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ABSTRACT

ABSTRACT:

Water plays a crucial role for well-being, life and health and its consumption remains fundamental
for all human tissues to work properly. Assessing total fluid and different types of beverages
intake on general population is a real challenge in nutritional epidemiology, but is also fairly a
new focus of scientific attention, being the information about it scarce, limited and controversial.
One of the aims of the present doctoral thesis is to design and validate a fluid-specific
questionnaire for Spanish individuals within the PREDIMED-PLUS (PREvencién con Dleta
MEDiterranea)-PLUS clinical trial. Further, due to the scarcity about fluid intake data at
population level, the consumption of different types of beverages and the total daily fluid intake
in adults from Spain and other 12 countries worldwide was assessed. Furthermore, the
percentage of population complying with the European Food Safety Agency (EFSA) total water
and World Health Organization (WHO) free-sugar recommendations was also analyzed. We
described for the first time that approximately 50% of population did not complied with EFSA
adequate intake and 44.5% exceeded the WHO energy intake provided by free sugar
recommendations, solely by fluids. The beverage pattern and habits of Spanish adult individuals
was assessed depending of its level of Mediterranean Diet (MedDiet) adherence and physical
activity, recognized variables conditioning health and disease. For the first time, we show that
healthy individuals with high scores for MedDiet adherence and physical exercise practice
presented the healthiest beverage pattern, with a high consumption of water. Finally, longitudinal
and cross-sectional epidemiological studies have suggested some negative associations between
healthy diet, including a healthy beverage profile, and Metabolic Syndrome (MetS). However, the
effect of sugar- and artificially sweetened beverages and bottled and natural fruit juices on the
risk of MetS in a Mediterranean population at high cardiovascular risk had never been
investigated before. The results of the present thesis showed that when prospectively examined
1868 participants free of MetS at baseline from the PREDIMED study (during a median of 3.24
years), the consumption of >5 servings per week of different types of sweetened beverages was

associated with higher incidence of MetS and some of its components.
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In conclusion, the results from the present thesis support the importance of assessing fluid intake
and its pattern, and to have a validated tool specifically designed for the evaluation of fluid
sources. Besides, the present work provided further evidence of the positive relationship between
the frequent consumption of some sweetened beverages and the risk of MetS and its components

in a Mediterranean population at high cardiovascular risk.

RESUM:

L'aigua té un paper crucial pel benestar, la vida i la salut, sent també fonamental per a que tots els
teixits humans funcionin correctament. El coneixement sobre el consum de liquids i de diferents
tipus de begudes a nivell poblacional és un veritable repte en I'epidemiologia nutricional, donat
que la informacié que tenim sobre el consum dels diferents liquids és escassa, limitada i
controvertida.

Un dels objectius de la present tesi doctoral va ser el de dissenyar i validar un qliestionari especific
per I'avaluacié de consum de liquids per part de la poblacié Espanyola dins del marc de I'assaig
clinic PREDIMED-PLUS (PREvencién con Dleta MEDiterranea)-PLUS. D’altra banda, a causa de la
manca d'informacié que existeix sobre la ingesta de liquids per part de la poblacié general
teoricament sana, també es va avaluar el consum de diferents tipus de begudes i la ingesta diaria
de liquids en adults d’Espanyaide 12 altres paisos d’arreu del mén. Es va analitzar el percentatge
d’individus que cobrien les recomanacions d’ingesta total d'aigua segons la Agencia Europea de
Seguretat Alimentaria (AESA), aixi com de sucres senzills segons la Organitzacié6 Mundial de la
Salut (OMS). Es va descriure per primera vegada que al voltant del 50% de la poblacié no cobria
les recomanacions d’ingestes adequades de ’AESA, i el 44,5% superava les recomanacions de la
OMS en relaci6 al consum d'energia proporcionat pels sucres senzills, només a través de liquids.
A més a més, es va avaluar el patré i els habits de consum de fluids dels adults espanyols en funcid
del seu nivell d'adheréncia a la dieta mediterrania i a 'activitat fisica, variables reconegudes com
condicionants de la salut i la malaltia. Per primera vegada, s'ha descrit que els individus sans que
presenten puntuacions més altes d’adheréncia a la dieta Mediterrania i a la practica d'exercici
fisic, tenen un patré de consum de begudes més saludable, amb un superior consum d'aigua.

Finalment, els estudis epidemioldgics longitudinals i transversals han suggerit associacions
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negatives entre la adherencia a una dieta saludable, incloent un patr6é de ingesta de liquids
saludable, i 1a sindrome metabolica. No obstant, I'efecte de les begudes ensucrades o edulcorades,
aixi com dels sucs de fruites envasats i naturals sobre el risc de sindrome metabolica en una
poblacié mediterrania d'alt risc cardiovascular no ha estat investigat amb anterioritat. Els
resultats d'aquest treball demostren que després d'examinar de manera prospectiva 1868
participants lliures de sindrome metabolica a I'inici de 1'estudi PREDIMED durant 3,24 anys, el
consum de més de 5 porcions per setmana de diferents tipus de begudes es va associar amb una
major incidéncia de sindrome metabolica i alguns dels seus components.

En conclusid, els resultats de la present tesi doctoral avalen la importancia de 1'avaluacié de la
ingesta de liquids i el seu patr6 de consum, aixi com de la necessitat de disposar d’'una eina
especificament dissenyada i validada per aquest analisi. D'altra banda, el present treball
proporciona una prova més de la relaci6 positiva que existeix entre el consum freqiient d'algunes
begudes endolcides i el risc de sindrome metabolica i seus components en una poblacié

mediterrania d'alt risc cardiovascular.

RESUMEN:

El agua tiene un papel crucial para el bienestar, la vida y la salud, siendo también fundamental
para que todos los tejidos humanos funcionen correctamente. El conocimiento sobre el consumo
de liquidos y de diferentes tipos de bebidas a nivel poblacional es un verdadero reto de la
epidemiologia nutricional, no obstante también representa un enfoque nuevo, siendo la
informacién sobre él escasa, limitada y controvertida.

Uno de los objetivos de la presente tesis doctoral fue disefiar y validar un cuestionario especifico
para la evaluacién del consumo de liquidos por parte de la poblacién Espafiola dentro del marco
del ensayo clinico PREDIMED-PLUS (Prevenciéon con Dieta Mediterranea)-PLUS. Debido a la
escasez de informacién sobre la ingesta de liquidos en poblacién general teéricamente sana,
también se evalud la ingesta diaria de liquidos y de los diferentes tipos de bebidas en adultos
Espafioles y de otros 12 paises de diferentes partes del mundo. Seguidamente, se analiz6 el
porcentaje de individuos que cumplian con las recomendaciones de ingesta total de agua de la

Agencia Europea de Seguridad Alimentaria (AESA), asi como de azlcares simples segin la



UNIVERSITAT ROVIRA I VIRGILIT
ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH
Cintia Sofia Ferreira Pé&go

Abstract

Organizacion Mundial de la Salud (OMS). Se describid por primera vez que aproximadamente el
50% de la poblacidn no cumplia con las recomendaciones de ingestas adecuadas de la AESA, y el
44,5% superaba las recomendaciones de la OMS en relacion al consumo de energia proporcionada
por azucares simples aportada Unicamente a través de fluidos. Ademas, se evalud el patrén y los
habitos de consumo de liquidos de adultos espafioles en funcion de su nivel de adherencia a la
dieta Mediterranea y el patron de actividad fisica, variables reconocidas como importantes
condicionantes de salud y enfermedad. Por primera vez, se ha descrito que los individuos sanos
que presentan puntuaciones mas altas de adherencia a la dieta Mediterranea y de practica de
ejercicio fisico presentan un patréon de consumo de liquidos mas saludable, consumiendo mas
agua. Finalmente, los estudios epidemioldgicos longitudinales y transversales han sugerido
algunas asociaciones negativas entre el consumo de una dieta, incluyendo el consumo de liquidos,
saludable y el sindrome metabélico. Sin embargo, la asociacidn entre el consumo de bebidas
azucaradas o edulcoradas, asi como de zumos de frutas embotellados y naturales, y el riesgo de
esta patologia en una poblacion mediterranea de alto riesgo cardiovascular no ha sido investigado
con anterioridad. Los resultados de este trabajo demuestran que después de examinar de forma
prospectiva 1868 participantes libre de sindrome metabélico al inicio del estudio PREDIMED
durante 3,24 afios, el consumo de mas de 5 porciones por semana de algunas bebidas se asocid
con una mayor incidencia de sindrome metabdlico y algunos de sus componentes.

En conclusién, los resultados de la presente tesis doctoral avalan la importancia de la evaluacién
de laingesta de liquidos y el patrén de bebidas consumidas, asi como de la necesidad de disponer
de una herramienta especificamente disefiada y validada para tal efecto. Por otra parte, el
presente trabajo proporciona una prueba mas de la relacién positiva que existe entre el consumo
frecuente de algunas bebidas endulzadas y el riesgo de sindrome metabdlico y sus componentes

en una poblacién mediterranea de alto riesgo cardiovascular.
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1. INTRODUCTION

1.1. Water balance

Water plays a crucial role for well-being, life and health, remaining also fundamental for all human
tissues to work properly 12. Water is involved in many body functions, such as homeostasis that
is essential for hydro-electrolytic, acid-base and thermal balances, and for transportation of
nutrients to the cells and excretion of wastes from the cells 3. It is also involved in other metabolic
and plastic processes *°. Furthermore, water maintains the vascular volume and allows blood
circulation, which is essential for the function of all organs and tissues of the body ¢. Furthermore,
it is essential for the physiological processes of digestion and absorption, to the structure and
function of the circulatory system and has direct action in maintaining body temperature 7.

Total body water is the principal chemical constituent of the human body, since comprises from
75% of body weight in infants to 55% in the elderly 8. For an average young adult male, total body
water represents between 50 and 70% of body weight °. Body fluids containing the largest
amount of water are the cerebrospinal fluid and bone marrow fluid (99%), blood plasma (85%)
and brain (75%) 5. Total body water is distributed into intracellular fluid and extracellular fluid
compartments, which can contain between 34-65% and 26-35% of total body water, respectively
510, However, these volumes may not be static because they represent the net effects of a dynamic
exchange 11. The extracellular fluid compartment is further divided into interstitial liquid, plasma,
trans-cellular water and lymphatic liquids.

