

Fruit Juice (100%)

Fruit Drinks

Soda

Diet soda

Coffee/Tea

Alcoholic beverages

Energy/Sport
Drinks

Others

Total beverages

Figure 1. Proportions of consumers of each beverage according to physical activity level (others include
carrot juice, beer without alcohol, chocolate milkshake, vanilla milkshake, strawberry milkshake,
diet milkshake, soy milk, rice milk, oat milk, fermented milk drink with sugar, fermented milk drink,
kefir, horchata, and sugar added iced tea).

Results of the linear regression analysis on the association between PA level and beverage
consumption are shown in Table 5. A statistically significant and positive association was observed
between PA level and total beverage consumption in model 2 (adjusted data by age, gender, total energy
intake and BMI; p = 0.032).
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Table 5. Association between physical activity and beverage consumption.

Physical Activity
Beverages Model 11 Model 2 2
B SE P p SE )

Water 0.164 0.130 0.205 0.190 0.137 0.166
Low Fat Milk —0.021 0.029 0.478 —0.018 0.031 0.566
Whole Milk 0.018 0.037 0.620 0.046 0.038 0.213
Fruit Juice (100%) 0.016 0.014 0.246 0.021 0.015 0.157
Fruit Drinks —0.023 0.040 0.564 —0.029 0.043 0.493
Soda 0.081 0.047 0.087 0.089 0.050 0.073
Diet Soda 0.011 0.007 0.092 0.010 0.007 0.152
Coffee/Tea 0.006 0.007 0.435 0.008 0.007 0.300
Alcoholic Beverages 0.002 0.005 0.674 0.002 0.006 0.725
Energy /Sport Beverages 0.003 0.009 0.772 0.003 0.010 0.743
Others 3 —-0.010 0.020 0.609 —0.011 0.021 0.611
Total Beverage 0.265 0.147 0.072 0.313 0.146 0.032

1 Adjusted by age and gender; 2 Adjusted by age, gender, total energy intake and BMI; 3 Others include carrot
juice, beer without alcohol, chocolate milkshake, vanilla milkshake, strawberry milkshake, diet milkshake,
soy milk, rice milk, oat milk, fermented milk drink with sugar, fermented milk drink, kefir, horchata, and sugar
added iced tea.

4. Discussion

Fluid intake either from water, beverages or foods is necessary for physical and mental
function [5,14]. However, fluid needs for individuals are variable depending on age, body size, PA level,
perspiration, food habits, and environmental conditions [14-16]. Hydration plays an important role
in the ability to perform PA, but not in short bout exercise (power or anaerobic activities) [37].
Physical performance is impaired by dehydration, even during relatively short-duration, intermittent
exercise, which may provoke changes in cardiovascular, thermoregulatory, metabolic, and central
nervous function that become greater as dehydration worsens [38]. Therefore, hydration status should
be controlled among people practicing PA, and beverages are an important source of fluids to maintain
appropriate levels of hydration.

In addition to normal meals and fluid intake, appropriate prehydrating with beverages is useful
to start the PA euhydrated, mainly taking water as the main hydration source. It should be started at
least several hours before the activity. During exercise, consuming beverages will allow to prevent
dehydration to avert compromised performance. After exercise, beverage consumption will allow to
replace any fluid deficit [39].

Participating in regular PA and eating a balanced diet are recognized to be beneficial for health [40],
but physical inactivity of adolescents has been usually reported [1,41,42]. In the present analysis most
of the studied adolescents were physically active, which is similar to previous results reported in
developed countries [43—47], and higher than in developing countries [48,49], measured by means of
self-reported instruments of PA assessment similar to the method used in this study. In agreement with
previous findings [1,41-51], boys were more active than girls, younger adolescents were physically
more active than their older counterparts, low parental income was associated with increased
likelihood of being physically inactive, and time spent watching TV was inversely associated with
PA. Displacement of PA by TV viewing decreases energy expenditure [41]. In addition, during TV
viewing the consumption of beverages, mainly sugar-sweetened beverages, may increase the total
energy intake [19,50]. It has been shown among our inactive girls that showed higher total energy
intake from beverages than active girls.

Consumption of beverages varied according to sex and PA. The average beverage intake of
the studied adolescents was 0.9 L/day, higher in boys than in girls, but these values were lower
than the European Food Safety Authority [20] recommended adequate fluid intake (9-13 years: boys
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2.1 L/day and girls 1.9 L/day; >14 years: boys 2.5 L/day and girls 2.0 L/day), and lower than
mean beverage consumption of European adolescents (1.6 L/day in boys and 1.3 L/day in girls) [16].
However, these recommendations of adequate intakes are applied only to conditions of moderate
environmental temperature and moderate PA levels.