Variability in total body water is primarily due to differences in body composition, because the
amount of water in lean mass (approx. 73%) and in fat mass (approx. 10%) are considerable
different 12. The fact that adult women tend to have lower body lean mass and consequently lower
proportion of body water, might explain why water requirements are lower compared to men.
Differences in total body water can also be attributable to variations in other modifiable and non-
modifiable factors, such as physical activity practice, age, gender, environmental temperature,
kidney function, drugs and alcohol consumption 710. Maintaining a constant water and mineral

balance requires the coordination of sensitive detectors at different sites in the body linked by
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neural pathways with integrative centers in the brain that process this information 13. Most of the
components of fluid balance are controlled by homeostatic mechanisms responding to the state
of body water. These mechanisms are sensitive and precise, and are activated with deficits or
excesses of only a few hundred milliliters of water 13,

According to the European Food Safety Agency (EFSA), the recommended daily intake of water is
the minimum amount required to balance the loss of fluids in the human body 4. This amount of
water would cover the needs related with water losses, such as respiratory, urinary, fecal, sweat
and other insensible losses 510, Environmental temperature can also affect these losses, for
example exposure to heat and stress may increases it 15. As environmental temperature increases,
dry heat loss (by conduction, convection, and radiation) diminishes and is replaced by heat gain,
under these circumstances evaporation of sweat is the only available heat loss mechanism and
sweat rate increases markedly. In addition, to air temperature, other environmental factors also
modify sweat loss, including relative humidity, air motion, solar load and choice of clothing for
protection against environmental elements. Evaporation of sweat is facilitated by air movement
and low humidity, keeping conditions comfortable even at high ambient temperatures. However,
when humidity is high, sweat runs useless from the skin and soaks clothing, causing discomfort,
potential skin disorders, and depleting fluid reserves. Therefore, it is expected that water loss,
and water needs, will vary considerably among individuals based on changing extraneous
influences. For example, a modest daily exercise sweat loss will increase obligatory daily water
requirements even if all the other factors remain constant 19, because physical work increases
heat production in the body. An adequate level of hydration is essential to dissipate this heat, with
the blood plasma acting both to transport heat to the body surface and as the source of the fluid
lost in sweating 2. Other insensible water loss, like the evaporation of water from the skin and
lungs, may also be affected by factors such as environmental conditions and physical activity.
Insensible water loss from faeces depends on the amount of water in stools and is greatly
increased in cases of diarrhoea. Loss of water in urine normally makes up the largest part of
overall water loss and is controlled by the kidneys. The kidneys play a central role in maintaining
the balance of water in the body, and also the balance of solutes (sodium, bicarbonate, potassium

and chloride) in body fluids 6. The kidneys are able to conserve water when fluid intake is
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restricted and to excrete the excess of water when fluid intake is high. However, although the
body can minimize water loss by reducing urine excretion, there is an upper limit to the urine
concentration that can be achieved, which means that some loss of water as urine, in addition to
insensible water losses, is inevitable 17,

Body water contribution is provided from three major sources: intake of water from liquid, intake
of water from food and body produced water 18. Besides exogenous water from food and fluids
there is a small amount of water produced by the body that may reach approximately 350mL/
day, in response to the introduction of nutritive principles. Metabolic water results from the
macronutrients oxidation into water and carbon dioxide. For example, oxidation of 100g of lipids,
100g of carbohydrates or 100g proteins produces about 107mL, 60mL or 40mL of water,
respectively. Since endogenous water is not enough to counterbalance the water losses,
exogenous water from food and beverages is a necessary nutrient.

Failure to replace fluid losses or even a body water reduction of 2% can decreases plasma volume,
alters thermoregulation, impair cognitive functions, alertness and capacity for exercise. This can
compromises the ability of the circulatory system to maintain sufficient blood flow to the different
body tissues, leading to muscle fatigue, increasing body temperature and the possibility of
collapse because blood supply to the brain falters. Subclinical levels of dehydration and core
temperature elevation have been shown to affect physical performance and coordination and to
impair cognitive function, both potentially contributing to an increase in workplace injuries 2. A
dehydration of 10% may even cause death >.

Healthy humans regulate daily body water balance with precision despite highly variable
stressors on hydration status. So long as food and fluid are readily available, hydration is
accomplished by eloquent physiological and behavioral adaptations 10. Without water, humans

may survive only for some days 1°.

1.2. Water needs

Despite the well-established importance of water in human body, drinking water is often

forgotten in dietary recommendations, and the importance of adequate hydration is not usually
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mentioned. Therefore, health professionals and dietitians are sometimes confused and they
question the necessity of drinking water regularly: how much should we drink? How to know
whether patients are well hydrated or not?

Water requirements are not based on a minimal intake because it might lead to a water deficit
due to the numerous factors modifying water needs. Instead, water needs are based on
experimentally derived intake levels that are expected to meet nutritional adequacy for members
of a healthy population 1018, Daily water intake comes from both different types of drink and food.
However, nowadays there is not a specific and individualized value for water consumption that
can be recommended in order to ensure hydration and optimal health 20. At present, it is thought
that food provides approximately 20% of the daily water needs and drinks the remaining 80% 1.
This relationship is not constant and depends on the choice of the type of beverages and foods 1.
Thus, for example the proportion of fruits or vegetables 19 milk or yogurt included in diet provide
more amount of water than fast food. Likewise, given healthy individuals have the mechanisms to
remove the excess of water and maintain its balance, it has not been established a tolerable
maximum level for water intake 21.

1.2.1. Water from foods

Water content is about 10-15% in dry foods (flours, uncooked pasta, dry pulses, etc.) and
approximately 90% in fruits and vegetables, but it also depends on the cooking method. Food may
provide between 500 and 900mL of daily water 5, which is not sufficient to keep an adult
individual well hydrated. In addition, besides to provide water by themselves, as explained before,
foods may also stimulate drinking. Some studies have found that 75% of fluid intake occurs during
the mealtimes, and may facilitate chewing and swallowing of food, enhance palatability and
reduce the effect of irritants 22,

1.2.2. Water from fluids

The human body cannot produce enough water by metabolism or obtain enough water by food
ingestion to fulfil its needs, as observed previously. Consequently, we have to pay attention on
how much we drink throughout the day in order to meet our daily water requirements and to

avoid, negative effects on health. Although drinking water satisfy all hydration requirements,
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most people usually drink a variety of beverages. All beverages supply water in different
concentrations, and some also provide nutrients that are beneficial for health 17. Therefore, daily
fluid intake comes essentially from drinking water and other liquids with a high water content
(85 to >90%).

Humans may drink for various reasons, particularly for hedonic ones, but drinking is most often
due to water deficiency that triggers the so-called regulatory or physiological thirst 1°. Thirst plays
an important role in the day-to-day control of water intake in healthy people living in temperate
climates 13. However, in these regions, people consume liquids not only to quench thirst, but also
for pure pleasure, like for example soups, milk, tea or coffee. A common example is alcohol
consumption, which can increase individual pleasure and stimulate social interaction 13. Drinks
are also consumed for their energy content and in warm weather for cooling and in cold weather
for warming, as soft drinks, milk or tea and coffee 13. This bias in the way human being rehydrate
themselves, may be advantageous because it allows water loss to be replaced before thirst-
producing dehydration takes place. Unfortunately, these behaviors also carries some
disadvantages. Drinking fluids other than water might contribute to an increased energy intake
without nutritional component, or regarding alcohol consumption, in some people, may
insidiously bring about dependence 13. These are some of the reasons why EFSA recommends that
water should be the main beverage consumed 23.

1.2.3. Water recommendations

The recommendations for total water, including water contained in food, beverages and drinking
water, described by the Food and Nutrition Board of the Institute of Medicine (IOM) were set to
3.7L/day and 2.7L/ day for men and women, respectively. These recommendations may be
increased by 0.3L/day in pregnancy and 1.1L/day during lactation. The EFSA set the daily
adequate intakes (Als) for water intake for Europeans at 2.5 liters for men and 2.0 liters for
women over 14 years of age, from both food and drink 24 These recommendations need to be
increased by 300ml/day and 700ml/day for pregnant and lactating women, respectively. Further,

some authors, also defends that the water needs are related to body weight and caloric intake,
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and for this reason they recommend a water consumption of 30-35ml/ kg of body weight or 1-
1.5ml/ Kcal, respectively 21,2526,

If only drinks are considered, the EFSA set the daily Al recommendations for water intake for
Europeans at 2.0 liters/day for men and 1.6 liters/day for women 24 These recommendations
need to be increased by 300ml/day and 700ml/day for pregnant and lactating women,

respectively.

1.3. Methods of water intake assessment

Since water is undoubtedly the most important nutrient and its absence will prove lethal
consequences within a few days 13, it is essential to dispose of sensitive tool to better assess the
consumption of different types of beverages 1°. Nowadays, estimating the total fluid intake and
the real beverage pattern of a population can be considered as a real challenge in nutritional
epidemiology. However, the measurement of total water consumption in free-living individuals is
a fairly new focus 1°. The associations between hydration, drinking water or beverages intake and
health or disease has recently been introduced as an important area of research 27.28,

Information regarding water balance in various population groups is limited. One reason may be
that the methodology available for the direct measurement of water intake and loss is rather
complicated and therefore not easily applicable in large number of volunteers 2°. The other reason
might be the differences in the indirect methodology used. To evaluate total fluid intake (set of
drinking water and several beverages categories) it is common to use a food frequency
questionnaire (FFQ), multiple-day food record or 24-hour recall 3031, However, these
questionnaires were designed mainly to evaluate food intake, and not fluid consumption as a
whole. Most food records or dietary recalls do not evaluate the consumption of drinking water,
because it does not provide calories, and also because fluids are often consumed outside
mealtimes and are not perceived or considered as a food. Then, this tends to underestimate fluid
intake, both by the individual and the interviewer [18-21]. Food diaries and dietary records that
are commonly used to assess intake (food and sometimes fluids) are resource-intensive, time-

consuming, burdensome for participants, provide only recent intake data, and are not always
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feasible in large-scale studies 3233. Therefore, it may be difficult to determine habitual intake
pattern, as well as changes in food or beverage consumption with these dietary assessment
methods 34

The beverages intake assessment during the last years had been focused mostly in caloric drinks
and some specific types of beverages 3435, but not in the fluid intake as a whole. Nowadays, there
is no rapid and efficient method for determining habitual beverages intake in adults, including
quantities, frequency of consumption and moment of the day when these are occurred.

In 2009, Neuhouser and coworkers developed a questionnaire to assess the consumption of
snacks and beverages, mainly sweetened beverages, in young adolescents 3¢. The particular
concern was easily assess the consumption of sugar-sweetened beverages (SSBs), salty snacks
and sweets. The participants filled the self-reported beverage questionnaire and also a 4-day
dietary record, for validation proposes. In 2010, Hedrick and coworkers published a
questionnaire designed to assess the consumption of 19 different types of beverages in the
American population 37, but once again was mainly focused in energy intake. The same authors,
two years after, reduced the previous 19-item questionnaire to one with only 15-items. However
the objective was mainly the same: evaluate the intake of SSBs, other energy-containing
beverages and total energy from beverages 34. In same year of 2012, Malisova and colleagues
developed a “water balance questionnaire”, designed to evaluate drinking water and also water
intake from other beverages, but also from solids sources 2°.

The available questionnaires mentioned above were designed in order to measure beverage
intake in children and adolescents, and most in fact, do not exclusively measure beverage intake
or water from fluids.

To the best of our knowledge, there is no standardized and validated questionnaire, in Spanish
language and designed for Spanish adult or elderly population, developed as a research tool for
the specific assessment of beverage intake and water only from fluids. A brief, valid and reliable
beverages intake assessment tool could greatly enhance nutrition research targeting habitual

beverage intake patterns.
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1.4. Hydration in health

During the past decade, considerable public attention has been focused on the importance of
adequate hydration on health. However, the habitual recommended daily water consumption rate
has still unclear scientific basis 1938, This might be due, as explained above in the present thesis,
to the lack of suitable tools for assessment of hydration status, the effects of hydration on other
aspects of day-to-day health and well-being.

A normal hydration status is the condition of healthy individuals to maintain their water balance
18, Water is vital for survival, and there is currently great interest in the benefits of good hydration
for people to function well, and to look and feel good. However, messages surrounding hydration
have become increasingly confused. Some sources suggest drinking liters of plain water on top of
other fluids, while stories of consumers dying as a result of consuming too much water may leave
many in doubt about how to achieve a healthy level of hydration 7.

There is currently no consensus on a “gold standard” for hydration markers, particularly for mild
dehydration. As a consequence, the effects of mild dehydration on the development of several
disorders and diseases have not been well documented 13. With regard to physiology, the role of
water in health is generally characterized in terms of deviations from an ideal hydrated state,
generally in comparison to dehydration. In general, provision of water is beneficial in individuals
with a water deficit, but little research supports the notion that additional water in adequately
hydrated individuals confers any benefit 1°. Therefore, the effects of body water and water balance
on health published in the scientific evidence have been focused on dehydration more than on
hydration by itself.

1.4.1. Physical performance

Decrements in the physical performance of athletes have been observed even under lower levels
of 2% of hydration 3°. Individuals engaging in rigorous physical activity suffering relatively mild
levels of dehydration, will experience decrements in performance related to reduced endurance,
increased fatigue, altered thermoregulatory capability, reduced motivation, and increased
perceived effort 4041, Exercise in hot conditions with inadequate fluid replacement is associated

with hyperthermia, reduced stroke volume and cardiac output, decreases in blood pressure, and
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reduced blood flow to muscle #2. A good rehydration can reverse some of these deficits and reduce
the oxidative stress induced by exercise and dehydration 43.

1.4.2. Neural system and cognition

Hydration or its shortage may influence also neural system and cognition. Mild levels of
dehydration might produce disruptions in mood and cognitive functioning. Further, an important
evidence body showed that moderate dehydration might also produce alterations in a number of
important aspects of cognitive function such as concentration, alertness, and short-term memory
in children 644, young adults 45-48 and older adults 4°. Some authors, designed a test asking to
subjects moderate dehydrated to identify the colour of an object, and increased reaction time was
registered 4546, However, the number of correct answers was unchanged. As occurred with
physical functioning, mild-to-moderate levels of dehydration might impair performance on tasks
such as short-term memory, perceptual discrimination, arithmetic ability, vasomotor tracking,
and psychomotor skills 45-48. The same authors also reported a consistent and significant effect of
mild dehydration on elevations of subjective mood score, including fatigue, confusion, anger and
vigour. Significant and progressive decreases in concentration and coordination have been
observed in healthy young males presenting between 2 and 3% of body weight loss of
dehydration caused by exercise and heat exposure 50. However, it is important to highlight that
these experiments were conducted in young, fit and apparently healthy adults, and then it is
warned further confirmation in other populations. Dehydration was also described as a risk factor
for delirium, and for delirium presenting as dementia in elderly or sick individuals 51-53. Elderly
have been reported as having reduced thirst, consequently a reduced fluid intake and hypodipsia
compared with younger individuals. In addition, in elderly fluid intake and maintenance of water
balance can be complicated by factors such as disease, dementia, incontinence, renal insufficiency,
restricted mobility, and drug side effects. Thus, elderly is considered as a risk population for
dehydration. In summary, hydration status consistently affected self-reported alertness, but
effects on cognition were less consistent. Additionally, relatively little is known about the
mechanism of mild dehydration’s effect on mental performance. It has been proposed that mild

dehydration acts as a physiological stressor that competes with and draws attention from
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cognitive processes 54 However, research on this hypothesis is limited and merits further
exploration. Water deprivation can also lead to the development of another problem related with
neural system: headache 55. Although this relation is largely unexplored in the scientific literature,
some observational studies indicate that water deprivation, in addition to impairing
concentration and increasing irritability as noted above, can serve as a trigger for migraine and
can also prolong it 5657, It was proposed that water deprivation-induced headache is the result of
intracranial dehydration and total plasma volume decreased 1°. In this way, a published study
reported that the ingestion of water relieved headache in most individuals within 30min to 3h 57.
Recently, another study examined the increased intake of water and its relation with headache
symptoms 58. In this randomized trial, patients with a history of different types of headache,
including migraine and tension headache, were assigned either to a placebo or to the group that
should increases water intake. As result, water intake did not affect the number of headache
episodes, but it was modestly associated with reduction on intensity and duration of the disease.
The authors concluded that although provision of water may be useful in relieving dehydration-
related headache, the utility of increasing water intake for prevention is yet not well documented.

1.4.3. Gastrointestinal system

Some problems in gastrointestinal function are other negative effects that might be associated
with dehydration. Constipation, characterized by slow gastrointestinal transit, small and hard
stools and difficulty in passing it, has different causes such as medication use, inadequate fiber
intake, poor and unhealthy diet, illness and even dehydration 5°. Inadequate fluid consumption is
touted as a common culprit in constipation, and increasing fluid intake is frequently
recommended as a treatment. Evidence suggests, however, that increasing fluids is more useful
to individuals in a hypohydrated state, and more studies are needed to know the influence in
euhydrated individuals 5°. In euhydrated children, a 50% increase in fluid intake had no effect on
stool frequency or consistency ©. In elderly, low fluid intake is a predictor for increased levels of
acute constipation 6061, with those consuming the least amount of fluid having over twice the
frequency of constipation episodes than those presenting a higher total fluid intake 1°. In

developing countries, another gastrointestinal problem related with hydration or dehydration is
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diarrheal diseases. This health problem is resulting in approximately between 1.5 and 2.5 million
deaths per year 62. Diarrheal illness results not only in a reduction in body water, but also in
potentially lethal electrolyte imbalances. Mortality in such cases may be prevented with
appropriate oral rehydration therapy. Many authors consider application of oral rehydration
therapy to be one of the significant public health development of the last century ©3.

1.4.4. Urinary system

As noted above in the present thesis, kidneys are crucial in regulating water balance. To do this,
the kidneys require water for the filtration of waste from the blood-stream and for its excretion
via urine. However, a minimum urine volume is mandatory to remove the solute load with a
maximum output volume ¢4 Under normal conditions, in an average adult, urine volume would
be sufficient to clear a solute load. In cases of water restriction, the kidneys are not able to excrete
waste and they may overloaded the kidney’s maximum output rate, leading to a hyponatremic
state or renal dysfunction. However, the effect of hydration or dehydration on kidneys health still
remains controversial and more longitudinal studies are needed.

1.4.5. Circulatory system

Heart function and hemodynamic response are also related with water status. Blood volume,
blood pressure, and heart rate are closely linked between them. Blood volume is normally tightly
regulated by matching water intake and output. In healthy individuals, slight changes in heart rate
produces a vasoconstriction to balance the effect of normal fluctuations in blood volume and
blood pressure 65. Decreases in blood volume might occur through loss or donation of blood and/
or changes in body water like for example in cases of exercise sweating. Hypotension can be
mediated by drinking water 6667, because water intake acutely reduces heart rate and increases
blood pressure in both normotensive and hypertensive individuals 6. Water ingestion is also
beneficial in preventing vasovagal reaction with brief loss of consciousness in blood donors at
high risk for post-donation syncope ¢°.

In summary, there is strong evidence showing that good hydration reduces the risk of urolithiasis
and other kidneys diseases related with water balance. However, less strong evidence links good

hydration with reduced incidence of constipation, exercise asthma, hypertonic dehydration in the
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infant, and hyperglycemia in diabetic ketoacidosis. Good hydration was associated with a
reduction in urinary tract infections, hypertension, fatal coronary heart diseases (CHD), venous
thromboembolism, and cerebral infarct, but all these effects need to be confirmed by clinical trials.
For other conditions such as bladder or colon cancer, evidence of a preventive effect of
maintaining good hydration is not consistent 1370, However, in order to avoid these problems it is

important and convenient to schedule appropriate times to drink water.

1.5. Types of beverages consumption and health

Many foods and all beverages contribute to meet recommended dietary water intake of
population and therefore to achieve an optimal hydration status. However, choosing which
beverages to consume, it is also important to consider, besides the pleasure sensation, the other
health effects, positive and negative, these may have. Some beverages can supply nutrients and
plant bioactives, however the content of sugar and energy present in some types of drinks should
be also considered.