Accordingly, water, soft drinks and total beverage consumption were higher in the warm than
the cold season, whereas alcohol and beverage total energy intake were higher in the cold season.
These results are quite different from previous results in Korean school students that showed no
differences between winter and summer on amounts of beverage per day and the daily energy
intake from beverage consumption [52]. However, Korean girls, similarly to ours, also showed
higher consumption of sweetened beverages in the warm season. Furthermore, no evidence that
fluid consumption among children was significantly related to the mean temperature in modern
conditions [53]. The 1997 Spanish National Household Health Survey showed that Spanish adolescents
did not show seasonality of alcohol drinking habits, and they were only weekly drinkers, mainly on
weekends [54]. Then, it could be inferred that most consumed beverages to recover fluid loss
(i.e., water) are linked to the environmental heat, whereas consumption of hot (i.e., coffee or tea)
and alcoholic beverages, with an additional calorific action, are linked to the environmental cold.
However, changes in beverage consumption are mainly related to PA practice, and when these
differences appeared in seasons, they may be the result of both PA and season, according to loss or
need of fluids and nutrients.

As expected, total beverage intake of the studied adolescents was positively associated with
PA. The highest amount of beverage TEI was observed in active boys and girls, in spite that it was
lower than beverage TEI of European adolescents [16]. Active boys preferred to consume high energy
beverages such as whole fat milk, or fruit drinks, whereas active girls preferred to consume low energy
beverage such as low-fat milk, which may be related to the girls’ preference for a slim body shape [55].

Except diet soda and alcoholic beverage drinkers, more than 50% of all other beverage consumers
met the PA recommendations. It is usually recommended to increase the daily PA level to lose weight
in conjunction with better diet quality may contribute to better body weight control and prevention of
various chronic diseases [56], but PA is also important for disease prevention, weight maintenance and
overall health, including optimal growth and development for children and adolescents, and then it is
usually recommended both to control dietary intake and also to practice PA. In this way, the highest
proportion of diet soda drinkers was found among inactive adolescents. Perhaps adolescents drink
diet soda with the recognition that they have not been expending enough energy.

Otherwise, exercise increases the requirement of many electrolytes due to their loss via sweat [57],
and isotonic beverages are used for recovery of missing water and electrolytes during or after physical
activity [57,58]. The highest proportion of energy/sport drink consumers was found among active
adolescents, as previously registered [59], and this behavior might be due to compliment higher energy
expenditure but also to imitate what done by elite sportsmen. The consumption of these beverages
among adolescents may be recommended only after vigorous and prolonged activity [59].

Strengths and Limitations of the Study

This is the first time that the consumption of any kind of beverage and their relationship with
PA has been assessed among adolescents. This study also assessed the percentage of the population
consuming the different beverages, avoiding the sometimes misleading mean intake data.

This study has also limitations. Dietary questionnaires have inherent limitations, mainly because
they are subjective in nature. The difficulties to assess food and beverage intake in humans are
well-known. However, in many cases, self-reporting is the only feasible method of assessing dietary
intake in epidemiological studies. Using single 24-h dietary recalls is not the best method to represent
typical consumption patterns of individuals, because food and beverage consumption individually
vary from day to day and 24-h dietary recalls have limitations related to memory and bias [60].
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PA was assessed according to self-reported questionnaire, and may be affected by recall bias because
adolescents might not able to accurately remember and capture their activities [61].

5. Conclusions

Most of the studied adolescent population met the PA recommendations. Gender, age,
parental income, and time watching TV were significant determinants of PA. Consumption of beverages
varied according to gender and PA, and daily total beverage intake was lower than recommended
adequate fluid intake. PA behavior should be considered when assessing beverage consumption
in adolescents.
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Abstract: We assess the repeatability and relative validity of a Spanish beverage intake questionnaire
for assessing water intake from beverages. The present analysis was performed within the framework
of the PREDIMED-PLUS trial. The study participants were adults (aged 55-75) with a BMI >27
and <40 kg/m?, and at least three components of Metabolic Syndrome (MetS). A trained dietitian
completed the questionnaire. Participants provided 24-h urine samples, and the volume and urine
osmolality were recorded. The repeatability of the baseline measurement at 6 and 1 year was
examined by paired Student’s {-test comparisons. A total of 160 participants were included in the
analysis. The Bland—Altman analysis showed relatively good agreement between total daily fluid
intake assessed using the fluid-specific questionnaire, and urine osmolality and 24-h volume with
parameter estimates of —0.65 and 0.22, respectively (R? = 0.20; p < 0.001). In the repeatability test,
no significant differences were found between neither type of beverage nor total daily fluid intake
at 6 months and 1-year assessment, compared to baseline. The proposed fluid-specific assessment
questionnaire designed to assess the consumption of water and other beverages in Spanish adult
individuals was found to be relatively valid with good repeatability.

Keywords: relative validity; repeatability; fluid questionnaire; beverage; PREDIMED-PLUS study; Spain

1. Introduction

Nowadays, estimating the total fluid intake and real beverage pattern of a population may
be considered as a real challenge in nutritional epidemiology. The associations between hydration,
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water, or beverage intake with health or disease has recently become an important area of research [1,2].
Several authors have assessed the relationship between the consumption of beverages and specific
outcomes: for example, the intake of sugar-sweetened beverages (SSBs) and metabolic syndrome (MetS)
or type 2 diabetes (T2DM) [3], hypertension [4-6] and other cardiometabolic variables [7]; or the intake
of drinking water and its relationship to cardiovascular diseases (CVD) [8]. However, the results
in some cases are controversial [9-11] and it is probably partially attributable to the difficulties in
assessing the real fluid pattern [12]. Water is an essential nutrient for life [13] and the research on its
contribution to human health is very important, so it is essential that the technique used to assess the
consumption of different types of beverage is sufficiently sensitive.