1.5.1. Water

Drinking plain water, such as tap or bottled water, had the advantage of fulfilling hydration
requirements without providing additional energy or adversely affecting health 1771, Water
cannot be accumulate in the body; therefore, it must be ingested several times during the day. For
this reason, the Dietary Guidelines for Americans published in 2015 encouraging individuals to
drink more plain water 72. Previously, in 2010, the same organization had recommended
sweetened beverages to be “replaced with water and unsweetened beverages” as a way to reduce
added sugar consumption 73. Plain water intake has been linked to reduced energy-consumption
and improved body weight management 74-76. Water is the beverage by excellence and represents
the ideal way of restoring the losses and get hydrated 7.

Water can be regarded both as well an essential nutrient for hydration as a food because it
contains several nutrients. Depending on its chemical composition, on the source and the amount
consumed, drinking water may provide calcium, magnesium and sodium being a significant

source of minerals, although is not its primary source in the diet 177778, [t is recognized that the
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main source of minerals is food. However some types of water can be an important source of them,
contributing to meet its daily recommendations. In this sense, some authors have suggested that
the consumption of water with medium-high concentrations of magnesium and calcium and low
concentrations of sodium may help to cover the daily recommendations of minerals, and
consequently improve some aspects of health 79.

Regarding cardiovascular disease (CVD), it is known that magnesium uses cardiomyocytes to
regulate the flow of cations through the calcium and potassium channels. It is also required to
maintain normal cardiac electrophysiology 80. Abnormally low levels of circulating magnesium is
a well-known risk factor for cardiac arrest 81. It is currently thought that the effect of magnesium
in the prevention of CVD may be partly mediated through inflammation. An increase in
extracellular magnesium concentrations can reduce inflammatory response, while a decrease can
activate phagocytes and endothelial cells. It is also thought that the inflammation caused by
magnesium deficiency may be the mechanism that induces hypertriglyceridemia and pro-
atherogenic changes in the lipoprotein profile 82-84, The consumption of magnesium has been
inversely associated with markers of systemic inflammation and endothelial dysfunction in the
general population 8 and post-menopausal women 8¢, Likewise, endothelial cells make an active
contribution to inflammation in states of magnesium deficiency. At the physiological level,
magnesium is regarded as a calcium blocker, so it reduces the release of calcium from and to the
sarcoplasmic reticulum, and protects the cells against calcium overload during ischaemia 87-89,
Magnesium reduces systemic and pulmonary vascular resistance, with the resulting decrease in
arterial pressure and a slight increase in the cardiac index 99-92. Any increase in the levels of
extracellular magnesium reduces arterial tone, and increases the endogenous dilation
(adenosine, potassium and some prostaglandins) and exogenous dilation (isoproterenol and
nitroprusside) of some vasodilators 87899394 As a result, magnesium slightly reduces systolic and
diastolic arterial pressure %5. The relationship between the intake of both magnesium and calcium
from strongly mineralized waters and the effects of these minerals on various aspects of health is
controversial. Previous studies suggest an inverse relationship between the intake of magnesium
and calcium from drinking water and levels of arterial pressure 96-98. Since then, according to a

recent review by Sengupta, most large-scale studies have reported an inverse relation between
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the hardness of water and CVD, particularly in relation to the content of magnesium and calcium
in drinking water 29-101, However, other studies have not observed this relation 192103, making
clear that more large-scale and longer-lasting epidemiological studies are required to determine
how the consumption of mineral water and its components (mainly calcium and magnesium)
affects cardiovascular health.

Cerebrovascular mortality is also another of the main causes of death in developed countries.
Some epidemiological studies have shown that calcium from the diet (not taking into account the
calcium from mineral water) is inversely associated with levels of arterial tension. The lack of
magnesium leads to a decrease in the intracellular concentration of potassium and an increase in
calcium levels. It can also increase the contractility of blood vessels. Magnesium causes
vasodilation by stimulating the release of endothelial prostacyclin and, in vivo, it prevents the
vasoconstriction of intracranial vessels after experimental subarachnoid haemorrhage 101. These
results suggest that it is reasonable to expect that the intake of calcium in the diet may reduce the
risk of cerebrovascular events 194 Nevertheless, so far there have been no solid epidemiological
studies, or intervention studies, to confirm this relation between the consumption of water and
cerebrovascular mortality.

Cancer is one of the diseases that most concerns the general population. Some studies suggested
an inverse relation between the intake of calcium from the diet and the risk of colorectal cancer
105, However, very few studies have examined the relation between the consumption of certain
minerals from water or water by itself and the risk of different types of cancer. Therefore, to date,
the scientific evidence available is not sufficient to demonstrate a relationship between the intake
of calcium and/ or magnesium from mineral water and the risk of suffering from several types of
cancer.

Type 2 diabetes mellitus (T2DM) is one of the most extended disease worldwide, and it is known
that magnesium plays an important role in its physiopathology. Magnesium deficiency in cells can
decrease the insulin secretion through interaction with cell calcium homeostasis 1%, and
hypomagnesaemia is common in individuals diagnosed with T2DM 107-109 [n this regard,
important prospective epidemiological studies 84110111 have assessed the relation between the

intake of magnesium from the diet and the risk of developing T2DM. Although the relationship
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between magnesium consumption and diabetes seems to be quite clear, a sufficient number of
studies have not proved that there is a relationship between magnesium and/ or calcium from
natural mineral waters and the prevalence or incidence of T2DM or glucose metabolism 112-114,
To date, there is general consensus consuming large amounts of fluid can help prevent urinary
lithiasis because it decreases the concentrations of elements that might crystallize 115. However,
there is some controversy about the possible impact of the different qualities of natural mineral
water, including its hardness, on the risk of renal calculi 116, due to the fact that some authors has
been demonstrated no association between the hardness of water, its composition and calcium
content, and the formation of urinary calculi 116-119, Some studies suggest that the consumption of
weakly or very weakly mineralized water may be more beneficial for the prevention of renal
lithiasis than the consumption of strongly mineralized water, since calcium it is associated with a
lower risk of recurrence calculi 20118, However, to reduce the risk of the recurring formation of
calcium calculi, the European Association of Urology recommends an adequate consumption of
calcium and only recommends restriction for important individual health reasons and always
following specialist medical advice 15. The formation of renal calculi is a complex process that has
not been fully clarified, and factors such as diet, physical activity, environmental conditions,
medicines, supplements and underlying diseases can be important factors 116, A very recent
critical review evaluated the effect of hydration on another urinary parameter: chronic kidney
disease (CKD) progression 120, By reducing vasopressin secretion, increasing water intake may
have beneficial effect on renal function in patients at risk and in those that present whichever
CKD. This potential benefit may be greater when the kidney is still able to concentrate urine
because in contrast, high fluid intake is contraindicated in dialysis-dependent patients. In
conclusion, the authors found a positive association between increased water intake (or high
urine volume) and preservation of renal function.

Another issue that might be affected by water mineralization is mineral bone density. As it has
been pointed out previously, although food are the main source of minerals from the diet and
dairy products are the main source of calcium, calcium from natural mineral water can make a
valuable extra contribution to cover the recommendations particularly in adult and elderly

women who consume little calcium from all sources 121. Some authors concluded that daily
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calcium supplement through the consumption of calcium-rich natural mineral water can help to
reduce age-related bone loss 122,

Water consumption was also described to reduce meal energy intake among middle-age and older
adults, and increasing its consumption is widely recognized as a weight loss strategy in general
public, yet there is little data supporting this practice 123. In a study published in 2010 by Dennis
and collaborators, it was found that when combined with a hypocaloric diet, the consumption of
500mL of water prior to each meal leads to greater weight loss than a hypocaloric diet alone in
middle-age and elderly 123. Pan and coworkers also described that plain water was found to be
inversely associated with weight gain 124, Recently in august of 2016, has been published a cross-
sectional study including a nationally representative samples of adults (18-64 years) from the
NHANES cohort 125. The authors found a significant association between inadequate hydration
and elevated BMI and obesity, even after controlling for confounders. The authors stated that it is
possible that obese individuals are more likely to maintain poor hydration or are eating when
they are actually thirst, and for this reason, additional investigation and public health education
are warranted to examine the relationship between hydration and weight status.

In summary, in accordance with the existing literature on the consumption of calcium or
magnesium, or both, from drinking water, it is suggested that there is an inverse relationship with
the risk of colorectal cancer, gastric cancer, cerebrovascular and CVD, cardiovascular-cause
mortality, diabetes mellitus, nephrolithiasis and even bone diseases. However, the relation
between the consumption of drinking water rich in minerals and their effect on various aspects
of human health have not been sufficiently elucidated, so it is clear that more population-level
epidemiological studies need to be carried out on larger samples and for longer periods before

any recommendations can be made to the general population 121,122,126,

1.5.2. Hot beverages

Tea and coffee in its different versions are the most commonly consumed hot beverages in the

world, and mainly in Mediterranean countries.
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Black, oolong and green teas are all produced from the leaves of the plant Camellia sinnsis using
different processing methods. Black tea was found to be the most commonly consumed type of
tea in some countries, like United Kingdom 17. Black tea infusions contain small amounts of
potassium, magnesium, fluoride and phosphorus, and if consumed with milk provide a range of
additional nutrients in small amounts, including some calcium, complex B vitamins and energy.
Some types of tea also contains caffeine and a variety of polyphenolic compounds 127. Drinking tea
was associated with a decreased risk of CVD, and this may be because of its polyphenol content
128129 Tea has also been associated with reduced risk of cancer, dental caries and bone loss,
although the evidence for these associations is weaker than for CVD 128, Pancreatic cancer, which
is currently the fourth leading cause of cancer death in men and women, is an aggressive
malignancy characterized by poor prognosis and patient survival, with a 5-year survival rate of
less than 5% 130. A meta-analysis summarizing published case-control and cohort studies was
performed to evaluate the associations of green tea consumption with risk of pancreatic cancer
131 The authors concluded that cumulative evidence suggests that green tea is not associated with
pancreatic cancer, and that the results of lower risk associated with high consumption among
Chinese population previously published, were mainly derived from case-control studies, and so
further confirmation are warrant.