To evaluate total fluid intake (all drinking water and beverages), it is common to use food
frequency questionnaires (FFQ) or 24-h recall [14,15]. However, these questionnaires were mainly
designed to evaluate food intake, and not fluid consumption as a whole. In addition, most food
records or dietary recalls do not evaluate the consumption of drinking water because they do not
provide calories. The assessment of beverage intake in recent years has mostly focused on SSBs and
alcoholic drinks [16,17]. For this reason, and also because fluids are often consumed between meals
and are not perceived as a food, fluid intake tends to be underestimated by the individual and the
interviewer [3,18-20].

In 2010, Hedrick and coworkers published a questionnaire designed to assess the consumption of
different types of beverage in the American population [21]. However, to the best of our knowledge,
there is no standardized and validated questionnaire in Spanish that has been developed as a research
tool for the specific assessment of beverage intake.

For this reason, the main aim of the present study was to assess the repeatability and the relative
validity of a new fluid-specific questionnaire designed to measure the habitual consumption of drinking
water and different types of beverages in a Spanish population.

2. Material and Methods

2.1. Subjects and Design

The present analysis was performed within the framework of the PREDIMED-PLUS trial,
the design of which has been described elsewhere [22]. Briefly, the PREDIMED-PLUS is a large,
multicenter, parallel group, randomized and controlled clinical trial designed for evaluating the safety
and effectiveness of a multifaceted intervention program for alleviating excessive cardiovascular
morbidity and mortality in overweight and obese individuals.

The primary endpoint of the PREDIMED-PLUS trial is to determine the effect on CVD morbidity
and mortality of an intensive weight loss intervention program based on an energy-restricted
traditional Mediterranean diet (MedDiet), increased physical activity and behavioral therapy in
comparison with an intervention based on traditional Mediterranean diet advice (energy-unrestricted
MedDiet) and traditional health care for CVD prevention.

All participants provided written informed consent, and the PREDIMED-PLUS protocol and
procedures were approved by the Institutional Review Board Comité de Etica de Investigacion Clinica
del Hospital Universitario de Gran Canaria Dr. Negrin (code 130093, 30 January 2014) and Comité Etic
d’Investigacié Clinica del Hospital S. Joan de Reus (code 13-07-25/7proj2, 25 July 2013). The trial is
registered at clinicaltrials.gov; identifier: ISRCTN89898870.

The study participants were adult men aged 55-75 and women aged 60-75 with a body mass index
(BMI) =27 and <40 kg/m? and who met at least three of the following criteria for the MetS: abdominal
obesity for European individuals (waist circumferences >88 cm in women and >102 cm in men),
hypertriglyceridemia (>150 g/dL) or drug treatment for high plasma triglyceride (TG) concentration,
low high-density lipoprotein (HDL)-cholesterol (<50 mg/dL in women and <40 mg/dL in men),
high blood pressure (systolic blood pressure >130 mmHg or diastolic blood pressure >85 mmHg) or
antihypertensive drug treatment, or high fasting glucose (=100 mg/dL) or drug treatment for T2DM.
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MetS was defined in accordance with the updated harmonized criteria of the International Diabetes
Federation and the American Heart Association and National Heart, Lung and Blood Institute [23].

The analysis included a total random sample of 160 individuals randomized to the
PREDIMED-PLUS trial from the Reus and Las Palmas de Gran Canaria centers.

2.2. Assessment of Fluid Intake

A trained dietician, on behalf of participants at an interview, filled in the fluid-specific
questionnaire, recording the daily and weekly consumption of different types of beverage over
the previous month (Figure 1 in English and Supplementary materials Figure S1 in Spanish).
The average daily fluid intake from beverages was estimated on the basis of servings of each type
of beverage. The questionnaire items on beverages included: tap water, bottled water, natural fruit
juices, bottled fruit juices, natural vegetable juices, bottled vegetable juices, whole milk, semi-skimmed
milk, skimmed milk, drinking yogurt (100 and 200 cc), milkshakes, vegetable drinks, soups, jellies and
sorbets, sugar-sweetened beverages (S5Bs) (200 and 330 cc), artificially-sweetened beverages (ASBs)
(200 and 330 cc), espresso (sweetened and unsweetened), white coffee (sweetened and unsweetened),
tea (sweetened and unsweetened), other infusions (sweetened and unsweetened), beer (200 and 330 cc),
non-alcoholic beer (200 and 330 cc), wine, sprits, mixed alcoholic drinks, energy drinks, sports drinks
(200 and 330 cc), meal replacement shakes and other beverages. Total fluid intake was considered to be
the sum of all types of beverage.

The amount of water in each beverage was estimated using the percentage of water values from
the United States Department of Agriculture (USDA) online database [24]. All of the analyses were
performed taking into account the mL of water content in each beverage.

2.3. Urine Collection

Participants provided a 24-h urine sample, and trained personnel recorded the volume, the day
it was provided and the mean environmental temperature of the collection day. Participants were
advised that, in the morning, the first urine of the collection day should be discarded, and the first
urine sample of the following day included, thus concluding the 24-h cycle. After receiving the urine
sample, the trained personnel aliquoted the samples and kept them at —80 °C. Urine osmolality (Uosm)
was measured (mOsm/kg) before 31 weeks of freezing using the refractive index method and the
osmometer ARKRAY OM6050 (Arkay Global Business, Kyoto, Japan) Osmo Station. Urine osmolality
is a measure of the number of dissolved particles per unit of water in urine. Some of these particles
can include chloride, glucose, potassium, sodium or urea. In the context of nutrition, the osmolality of
a 24-h urine sample reflects the self-regulating activity of renal concentration or dilution mechanisms
during a 24-h period. It measures the functional surplus of water and characterizes 24-h hydration
status [25].

2.4. Assessment of Other Covariates

At baseline and in each visit during the follow-up, questionnaires were administered about
lifestyle variables, educational achievement, history of illness, and medication use. Physical activity
was assessed using a validated Spanish version of the Minnesota Leisure-Time Physical Activity
questionnaire [26]. Trained personnel took the anthropometric measurements. Weight and height
were measured with light clothing, and no shoes with calibrated scales and a wall-mounted
stadiometer (Certified scale BARYS with stadiometer T2), respectively. Trained dietitians completed
a 137-item semi-quantitative and validated [27] FFQ in a face-to-face interview with the participant.
Energy and protein intake were estimated using a Spanish food composition table [28,29]. In addition,
dietitians administered a 17-item MedDiet screener, adapted from the 14-item questionnaire validated
for the PREDIMED study [30], to assess the degree of adherence to the traditional MedDiet.
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SPANISH BEVERAGE INTAKE

pr edimed™ ASSESSMENT QUESTIONNAIRE

Centre Participant Visit Date

L) Ll Bl

Instructions:
Please indicate your answer for your consumption last month
For each type of beverage consumed, indicate the number of times per day or per week, and with an "X" the moment of the day tht you consumed it
For example, if you drank 2 glasses of wine per week with lunch, mark *lunch” in the “moment of the day” column and put a 2 in "per week” column, If 2 drink is consumed every
day, for example water, indicate how many times “per day" you consumed it. For example: 6 times a day.
Do not take into accourt the liquids usad in the kitchen or in other eulinary preparations, such as sauce or homemade dessert
1f you drink coffee with milk, mark it in the category "coffea with milk” and not in the dairy categanes.

FREQUENCY OF CONSUMPTION
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Tap water 200 cc
Bottled water (sparkling/ still) 200 cc
Natural fruit juices 200 cc
Bottled fruit juices 200 cc
Natural vegetable juices tomato, etc.) 200 cc
Bottled vegetable juices (gazpacho, tomato, etc.) 200 cc
Whole milk 200 cc
Semi-skimmed milk 200 cc
Skimmed milk 200 cc
Drinking yogurt 100 cc
200 cc
Milkshakes 200 cc
Vegetable drinks (soy, oat, almond, etc.) 200 cc
Soups 200 cc
Jellies and sorbets 120 cc
Sugar swestened beverages 200 cc
330 cc
Artificially sweetened beverages 330 cc
200 cc
Espresso (sweetened) 30-50 cc.
Espresso (unsweetened or sugar-free) 30-50 cc
White coffee (sweetened) 125 cc
White coffee (unsweetened or sugar-free) 125 cc
Tea (sweetened) 200 cc
Tea (unsweetened or sugar-free) 200 cc
Other infusions (sweetened) 200 cc
Other infusions (unsweetened or sugar-free) 200 cc
Beer 200 cc
330 cc
Non-alcoholic beer 330 cc
200 cc
‘Wine, champagne 120 cc
High alcoholic content beverages (whisky, rum, vodka, gin) 50 cc
Mixed alcoholic drinks (cocktails, gin tonic, piia colada, etc.) 200 cc
Energy drinks (Red Bull, Burn, etc.) 200 cc
Sport/ Isotonic drinks 200 cc
330 cc
Meal r shakes 200 cc
Other drinks:

Figure 1. The beverage intake assessment questionnaire in English (translated version and not validated tool).

2.5. Statistical Analysis

Beverages and total fluid intake (mL/day) and demographic characteristics are presented
as a means (SD) for continuous variables or percentages (numbers) for dichotomous variables.
Student’s t-test or Pearson’s x? tests were used to compare the quantitative or categorical general
characteristics of the participants.

To assess relative validity, the total daily fluid intake assessed by the fluid-specific questionnaire
was compared to the urine osmolality and the 24-h urine volume values. Associations among these
variables were assessed using the correlational analysis Bland-Altman agreement method. A total
of 160 participants were included in the validity analysis. A stepwise method was used to select
only the significant predictors for urine osmolality. The list of covariates that were not kept in the
final model (i.e., did not contribute significantly) to the model urine osmolality were: sex, height,
weight, center of recruitment, intervention group, total protein intake, MedDiet adherence, leisure-time
physical activity, mean environmental temperature, urine albumin and urine creatinine. The covariates

74



Nutrients 2016, 8, 475

that were kept in the model included age, BMI and total energy consumption. The model for the
24-h urine volume analysis included age and total energy intake. No predictor interactions were
found with any of the aforementioned variables. Quintiles of total water intake, osmolality and 24-h
urine volume were calculated. The osmolality and 24-h urine volume values were adjusted by the
same covariates as were used in the validity analysis. The degree of gross misclassification in the
fluid-specific questionnaire with respect to the adjusted osmolality and adjusted 24-h urine volume
values was evaluated using contingency tables. The proportions of correctly categorized subjects in
the same or adjacent quintiles, and also the individuals classified in extreme quintiles were calculated.