In contrast, there has been concern that some polyphenols (tannins) present in tea might inhibit
the bioavailability of non-haem iron, increasing the risk of sub-optimal iron status in at-risk
groups 17. A review of the scientific evidence available, suggested that those at risk of low iron
status should avoid drinking tea at mealtimes, while there is no need to restrict tea consumption
in those at no risk 132. However, a report on iron from the Scientific Advisory Committee on
Nutrition in 2010, found that in practice, consumption of tea appeared to have a little effect on
iron status in developed countries population, and concluded that polyphenols in tea, and other
potential inhibitors of iron absorption, were unlikely to be of importance in determining iron
status 133. [ftea is consumed with added sugar, this increases its energy content and may influence
the risk of some diseases, like overweight or obesity. Some types of teas and infusions provide
hydration without caffeine for those who wish to avoid it, and, if taken unsweetened, they do not

provide extra energy to diet, being a good and appetizing alternative to water. Due to few
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scientific evidence available regarding the consumption of tea and health, more epidemiological
and prospective studies are needed for confirm these conclusions.

Coffee is another of the most widely beverage consumed worldwide 134-136, mainly by the adult
population. Coffee is the primary dietary source of caffeine in many populations, but also contains
hundreds of other compounds, like some minerals (such as potassium, calcium and phosphorus),
and a considerable number of antioxidants, phenolic compounds (such as chlorogenic, caffeic,
ferulic, and cumaric acids) and milanoidins and diterpenes (such as cafestol and kahweol) 137. As
with tea, when consumed with milk, coffee provides small amounts of a range of additional
nutrients, like calcium 7. For this reason, the biological effects of coffee cannot be reduced to the
isolated effects of the caffeine that it contains 138, Due to the high prevalence of coffee
consumption and its popularity, even small effects on health could have a large impact on public
health.

Hypertension is a strong independent risk factor for stroke or CHD 138, Coffee consumption has
been associated with acute increases in blood pressure in caffeine-naive people, but exerts
negligible effects on the long-term levels of blood pressure in habitual coffee drinkers 139. The
acute effects of coffee are transient, and, with regular intake, tolerance develops due to the
hemodynamic and humoral effects of caffeine 140, A recent meta-analysis of ten randomized
controlled trials and five cohort studies assessed blood pressure and the incidence of
hypertension in coffee consumers 141. Non-significant mean changes in systolic blood pressure
and diastolic blood pressure were noted in coffee drinkers compared with the control group.
Evidence analyzed from this large study showed no clinically important effects of long-term coffee
consumption on blood pressure or risk of hypertension. Similar results were found in the Nurses’
Health Study with 1.4 million person-years of follow-up, demonstrated that daily intake of up to
6 cups of coffee was not associated with an increased risk of hypertension 142,

There was also described some associations involving boiled-unfiltered coffee consumption and
an increased risk of high cholesterol levels 143144, However, moderate consumption of coffee
prepared by other methods (instant or filter) does not appear to increase risk of CVD 17, showing
that these results might be related to the coffee brewing method 145146, Coffee contains

cholesterol-increasing compounds classified as diterpenes, including cafestol and hahweol 147.
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Importantly, the concentrations of these compounds depends on how coffee is prepared: boiled
coffee has higher concentrations (because diterpenes are extracted from the coffee beans by
prolonged contact with hot water) and in contrast brewed/ filtered coffee has lower levels
(because of the short contact with hot water) 138,

CVD and mortality appear to be the most described relation in the scientific literature, involving
coffee consumption. A systematic review and a dose-response meta-analysis of prospective
cohort studies from 2013, was performed to assess the relationship of long-term coffee
consumption and CVD risk. The authors found a nonlinear inverse association between a
moderate intake of coffee and CVD risk. The lowest CVD risk was described at 3 to 5 cups per day,
but heavy coffee consumption was not associated with elevated CVD risk 135. A very recent meta-
analysis, described that drinking coffee habitually (heavy and light) following an acute myocardial
infarction (AMI) was associated with a reduced risk of mortality 48. Furthermore, another
systematic review with meta-analysis performed in twenty prospective cohort studies, found that
coffee consumption was associated with a reduced risk of total death. Similar results were also
described regarding the intake of decaffeinated coffee, but the data was limited 134. Similar results
were found by Malerba and coworkers in 2013 in another meta-analysis, that, according to the
authors, provides quantitative evidence that coffee intake is inversely related to all cause and,
probably, CVD mortality 14°. In 2014, another meta-analysis confirmed these results, indicating
that coffee consumption (3-4 cups/day) is inversely associated with all-cause and CVD death, but
not with cancer mortality 136. A growing body of evidence has shown that habitual coffee
consumption is associated with a decreased risk of heart diseases 159, such as stroke 151, some
types of cancer 152-158 and T2DM 159, which are major causes of death nowadays.

The prevalence of T2DM increased from 153 million of people in 1980 to 347 million in 2008 169,
and is estimated to reach 366 million by the year 2030 161 Globally, 12% of the health
expenditures are estimated spent on diabetes in 2010 162, Furthermore, those with T2DM have
two to five times higher risk of AMI and two to three times higher risk of stroke 163. For this reason,
a meta-analysis was conducted in 2014 to assess the relation between coffee consumption and
this disease, and also for evaluating its possible dose-effect relationship 164 The authors

concluded that coffee and caffeine are significantly associated with reduced risk of T2DM
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incidence. Similar results were found by Ding and coworkers in another published systematic
review and a dose-response meta-analysis 165. The findings from this analysis, based on 1,109,272
study participants and 45,335 cases of T2DM, demonstrated that the consumption of both
caffeinated and decaffeinated coffee was found to be inversely associated with the risk of T2DM,
in a dose-response manner.

If the consumption of coffee was inversely related with some compounds of Metabolic Syndrome
(MetS) (impaired fasting glucose, abdominal obesity, high blood pressure, high serum
triglycerides, and low high-density lipoprotein [HDL]-cholesterol), as it was previously
mentioned, it should be expected to observe the same relation with MetS as a whole. Although
this inverse relation occurred in some studies 166-168 these results are not consistent in all the
manuscripts published 169170, The findings suggest that the association between coffee intake and
MetS may differ according to the type of coffee consumed and the coffee additives that are used
(sugar, powder creamer, etc.) 16°. Two recent meta-analysis published in 2016, have confirmed
the same conclusion that coffee consumption is associated with a low risk of MetS 171172, Further
observational studies and randomized trials are required in order to identify definitively the
health benefits and risks of coffee and MetS, because it is known that individuals presenting MetS
also have a greater cardiovascular risk 173174,

Caffeine, that is present in some types of teas and coffee, has a mild diuretic effect. However, a
moderate caffeine consumption (up to about 500 mg/day) does not appear to cause dehydration
175176, as previously it was thought. In the majority of the cases, the fluid in a caffeinated drink
compensates for the short-term diuretic effect it produces. Some years ago, Stookey suggested
that each milligram of caffeine consumed stimulates the formation of 1.1 mL of urine 177. However,
the evidence suggests that the relationship is not so linear, but rather there is a threshold level
below which little or no effect on urine production is observed 178. Some authors defend that the
level of caffeine consumption below which hydration status will not be compromised is 300mg
per day 178, although others indicates a different result of 500mg/day 175176,

In addition, there has been suggestive evidence of a lower risk of suicides 179, Parkinson’s disease
180 Alzheimer’s disease 18! and gallstones 182183 among coffee drinkers. Overall, habitual coffee

drinkers appear to develop tolerance to the acute effects of caffeine, like those were explained
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above, and may experience the beneficial effects of the other compounds of coffee (e.g. phenolic
compounds and antioxidants) that protect against oxidative damage 184, improve insulin
sensitivity 185 or decrease insulin resistance 186 and have some anticarcinogenic properties 187.

1.5.3. Sugar-sweetened beverages

SSBs are known to be significant sources of additional caloric intake, such as sucrose, high-
fructose corn syrup or fruit-juices concentrates, all of which result in similar metabolic effects 188.
The adjusted prevalence of SSBs consumption was set in 73% for young adults and 50% among
adults older than 35 years, and according to the 2007-2008 US National Health and Nutrition
Examination Survey (NHANES) data, the mean adjusted SSBs energy intake for young people and
adults was 338 and 236kcal/day, respectively 18%. Given the recent attention of SSBs contribution
in the development of several chronic diseases different publications were performed focusing
on the impact of these beverages on weight and the risk of obesity, diabetes, MetS, hypertension,
CVD and other disorders 19190.191_ All of these chronic diseases impose a significant burden to
public health 191,

In recent decades, the world has seen an unprecedented rise in the prevalence of overweight and
obesity, as global shifts in diet and lifestyle increasingly promote positive energy balance 188. The
World Health Organization’s (WHO) latest projections indicate that globally in 2014
approximately 1.9 billion adults were overweight (body mass index [BMI] = 25Kg/m?) and at least
600 million were obese (BMI = 30 Kg/m?), numbers that more than doubled since 1980 192, Given
that SSB consumption may alter taste preferences and quality of the diet, caloric intake may in
fact mediate the effect of SSB consumption and health outcomes, such as overweight or obesity
191" An important systematic review and meta-analysis from 2013, described that each serving
per day increased in SSBs was associated with an additional weight gain of 0.22 Kg over 1 year in
adults 193. The same publication observed similar results in children, providing scientific evidence
that SSBs consumption is associated with weight gain in both, adults and children. After this
review being published, several original research manuscripts and other reviews were
performed, demonstrating similar results in adults 194-196, Some authors defend that patients and

also general population should be counselled to reduce SSB consumption, for trying to avoid this
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weight gain 194, For this reason, a detailed meta-analysis of the effects of water intake alone as a
replacement for SSBs was published 197. In general, the results of this review suggest that water,
when consumed in place of SSBs is linked with reduced energy intake, and thereafter may
influence on body weight. More recent studies, tried to confirm these results, reporting that the
replacement of SSBs by plain water was related to body weight losses 76124, It is thought that SSB
consumption contribute to weight gain in part because of the high added sugar content and low
satiety of these beverages and incomplete compensation for total energy at subsequent meals
following intake of liquid calories 198.