The repeatability of the fluid-specific questionnaire was examined by comparing baseline,
and six-month and 12-month values (in 45 and 34 individuals, respectively) with paired Student’s
t-tests. For a comparison between repeatedly measured variables of consumption of each type of
beverage and total fluid intake during time (baseline, six month and one year), a linear mixed-effect
model for repeated measures was used. In order to avoid the effect of the intervention on beverage and
total-water intake, only individuals from the control group were included in the repeatability analysis.

The level of significance for all the statistical tests was set at p < 0.05 for bilateral contrast.
Analyses were performed using JMP version 12.1.0 (SAS Institute Inc., Cary, NC, USA) and with SPSS
software, version 22.0 (SPSS Inc., Chicago, IL, USA).

3. Results

A total of 160 participants (68 men and 92 women) with a mean age of 65.3 years (range
55 to 75 years) were included in the present analysis. Height and weight, but not BMI, were
significantly different between men and women. Such lifestyle variables as leisure-time physical
activity, MedDiet adherence and total energy consumed were different between genders. Levels of
urine osmolality, urine creatinine and urine albumin were higher in men. Women took significantly
more pain relief pills and tranquilizers than men. The general characteristics of the study participants
are summarized in Table 1.

Table 1. General characteristics of the study population.

Variables All Population (1 = 160) Men (1 = 68) Women (1 = 92) p-Value ?

Age, years 65.3 (4.9) 64.5(5.9) 65.9 (3.9) 0.097
Height, m 1.62 (0.09) 1.69 (0.06) 1.56 (0.06) <0.001
Weight, kg 86.7 (14.3) 94.3 (12.5) 81.9 (12.9) <0.001
BMI, kg/m? 33.0 (4.3) 32.9 (3.6) 33.1(47) 0.328
Leisure-time physical activity, METs/week 3123 (2804) 4006 (2945) 2471 (2518) <0.001
Mediterranean diet score, (0-17 points) 9.2(25) 8.5(2.6) 9.8 (2.3) <0.005
Total energy intake, kcal /day 2229 (551) 2330 (606) 2155 (497) <0.005
Total protein intake, g/day 134 (357) 189 (545) 93 (22) 0.276
Urine volume, mL/day 1722 (651) 1762 (698) 1693 (616) 0.506
Urine osmolality, mOsm/kg 551 (211) 631 (204) 492 (196) <0.001
Urine albumin, mg/dL 13.8 (31.8) 20.0 (39.5) 9.0 (23.4) 0.047
Urine creatinine, pmol/dL 7718 (3760) 9440 (4204) 6431 (2783) <0.001
Urine albumin to creatinine ratio, mg/g 17.1 (43.4) 22.2(53.2) 13.2(33.9) 0.228
Use of medications, % (1)

Aspirin 24.4 (39) 26.5 (18) 22.8(21) 0.596
Pain relief 33.7 (54) 17.6 (12) 45.6 (42) <0.005
Tranquilizers 27.5 (44) 17.6 (12) 34.8 (32) 0.016
Vitamin/minerals 6.9 (11) 29(2) 9.8(9) 0.091
Heart problems 44 (7) 5.9 (4) 3.3(3) 0.423
Antihypertensive agents 79.4 (127) 82.3 (56) 77.2(71) 0.423
Statins 56.9 (91) 50.0 (34) 62.0 (57) 0.131
Insulin 6.2 (10) 5.9 (4) 6.5 (6) 0.869
Oral anti-diabetic drugs 30.0 (48) 30.9 (21) 29.3(27) 0.834
Others 68.1 (109) 63.2 (43) 71.7 (66) 0.254

Data expressed as means (SD) or percentages (11). Abbreviations: BMI, body mass index. ? p-Values for
comparisons between groups were tested by Student’s t-test or X2 as appropriate.

3.1. Relative Validity of the Questionnaire

Total daily fluid intake from beverages assessed by the specific questionnaire was negatively
associated with age and urine osmolality, and positively associated with BMI and total energy intake
(R%: 0.20; p < 0.001). The Bland-Altman analysis showed relatively good agreement between total daily
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fluid intake assessed using the fluid-specific questionnaire, and urine osmolality and 24-h volume with
parameter estimates of —0.65 and 0.22, respectively. The validity results for the total daily fluid intake
assessed with the specific questionnaire are presented in Table 2. The Bland—Altman plot showing the
relationship between total daily fluid intake and 24-h urine volume is shown in a supplementary file
(Figure S2).

Table 2. Parameter estimates for two candidate models (osmolality and urine volume) with similar
predictive ability of total daily beverage intake.