Given MetS is a cluster of metabolic alterations associated with visceral obesity including
atherogenic dyslipidaemia, high fasting plasma glucose, and increased blood pressure 199, this
disorder entails an increased risk of CVD and cause-specific mortality 199-201, In recent decades,
the relationship between the consumption of sweetened beverages and the development of MetS
has been investigated in epidemiological studies. However, most of these are cross-sectional 202-
207, so their potential for discerning relationships is limited. To date, only four prospective studies
have investigated the association between the consumption of sweetened beverages and MetS
incidence, with contradictory results 208-211, Three of them were part of a meta-analysis 212,
published in 2010 by Malik and coworkers, concluding that the highest quartile of SSB
consumption was associated with the development of MetS (relative risk [RR]:1.20; 95%
confidence interval [CI]: 1.02-1.42). The fourth, not included in the aforementioned meta-
analysis, was conducted in a Mediterranean population 298 and suggested a positive association
between changes in the consumption of SSBs and incident MetS in university graduates.

T2DM, with the rapid increased prevalence worldwide and substantial economic burden, as
explained before, has become a global public health concern 213214, Consequently, it is of great
importance to identify related factors to reduce the risk of developing T2DM. In 2015, Wang et al,
performed a meta-analysis to estimate the association between SSB intake and risk of T2ZDM. The
authors provided updated evidence that a greater intake of this type of beverage was positively
associated with a 30% higher risk of developing T2DM 215, In the meta-analysis of 11 prospective
cohort studies from Malik (the same where SSBs were associated with an increased risk of MetS)

the authors also observed that the highest category of SSB consumption (1-2 servings/day) was
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associated with a statistically significant increased risk of developing T2DM (RR:1.26; 95%CI:
1.12-1.41) in adults 212. Recently, a systematic review and meta-analysis has confirmed these
previous results, showing that the consumption of SSB is associated with incident T2DM,
independently of adiposity and taking into account as population characteristics, potential
residual confounding as publication bias 216, The high amount of rapidly absorbable
carbohydrates such as sucrose or high-fructose corn syrup, coupled with the large quantities of
often consumed, suggest that SSBs may increase the risk of T2DM regardless of obesity and
adiposity, particularly around the abdominal area. These types of beverage and its components
may act as a potential contributor to increase the dietary glycemic load leading to inflammation,
insulin resistance, and impaired (3-cell function 188217-219,

Hypertension is the most prevalent condition in primary care 229, is a major risk factor for CVD
and accounts for 9.4 million deaths annually, worldwide 221. According to a recent report from the
American Heart Association, the prevalence of hypertension is increasing 222, and the number of
adults with this disease has been predicted to increase worldwide by about 60% in the next years
223, Nevertheless, hypertension risk remains highly modifiable through dietary and lifestyle
interventions 224, Recent attention has implicated SSB intake in the pathogenesis of hypertension
225 A systematic review and meta-analysis of six prospective cohorts was performed to quantify
the association between SSBs and the risk of hypertension 226. The authors observed a harmful
effect of the consumption of this types of beverages on hypertension (RR: 1.12; 95%CI: 1.06-1.17;
P<0.001), in the highest compared with the lowest quantiles of SSB intake, in individuals with no
history of hypertension. These results confirm those observed previously in two published meta-
analysis from 2015 227228 by Cheungpasitporn et al, (RR: 1.12; 95%CI: 1.03-1.23) and by Xi and
coworker (RR: 1.08; 95%CI: 1.04-1.12). Similar results were confirmed by Kim and Je in a recent
systematic review and meta-analysis 229 published in 2016 (RR: 1.12; 95%CI: 1.07-1.17). It has
been suggested that fructose, through the depletion of ATP leads to an elevation of uric acid,
inducing vascular oxidative stress, endothelial dysfunction, and aggravates the renin-angiotensin
axis, consequently elevating blood pressure 230, Although, SSBs has been associated with a higher
risk of hypertension, there is a need for high-quality randomized trials to assess the role of SSBs

in the development of this disorder and its complications.
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Moreover, an increased risk of CHD (RR: 1.17; 95%CI: 1.10-1.24) for every serving/day of SSBs
was also observed, but no relationship between this intake and stroke was found (RR: 1.06;
95%ClI: 0.97-1.15) 228, A meta-analysis of prospective studies was performed to summarize the
evidence with respect to the consumption of SSBs and risk of CHD 231, The authors found a RR:
1.17 (95%CI: 1.07-1.28) in the highest category of SSBs consumption in comparison with the
lowest category. This meta-analysis of four prospective studies, published in 2014, suggests that
consumption of SSBs may increase the risk of CHD, especially among men. However, these
findings were based on limited data, and further studies are warranted to critically evaluate this
relationship.

The consumption of SSB was also related with CKD. A systematic review and meta-analysis
evaluated this association, and demonstrates a statistically significant increased risk of CKD (RR:
1.58;95%CI: 1.00-2.49) in subjects consuming SSBs versus control subjects 232, These results have
special importance because in 2010, greater than 10% of adults in the United States (over 20
million people) were estimated to have CKD, and prevalence worldwide is estimated at 8-16% 233.
The increasing rates of T2DM and obesity have contributed to rise in prevalence of this disorder
232,

In summary, the consumption of SSBs may increase the risk of T2DM and CVD as a contributor to
a high dietary glycemic load leading to inflammation, insulin resistance and impaired B-cell
function. Additional metabolic effects from the fructose fraction of these beverages may also
promote accumulation of visceral adiposity, and increased hepatic de novo lipogenesis, and
hypertension due to hyperuricemia. Consumption of SSBs should therefore be replaced by
healthy alternatives such as water, to reduce risk of obesity and other chronic diseases. It was
observed that a good tool for increasing water consumption and replace SSBs intake is providing
water and making it more affordable 234,

1.5.4. Artificially sweetened beverages

The negative impact of consuming SSBs on weight and other health outcomes has been
increasingly recognized, as explained above in the present thesis. Therefore, many people have

turned to artificially sweetened beverages (also known as “diet beverages”), which are sweetened
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with high-intensity sweeteners like aspartame, sucralose, and saccharin as a way to reduce the
risk of these health consequences. The artificial sweeteners used in beverages are also common
in many foods, and are also used as substitute of table sugar. They are also potent stimulators of
the taste receptors for sweetness, being 100 or more times sweeter than sucrose 235. However,
accumulating evidence suggests that frequent consumers of these sugar substitutes may also be
atrisk of excessive weight gain, MetS, T2DM, and CVD 236,

MetS, as defined before, is characterized by a clustering of cardiometabolic risk factors within an
individual, namely abdominal obesity, hypertension, hypertriglyceridemia, low levels of HDL-
cholesterol and impaired glucose 19°. The prevalence and trends of MetS in American adults over

20 years old from the NHANES study is showed in Figure 1.
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Figure 1. Prevalence and trends of metabolic syndrome in American adults (=20 years) from the

NHANES cohort study (1999-2010).

Some of the MetS components were related with the consumption of artificially sweetened
beverages.
Hypertension is associated with increased risk of mortality from CVD, such as coronary artery

disease, congestive heart failure and AM], as the risk of other disorders including CKD 229, In the
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same systematic review and meta-analysis that related the consumption of SSBs with an
increased risk of hypertension, its association with artificially sweetened beverages was also
assessed 229, Similar results were described (RR: 1.14; 95%CI: 1.10-1.18), founding a positive
association between the intake of artificially sweetened beverages and increased levels of blood
pressure.

An increases in waist circumference was found to be particularly troubling because they reflect
disproportionate increases in visceral fat 237, which is associated with greater cardiometabolic
risk 238239, For this reason, a prospective cohort study examined the relationship between diet
soda intake and long-term waist circumference change in middle-age and elderly (>65 years) 240,
The authors found a striking and positive dose-response relationship between the increased
intake of this beverage and escalating abdominal obesity. More studies are needed for stronger
conclusions, however these results raise concerns health effects of artificially sweetened
beverages in middle-age and elderly individuals.

Artificially sweetened beverages are considered healthy alternatives to SSB, but their prospective
associations with T2DM have not yet been well established because only a few studies have
examined the associations, of which potential bias has been debated 241-243, A recent meta-
analysis from Imamura and coworkers related the habitual consumption of SSBs with a greater
risk of T2DM 216, The same publication also evaluated the association between this disorder and
the intake of artificially sweetened beverages, being the results very similar (RR: 1.81; 95%CI:
1.332.47). The authors concluded that artificially sweetened beverages were unlikely to be a
healthy alternative to SSBs for the prevention of T2DM. A different population previously
published (2010) had also reached the same conclusions 209, Nevertheless, besides the relation
with T2DM, the authors also determined the association between the consumption of artificially
sweetened beverages and MetS. At least daily consumption of diet soda was associated with a
36% RR of incidence MetS compared with no consumption 2%°. A more recent scientific article
assessed the intake of artificially sweetened beverages in relation to the prevalence of MetS in
United States and Europe 202. In spite of, the author found that individuals who consumed at least
one drink per day had a higher prevalence of MetS compared to non-consumers, in both

assessments. However, these finding comes from a cross-sectional study, which is not enough for
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concluding causal relations. Further prospective studies with a large follow-up and sample are
needed for better conclusions regarding the association of artificially sweetened beverages on
MetS.