Term Parameter Estimate Standardized 3 *  Standard Error p-Value R?
Intercept 2278
Osmolality —0.65 —0.26 0.18 0.0005  0.20
Age —25.13 —0.23 7.94 0.0019
BMI 23.86 0.15 11.38 0.0376
Total energy 0.27 0.25 0.08 0.0007
Intercept 2455
Urine volume 0.22 0.27 0.06 0.0003  0.20
Age —26.03 —0.24 7.93 0.0013
Total energy 0.24 0.23 0.07 0.0019

* Standardized beta weights are indicative of effect size.

The percentage of gross misclassification (both over-and underestimation by the fluid-specific
questionnaire) as indices of validity of the fluid-specific questionnaire in categorizing individuals was
performed (Supplementary Materials Table S1). Osmolality analysis classified 66% of the individuals
into the same or the adjacent quintile (+1 quintile) with both methods. A total of 4.4% of the individuals
were classified into quintiles at opposite ends of the scale (highest quintile of total water from beverage
intake and lowest quintile of osmolality). A total of 6.9% of the population was classified into the
lowest quintile of total water intake and the highest quintile of osmolality, suggesting that the total
water intake from fluids may have been underestimated. In the 24-h urine volume analysis, 65.7% of
the individuals were categorized in the same or the adjacent quintile (+ 1 quintile) by both methods.
A total of 4.4% and 1.3% of the population studied were misclassified in extreme quintiles (the highest
quintile of total water intake and the lowest 24-h urine volume quintile, and the lowest of the total
water intake and the highest 24-h urine volume quintiles, respectively).

3.2. Repeatability of the Questionnaire

Table 3 shows the repeatability of the fluid-specific questionnaire measurements for each type of
beverage analyzed (baseline vs. six months and baseline vs. one year). The consumption in mL/day
of each type of beverage and total daily fluid intake at baseline, six months and one year is described.
The differences in the consumption (mL/day) between baseline and six months and baseline and one
year, and differences in the consumption during all the visits are also shown in the table. No significant
differences were found in the fluid consumption from beverages between the baseline and six months
or one-year assessments.
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4. Discussion

The main objective of the present analysis was to assess the relative validity and repeatability of
a fluid-specific questionnaire designed to measure the habitual consumption of drinking water and
different types of beverage. We report for the first time that the use of a fluid-specific questionnaire
in Spanish and designed for the Spanish population seems to be highly repeatable, and relatively
valid for estimating the daily intake of water from beverages. This tool may be useful for clinicians
and researchers interested in assessing habitual water-drinking and beverage-consumption patterns,
particularly in large-scale investigations, in which other resource-intensive dietary intake assessment
techniques are not so accurate [31].

Although the present fluid-specific questionnaire is the only one to have been validated in
Spanish, other questionnaires designed to evaluate beverage intake have been published and validated
by a variety of different methods [17,21,31,32]. In 2009, Neuhouser and coworkers developed a
questionnaire for assessing the consumption of snacks and beverages, mainly sweetened beverages,
by young adolescents [31]. The participants filled in the self-reported beverage questionnaire and
also a four-day dietary record. This second method was compared with the beverage questionnaire
to assess its validity. The same method was used by Hedrick in 2010 to validate a questionnaire
designed to assess the intake of water and caloric beverages [21]. This study used the energy intake
from the four-day food record as a method for validating the fluid questionnaire. Although urine
samples were collected, they were used to objectively determine total fluid intake and to encourage
accurate self-reporting, not for purposes of validation. To date, and to the best of our knowledge,
only one questionnaire has been validated using hydration indices with 24-h urine samples [32].
In 2012, Malisova and colleagues developed a “water balance questionnaire”, designed to evaluate
water drinking and also water intake from solids and other beverages [32]. For validation purposes,
urine was collected from 40 healthy adults and osmolality, 24-h volume, specific gravity, pH and
color were evaluated. Although all of these indices have been demonstrated to be biomarkers of
hydration, nowadays there is still no biomarker universally accepted as the “gold standard” [33,34].
Nevertheless, in the Malisova study, urine osmolality was proposed as the most promising urine
biomarker of all the ones used [32,35]. In the present analysis, the 24-h urine samples were frozen for
a few weeks, and the freezing-point depression method could not be used for assessing osmolality.
Even though the method used in our study was not the same as the one used in the previously
mentioned paper, the validation results were very similar in both studies. The results were also similar
for the 24-h urine volume as a biomarker of hydration status. Urine volume in both of our studies and
Malisova’s was found to be significantly related to hydration, but not as strongly as to urine osmolality.

In our study, only 1% to 7% of the subjects were misclassified into extreme quintiles. We found
that total water intake was considerably underestimated with the fluid-specific questionnaire in
comparison with adjusted-osmolality values. This may be because beverages, mainly drinking water,
are consumed during the day and often between meals, so they are not perceived as an important food
by the participants and tend to be underestimated [18,19].

The second important outcome of the present study is that the repeatability of the Spanish
fluid-specific questionnaire was tested. No differences were found for any of the beverages or in the
total daily fluid intake at the different times of evaluation (baseline versus six months or one year),
either during all the visits as repeated measures. Therefore, beverage intake and patterns can be
compared over time.