Low-calorie sweeteners are commonly used as substitutes for caloric sugar, such as high-fructose
corn syrup, because they contribute no or few calories neither glycemic index, while maintaining
palatability 244245, Yet their role in weight management and obesity remains a topic of continued
controversy 236, In 2013, it was published a review including the most methodologically rigorous
studies, that have taken into account many confounding factors, such as changes in beverages
habits over time and whether or not the participants claim they are attempting to lose weight 235.
These higher-quality studies suggest either no effect of artificially sweetened beverages on weight
change or obesity risk, or perhaps, a protective effect due, possibly, to replacing calorically-dense
alternatives. One year after (2014), 303 men and women were assigned to a prospective
randomized trial to compare the efficacy of artificially sweetened beverages for weight loss
during 12-week 246, The authors found that the patients included in the group consuming
artificially sweetened beverages loss significantly more weight compared to the water group. In
addition, the participants drinking artificially sweetened beverages reported significantly greater
reductions in subjective feelings of hunger compared to the other intervention group. Therefore,
the authors concluded that artificially sweetened beverages might be part of an effective weight
loss strategy. To the best of our knowledge, only one prospective cohort study performed in adults
found a positive association between the consumption of artificially sweetened beverages and
long-term body weight changes 247. The authors found that consuming >21 servings/week of
artificially sweetened beverages (vs. no consumers) was associated with almost-doubled risk of
overweight among normal-weight individuals, and doubled risk of obesity among individuals
with BMI<30Kg/m?. A very recent systematic review, including some of the studies presented in
this paragraph, concluded that results regarding the relationship between artificially sweetened
beverage consumption on body weight changes, were inconclusive, and future research is needed
248,

The paradoxical association between consuming artificially sweetened beverages and metabolic

outcomes might be explain through at least three hypothesis, not mutually exclusive:
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1) Reverse causation, i.e. individuals who are likely to develop metabolic disease or have
increased their body weight choose to consume this type of beverages as a strategy to reduce
sugar and caloric intake;

2) A perception that artificially sweetened beverages don’t satiate and may have the opposite
effect of increasing hunger, leading to immediate or delayed energy compensation;

3) Artificially sweetened beverages are not physiologically inert but affect biological processes
involved in regulating energy and glucose homeostasis, such as interactions gut microbiota
and induce glucose intolerance 249250,

1.5.5. Fruit juices

Fruit juices are extracted from fruit, with most of the fruit pulp and hence the fiber removed.
Smoothies typically contain a mixture of fruit juices and puréed fruit, and may also blended with
yogurt or milk 17. Fruit juices contain vitamins, such as vitamin C, and plant bioactives, such as
carotenoids and polyphenols, depending on the fruits used 251. Although juices supply water and
some nutrients, they do not provide equivalent amounts of fiber to whole fruit. Nevertheless, it is
universally accepted that fruit and vegetable intake has a protective effect on health, there is no
clear consensus about the effects of consuming the juices that are extracted from them 129252, [n
addition, their relatively high sugar content (naturally present at the fruit) means that they
provide energy, and frequent consumption may be detrimental to health 17. Because of that, some
researchers have suggested that fruit juices intake should be limited as a poor substitute for fruit
and also that fruit juice is comparable to SSBs 253.

A review and critical analysis published in 2015, assessed the effects of apple, cranberry, grape,
grapefruit, orange and pomegranate on outcomes related with health and bodyweight regulation
253, The authors, concluded that the potential clinical benefits of pure fruit juices on oxidation and
related markers, vascular reactivity and inflammation, lipids and related metabolism,
hypertension, cancer, cognitive function, memory decline, and Alzheimer’s disease and urinary
tract infection remains unclear. Being impossible making any public health recommendation
regarding the consumption of fruit juices.

Weight gain and nutrient displacement have been cited as a potential concerns associated with

-54 -



UNIVERSITAT ROVIRA I VIRGILIT
ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH
Cintia Sofia Ferreira Pé&go

Introduction

high consumption of fruit juice intake, especially in children. Although, importantly some studies
in this area have not distinguished between fruit juice-containing drinks and pure fruit juices
254255 However, other studies found and inverse relation between BMI and fruit juice intake, in
children and adults 256-259, reporting that the mechanisms are not fully understood and well-
controlled prospective intervention studies are need to determine the true impact of pure fruit
juices on human bodyweight.

Fruit juices are considered by the general population, as healthy alternatives to SSB, but their
prospective associations with T2ZDM have not yet been well established because only a few studies
have examined the associations, of which potential bias has been debated 252260, According to a
systematic review and meta-analysis published in 2014, the intake of pure fruit juice was not
significantly associated with risk of developing T2DM (RR:1.03; 95%CI: 0.91-1.18) 260, However,
in a more recent systematic review and meta-analysis published by Imamura, the higher
consumption of fruit juices was associated with a higher risk of T2DM, after adjusting for
adiposity (RR: 1.07; 95%CI: 1.01-1.14) 216, Although the different results, both authors agree that
current evidence is limited to answer whether or not consumption of fruit juice is associated with
risk of T2DM, and further large population-based prospective studies are needed.

While it is widely accepted that fruit and vegetables lower the risk of cancer and CVD, the role of
its pure juices is often downplayed 12°. A review of the evidence published by Ruxton and
coworkers, evaluated if pure fruit juices are protective against cancer and CVD 129, The authors
concluded that the impact of pure fruit juices on cancer risk was weakly positive, although a lack
of human data and contradictory findings hampered conclusions. In relation to CVD, there was
convincing evidence from epidemiological and clinical studies that pure fruit juices reduced risk
via a number of probable mechanisms. Another published review support the need of more
preclinical tests with pomegranate and citrus fruit juices and their constituents, in different
colorectal cancer cell lines and also some epidemiological studies, since in the current scenario
there are no human clinical trials that have been done to study the effect of these juices on colon
cancer 261,

MetS is a cluster of physiologically deregulated cardiometabolic parameters, which substantially

increase the risk of T2DM and CVD 262, both described above. As noted in the present thesis, SSB
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consumption was associated with an increased risk of MetS. In contrast, studies on the role of fruit
juice intake on MetS, at the best of our knowledge, are inexistent. In general-population, fruit
juices are considered as one healthy option to SSBs, and for this reason one original research
manuscript determined the prevalence ratio of MetS for different types of beverage, and also the
Odds Ratio by substituting one serving of homemade fruit juice for one of SSBs 263. Fruit juices
were not significantly related with MetS in any category of consumption, but when the
consumption of different sweetened beverages (instant drink, regular soda and SSB) was replaced
by homemade fruit juices intake, a lower odds for MetS was observed. In conclusion, the authors
reported that reducing the consumption of SSBs and substituting them with homemade fruit
juices, in a moderated level, might be an approach to reduced MetS among adults.

The escalating prevalence of dementia and an increasingly aging population likely to experience
age-related cognitive decline have generated extensive interest in dietary components that may
offer protection against neurodegenerative diseases and may be able to preserve or even enhance
cognitive function in normal healthy populations 264. A review from 2014, tried to relate 100%
fruit juice with cognitive function and a clinical diagnosis of neuropsychological disease 265. The
authors found that 17 of 19 epidemiological studies and 3 of 6 intervention studies reported
significant benefits of 100% fruit juices for cognitive performance. The limited data from acute
interventions indicate that consumption of fruit juices can have immediate benefits for memory
function in adults with mild cognitive impairment; however, acute benefits have not been
observed in healthy adults. This suggests that chronic consumption of fruit juices may attenuate
the onset of age-associated cognitive decline, but longitudinal and acute studies examining
dietary habits and cognitive outcomes in healthy adults must be conducted.

Oxidative stress may lead to overproduction of reactive species and a decrease in antioxidant
defences, resulting in some chronic diseases explained above, such as diabetes or cancer 266. The
consumption of natural compounds with an antioxidant power, as fruit juices, may be a
preventive alternative. A systematic review and meta-analysis published by Tonin et al, in 2015,
was performed to obtain evidence from randomized controlled trials, regarding the potential
antioxidant activity of fruit or vegetable juices compared to placebo or other beverages 266. The

authors concluded that natural fruit juices are possible candidates for the management of
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oxidative stress, and its antioxidant capacity can be the responsible of some of the protective
health effects described previously. However, the effects of fruit juices should be further
investigated by conducting larger and well-defined trials of longer duration.

1.5.6. Alcoholic beverages

During the past decades, total per capita alcohol intake has increased rapidly in some countries,
mainly in western cultures, where alcohol is currently consumed by many, if not most, people 267.
Due to this large consumption in some populations, investigating whether alcohol consumption
is associated with the risk of chronic diseases has important public health implications 268269,
Alcoholic beverages vary in their water and alcohol content, with a standard measure of beer
containing much more water than a standard measure of spirits. Alcohol has a diuretic effect, and
so the effect of consuming alcoholic beverages on overall water balance depends on the amount
of alcohol and water consumed. Consumption of strong alcoholic drinks without additional fluids
may cause dehydration 270. Alcohol provides seven Kcal/g, and so alcoholic drinks contribute to
energy intake. As occurs with other energy-containing drinks, consumption of energy from
alcohol does not appear to reduce subsequent energy intake from foods, resulting in an overall
increased energy intake in the whole diet. When consumed as a preload shortly before an intake
test, alcohol has been reported to either have no effect on the amount consumed or to result in an
increase in voluntary intake 271. This lack of any compensatory reduction in subsequent intake in
any study providing energy as an alcohol preload clearly suggest that alcohol fails to generate
effective short-term satiety cues. This can be due to that alcohol may release inhibitions, and in
particular may increase food intake through disinhibition of restrained eating or might be that
alcohol enhances the palatability of food 271. In addition, alcohol may actually increase appetite
through an aperitif effect in the short-term 271272, Given the increased incidence of obesity, an
important question is the extent to which energy from alcohol consumption has contributed to
the excess energy intake associated with weight gain. While some data might suggest that alcohol
is arisk factor for obesity, epidemiological data suggests that mild to moderate alcohol intake may
be more likely to protect against obesity, especially in women 273. In contrast, higher intakes of

alcohol, in the absence of alcohol dependence, may increase the risk of obesity, as may binge-
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drinking, however these effects may be secondary to personality and habitual beverage
preferences 273, A review published in 2011, confirm the need of more scientific evidence,
however positive findings between alcohol intake and weight gain were reported, mainly from
studies with data on higher levels of drinking. It is, therefore, positive that heavy drinkers may
experience such an effect more commonly that light drinkers 2¢7. The same authors concluded
that light-to-moderate alcohol intake, especially wine, might be more likely to protect against
weight gain, whereas consumption of spirits has been positively associated with its gain.

With the increasing incidence of obesity and overweight, some disorders as T2DM also increases.
T2DM, as explained above, is an epidemic worldwide, and is a major cause of premature illness
and death 274, A very recent (2016) systematic review and dose-response meta-analysis explored
the evidence on the strength of the association between alcohol consumption and the subsequent
risk of T2DM 274, The authors analyzed 706,716 individuals from 26 different studies with 31,621
T2DM cases, and concluded that light and moderate consumption was associated with a lower
risk of T2DM, whereas heavy alcohol consumption was not related with risk of this disorder.

A meta-analysis from 2016 published by Vancampfort et al, assessed pooled rates of MetS and its
components in people with alcohol use disorders 275. The authors concluded that 1 in 5 people
with alcohol use disorders were found to have MetS. However, more studies regarding a moderate
consumption of alcohol without any dependence are needed. Yoo and coworkers in 2004 didn’t
find any significant relation between grams of alcohol consumed and the number of MetS
components in the Bogalusa Heart Study 276.