The test-retest interval between the three evaluation times of the questionnaire is a factor that
has an important influence on repeatability [27]. If the interval is too short, the following evaluations
can be influenced by the memory of the first answers, and repeatability will be overestimated.
On the other hand, if the interval is too long, the drinking patterns may have changed, which could
lead to an underestimation of repeatability [36]. According to a comprehensive review, the time
intervals in reports using FFQs range between 2 h and 15 years [37]. In the present analysis, we chose
time intervals of six months and one year to prevent the types of bias mentioned above.
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This study has several strengths. The ability to accurately assess the validity and repeatability
of a questionnaire relies on having a large sample [38] and using multiple statistical methods,
which has been achieved in this present study. The second strength is the use of hydration biomarkers
instead of dietary intake methods to determine the validity of the analysis. Biomarkers make it
possible to improve validation, as they avoid bias caused by measurement errors (memory of the
interviewers, errors in estimating food intake), which impact on the statistical power of the study.
Another important strength of the present analysis is that the questionnaire was completed by trained
dietitians. By avoiding the use of self-reported data we significantly reduced the risk of underreporting
errors. However, the study also has several limitations. The present questionnaire may underestimate
certain beverage categories because of the serving sizes established (for example, water intake (tap and
bottled)). However, estimated mean daily water intake and also total daily fluid intake are very
similar to those reported in 2014 in a Spanish population [39], and the present findings did not
indicate a ceiling effect. Due to the fact that our population was middle-aged and elderly rather
than healthy individuals, future studies should focus on healthy adults and children and other
minorities to determine if the fluid-specific questionnaire is a valid tool across other population groups.
Another limitation was the lack of a measure to assure the completeness of the 24 h urine samples.
However, at the moment the urine was brought in, we asked the participants whether they had
followed the instructions and whether they had had any problem with the collection. A final limitation
was the use of frozen samples. It has been suggested that freezing urine samples generates urinary
sediments that consist predominantly of endogenous calcium oxalate dehydrate and amorphous
calcium crystals [40] and that this may account for the changes in osmolality observed after freezing.
However, several studies have shown that the changes in frozen urine osmolality are trivial and
physiologically irrelevant, especially because daily variations in urine osmolality are considerably
larger than these changes [41,42]. The long-term stability and measurement validity for frozen urine
were found to be good without the addition of a preservative. The prospective storage of frozen
urine aliquots, even exceeding 10 years, appears to be an acceptable and valid tool in epidemiological
settings for subsequent urine analysis [43]. Nevertheless, in the present study, we measured osmolality
levels in a subsample of urine just after the collection (n = 59), without freezing, and no significant
differences were found (data not shown).

5. Conclusions

The present fluid-specific questionnaire appears to be a relatively valid and a highly reliable tool
for assessing intake of water and other types of beverages in Spanish adults. The Spanish beverage
intake assessment questionnaire may help nutrition researchers and clinicians to evaluate beverages,
patterns and changes in consumption and their influence on health or disease.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/8/8/475/s1,
Figure S1: The beverage intake assessment questionnaire in Spanish (validated tool); Figure S2: Bland—Altman
plots showing the relationship between total daily water intake (mL/day) and 24-h urine volume (mL/day);
Table S1: Contingency tables for the gross misclassification between quintiles of total daily water intake and (A)
osmolality adjusted or (B) 24-h urine volume adjusted.
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Abstract: This study evaluates total water intake (TWI) from plain water, beverages and foods among
Lebanese children and compares TWI to dietary reference intakes (DRIs). In a national cross-sectional
survey, data on demographic, socioeconomic, anthropometric, and physical activity characteristics
were obtained from 4 to 13-year-old children (n = 752). Food and beverage consumption patterns
were assessed using a validated food-frequency questionnaire. TWI was estimated at 1651 mL/day,
with beverages contributing 72% of the TWI compared to 28% from foods. Beverages with the highest
contribution to TWI included plain water, fruit juice and soda. A significantly higher proportion
of 9-13-year-old children failed to meet the DRIs compared to 4-8 years old (92%-98% vs. 74%).
Gender differentials were observed with a significantly higher proportion of boys meeting the DRIs
compared to girls. The water to energy ratio ranged between 0.84 and 0.87, which fell short of
meeting the desirable recommendations. In addition, children from higher socioeconomic status
had higher intakes of water from milk and bottled water, coupled with lower water intakes from
sodas. The study findings show an alarming high proportion of Lebanese children failing to meet
TWI recommendations, and call for culture-specific interventions to instill healthy fluid consumption
patterns early in life.

Keywords: water intake; beverage consumption; water adequacy; hydration; children; Lebanon

1. Introduction

Water is quantitatively the most important nutrient, playing a critical role in maintaining adequate
hydration status [1]. Hypohydration is recognized as a precipitating factor in a number of acute medical
conditions [2]. Even short periods of fluid restriction, characterized by a loss of body mass of 1%-2%,
may lead to increases in self-reported tiredness and headache and to reductions in the subjective
perception of alertness and ability to concentrate [2]. In addition, recent studies suggest that changes
of hydration status may affect cognitive performance in children, whereby improved hydration was
associated with enhanced performance on cognitive tests such as the digit-span and pair-cancellation
tasks and with improved short-term memory [34].

Children are amongst the population groups that are at particular risk of hypohydration and
inadequate water intakes [2,5,6]. Despite its critical importance in health and nutrition, the array of
available research that serves as a basis for assessing the adequacy of water intake, remains limited
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in comparison with most other nutrients [1]. Adequate intakes for water are defined based on:
(1) observed water intakes in various population groups; (2) desirable water volumes per 1000 kcal;
and (3) desirable osmolality values in urine. The Dietary Reference Intakes (DRIs) for Water and
Electrolytes reported by the Institute of Medicine (IOM) have set the Adequate Intake (AI) for total
daily water intake at 1.7 L/day in 4-8-year-old children, 2.1 L/day in 9-13-year-old girls and 2.4 L/day
in 9-13-year-old boys [7]. The European Food Safety Authority (EFSA) established total water Al
levels at slightly lower levels: 1.6 L/day for boys and girls aged 4-8 years, and at 1.9 L/day for
girls and 2.1 L/day for boys aged 9-13 years [8]. The water-to-energy ratio is another proposed
index of adequate hydration; an index that incorporates to some degree, body size or surface area,
and activity [1,9]. Accordingly, the desirable total water intake (TWI) is estimated to range between
1.0 and 1.5 L per 1000 kcal in children, depending on activity levels and water losses [8,10].

The established DRI values are based on water obtained from plain drinking water (bottled or
tap), water from other beverages, and water from foods (both intrinsic water in foods and water
added during food preparations) [8,10,11]. The DRIs were set mostly to prevent the adverse
effects of dehydration, but beyond issues of hydration, there is increasing interest in characterizing
consumption patterns of plain water vs. water arising from other sources. Some epidemiological
data suggest that water may have different metabolic effects when consumed alone rather than
as a component of flavored, sweetened or caffeinated beverages, but available evidence remains
inconclusive [12,13]. Drinking plain water instead of caloric beverages helps to reduce dietary energy
density, and may contribute to the regulation of body weight [1,9,14]. Some studies have also suggested
that consumption of plain water is associated with better diets and better health behaviors in youth [15].
Based on the 2010 National Youth Physical Activity and Nutrition Study, Park et al. showed that low
water intake was associated with poor diet quality and physical inactivity amongst US adolescents [16].

Although beverage consumption patterns and their contribution to energy intake (EI) have
been well documented in children, few studies have explored the consumption of plain water
and the adequacy of TWI in this age group [9,11,17,18]. A study conducted on a national sample
of 4-13-year-old children in the US, showed that plain water, tap and bottled, contributed 25%-30% of
total dietary water and that more than 75% of children did not meet the DRIs for TWI [9]. The study by
Vieux et al. (2016), on 4-13-year-old French children and the study by Piernas et al. (2014), on Mexican
children have also shown that the contribution of plain water to TWI did not exceed 34% and that a
high proportion of children did not meet the recommendations (71%—90%) [11,17]. With the exception
of few studies reporting on the contribution of various beverages to EI or on the volume of ingested
fluids [19,20], no studies have investigated TWI and its adequacy amongst children in the Middle-East
and North Africa (MENA), a region that is characterized by a hot climate, a high prevalence of dietary
inadequacies in children [21,22] and one of the highest burdens of pediatric overweight and obesity
worldwide [22]. Based on a nationally representative survey conducted in 2015, the present study
aims at: (1) assessing total dietary water intakes (from foods and beverages) amongst 4-13-year-old
children in Lebanon, in comparison with the IOM and EFSA recommendations by gender and age
(4-8 years and 9-13 years); (2) investigating the association of water intakes from various sources with
demographic, socioeconomic, anthropometric, and physical activity characteristics; (3) estimating EI
from beverage and food sources and determining the water per calorie ratio (L /1000 kcal), in relation
to desirable values by gender and age; and (4) comparing water intake data presented in this study to
those reported from other countries, on the same age group.

2. Methods

2.1. Study Population and Sampling Framework

Data for this study were drawn from a national cross-sectional study conducted among a
representative sample of children (4-18 years) and their mothers in Lebanon. A stratified cluster
sampling strategy was followed, whereby the strata were the six Lebanese governorates and the
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clusters were selected further at the level of districts. Each district was divided into clusters comprised
of 100-150 households. Households constituted the primary sampling unit within this national study.
Within the cluster, households were selected by systematic sampling, based on probability proportional
to size technique using the Lebanese Central Administration of Statistics as a reference [23]. For a
household to be eligible, children and their mothers had to be present at the time of the interview.
Inclusion criteria for children included: (1) Lebanese nationality; (2) child’s age between 4 and 18 years;
(2) not suffering from any chronic disease; and (3) not taking any medications that may interfere with
his/her dietary intake or body weight. Of the 4076 households that were contacted, 3147 accepted
to participate in the study (response rate = 77%). Of these, 3147 households, 1221 met the eligibility
criteria and 1209 completed the study. The main reasons for refusing to participate in the study were
time constraints and lack of interest.

For the purpose of the present study, data for children aged 4-13 years were considered (1 = 752).
Since the evaluation of the TWI amongst 4-13-year-old children and the identification of the proportion
of children meeting (or failing to meet) the water intake recommendations were among the main
objectives of the national study, sample size calculations were conducted as follows: a minimum
of 638 participants were needed to provide 95% confidence interval to estimate a prevalence of water
adequacy of 30% with £3.5% variation in this age group. The estimate of children with adequate water
intake levels (30%) for the 4-13