Alcohol has beneficial and harmful effects at the same time, as observed. An example of this
affirmation is the French paradox: a few cardiac deaths in spite of high animal fat intake 277. Some
authors defends that this reaction can be due to alcoholic drinks, and mainly wine intake. At the
best of our knowledge, the first systematic review regarding the consumption of alcoholic
beverages and risk of AMI was performed by Cleophas in 1999. The authors concluded in that
moment that small doses (1-4 drinks/ day) of alcohol, independently if was from wine, beer and
spirits reduced the risk of mortality and CHD. Doses of =5 drinks/ day were not associated with a
reduced risk of death or CHD. At the same year a meta-analysis confirmed those results regarding

CHD 278, The authors found that the intake of 30g of alcohol per day (from beer, wine and spirits)
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would cause an estimated reduction of 24.7% in the risk of CHD. These results can be due to the
changes in lipids and haemostatic factors. The same amount of alcohol was related with an
increased concentrations of HDL-cholesterol, apolipoprotein A and triglycerides, and modestly
affected several haemostatic factors related to a thrombolytic profile. In 2015 was published a
systematic literature review and meta-analysis investigating the risk of all-cause mortality in
alcohol-dependent subjects 279. The authors identified a significant increase in mortality for
alcohol-dependent compared with general population (RR: 3.45 95%CI: 2.96-4.02). However, it
seems that the effect of alcohol is dose-response, because those subjects continued drinking
heavily had significantly greater mortality than alcohol-dependent subjects who reduced alcohol
intake (even if abstainers were excluded). It seems that alcohol has biphasic and complex
physiological effects that result in both higher and lower cardiovascular risk depending on the
amount consumed, drinking frequency and the outcome under study 280281 A very recent
systematic review and dose-response meta-analysis reported that appears to be a consistent
finding of an immediately higher cardiovascular events risk of following any alcohol consumption.
However, after 24 hours there is a lower risk of AMI and haemorrhagic stroke, and within 1 week,
there is a lower risk of ischemic stroke, whereas heavy alcohol drinkers conferred continued risk
even after 24 hours 282, However, it is still need to know if these results are due to the alcohol or
antioxidants and phytochemical content.

Cancer is still one major public health concern worldwide, and its relation with alcohol
consumption was assessed in some meta-analysis 283-285 and epidemiological studies 286, The
consumption of 2 glass of alcoholic beverages daily, was demonstrated to increase the risk of
colorectal (RR: 1.10; 95%CI: 1.05-1.14) in both men and women 283, However, the authors state
that the findings regarding a causal role of alcohol were inconclusive. Compared to non-drinkers,
a strong effect of alcohol consumption (particularly beer and liquor, but not wine) on gastric
cancer risk was observed in a recent systematic review and dose-response meta-analysis of
prospective cohort studies 285. The authors also found that per 10g/day increment of alcohol
consumption increases the risk of gastric cancer in 5%. Another meta-analysis, including most
published information, from 2001 published by Bagnardi et al, found that alcohol intake mostly

strongly increased the risks of cancer of the oral cavity, pharynx, oesophagus, and larynx 284,
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Statistically significant increases in risk also existed for cancers of the stomach, colon, rectum,
liver, female breast and ovaries. The authors were unable to identify a threshold level of alcohol
consumption below no increased risk for cancer is evident. However, this analysis found that
alcohol consumption of at least 50 grams (i.e., 4 standard drinks) per day significantly increased
the risk of developing any type of cancer, while lower levels of consumption result in a moderately
increased risk for various cancers.

Pancreatitis is a prevalent inflammatory disorder of the pancreas that is associated with high
mortality and is a source of significant global socioeconomic burden 287. For this reason a
systematic review and a series of meta-analysis was performed to assess the association between
alcohol consumption and pancreatitis 288, The authors concluded that alcohol consumption below
40 g/day was associated with reduced risk of acute pancreatitis in women; however, consumption
beyond this level was increasingly detrimental for any type of pancreatitis.

The ethology of Parkinson’s disease has both genetic and environmental factors, but the known
Parkinson’s genes account for only a small proportion of all Parkinson’s at population level 289, A
meta-analysis of observational studies related the intake of alcohol with the risk of Parkinson’s
disease, and concluded that alcohol intake, mainly beer, might be inversely associated with risk
of this disease 2°0. However, more studies regarding this disease are needed.

Alcohol consumption, particularly low and moderate, was also inversely related with later onset
menopause 2°1, although the magnitude of the association was low. Sarcopenia, a loss of muscle
strength and mass very typical in elderly, was not related with the consumption the consumption
of alcohol, in a very recent meta-analysis 292.

When consumed in excess, alcohol can damage to every system in the body as well as having
negative personal and social consequence for those concerned 29. However, the effects of
moderate alcohol consumption are unclear and it depends on drinking patterns and the type of
alcoholic beverages consumed, as well as age, gender, risk of CVD and other lifestyle factors 17.
Risk consumption of alcohol is also an important economic and financial problem, impacting
significantly the health system and society 2°4. For this reason, it is important to increase

consumer understanding about the safe consumed amount of alcohol. In this regard, most of non-
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drinkers that abstain for any reason (religion, previous health conditions, family history of

alcoholism), should not be advised to start drinking.
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2. RATIONALE AND JUSTIFICATION

Water plays a crucial role for well-being, life and health and its consumption remains fundamental
for all human tissues working properly. Water is involved in many body functions, such as
homeostasis that is essential for hydro-electrolytic, acid-base and thermal balances and for
transportation of nutrients to the cells and excretion of wastes from the cells. Total body water is
the principal chemical constituent of the human body, since comprises from 75% of body weight
in infants to 55% in the elderly. These variations in total body water are primarily due to
differences in body composition. According to EFSA, the recommended daily intake of water is
the minimum amount required to arrive to a balance between the losses of fluids (respiratory,
urinary, fecal, sweat and other insensible losses) and the inputs (beverages, food and self-
production). The EFSA set the daily recommendations for water intake for Europeans, only from
drinks, at 2.0 liters/day for men and 1.6 liters/day for women.

Assessing total fluid and different types of beverages consumed on general population is a real
challenge in nutritional epidemiology. The knowledge about fluid intake and its patterns is very
important for the creation of public health messages and policies. The scarcity and the
inconsistency of the evidence available about beverages intake, led us to examine the
consumption of different types of beverages and also total daily fluid intake in Spanish adults but
also in other 12 countries worldwide. Furthermore, the percentage of population complying with
the EFSA total water and WHO free-sugar recommendations was performed. This information is
very important for public health and for a better understanding about beverage intake patterns
and if people are following the recommended values.

Lifestyle is one of the most important factors conditioning health. Physical activity and adherence
to a healthy diet, including a healthy beverage pattern, are considered essential components of a
healthy lifestyle that can reduce the risk of several non-communicable chronic diseases. One of
the recognized healthy dietary patterns is the so-called Mediterranean diet (MedDiet), which has
been associated with several health benefits like for example the reduction of the MetS risk.
However, little is known about the association between MedDiet adherence and physical activity

practice, and beverage pattern at a population level. This lack of information motived us to assess
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the beverage pattern and habits of adult Spanish individuals, depending of its level of MedDiet
adherence and physical activity.

Longitudinal and cross-sectional epidemiological studies have suggested some negative
associations between healthy diet and MetS. However, the results published regarding the
association of beverages, mainly sweetened beverages, and MetS are inconsistent. Even though
there is accruing data on the negative relationship of the different types of sweetened beverages
on MetS, further investigation was required to confirm the associations in middle-age and elderly
population at high CVD risk and to explore new research areas. Moreover, the effect of SSBs,
artificially sweetened beverages and bottled and natural fruit juices on the risk of MetS new cases
in a Mediterranean population and context had never been investigated before and remained to
be elucidated. Due to the actual inconsistency and the lack of knowledge in the available scientific
evidence in the matter of sweetened beverages and MetS, we decided to evaluate this matter in
the framework of the PREDIMED (PREvencién con Dleta MEDiterranea) study, a cohort of
individuals at high CVD risk.

Finally, the measurement of total water and beverages intake in free-living individuals is fairly a
new focus and the information about it is scarce and very limited. One reason may be that the
methodology available for the direct measurement of water intake and loss is rather complicated
and therefore not easily applicable in large number of volunteers. The other reason can be the
methodology used, due to the fact that different authors use different methodology: FQQ,
multiple-day food records or 24-h dietary recall, etc. Nevertheless, these questionnaires were
mainly designed to evaluate food intake, and not fluid consumption as a whole. After evaluate the
consumption of different types of beverages in several populations, its relation with MedDiet and
physical activity and its association with MetS, we found a terrible difficulty in the assessment of
fluid intake. For this reason, our aim was to design a fluid-specific questionnaire for Spanish
population. We also proceeded to validate this questionnaire in Mediterranean middle age and
elderly individuals presenting MetS and with high risk of CVD, within the PREDIMED-PLUS
(PREvencién con Dleta MEDiterranea - PLUS) trial. Although, the validation of this fluid-specific
questionnaire was the last work to be published, actually it was one of the firsts to be planned and

performed. The time need to design the questionnaire, to recruit all the participants and follow
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them during 1 year made that the publication takes a little longer compared to the other projects.
This is the reason why in the present thesis the questionnaire validation and project is the first
presented followed by the fluid intake assessments and at last by the relation of sweetened

beverages and MetS incidence.
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3. HYPOTHESIS

A new fluid-specific questionnaire designed to measure habitual consumption of drinking water
and different types of beverage of a Spanish population is considered reliable and relatively valid,

in a middle age and elderly population presenting MetS.

Spanish healthy adults are not complying with the WHO free-sugar and EFSA total fluid intake

recommendations.

A higher adherence to the MedDiet and physical exercise is associated with having a healthier

fluid intake pattern.

Adults from different countries in three continents are not complying with the Al from EFSA of
water from different types of beverages, neither with the WHO recommendations on free sugars

intake only coming from beverages.
A greater consumption of SSBs, artificially sweetened beverages, natural fruit juices and bottled

fruit juices is associated with an increased risk of MetS development or any of its features in a

cohort of participants at high cardiovascular risk.
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4. OBJECTIVES

To assess the repeatability and the relative validity of a new fluid-specific questionnaire designed
to measure habitual consumption of drinking water and different types of beverage in Spanish

population with MetS.

To evaluate the total fluid and sugar intake provided by different types of beverages in Spain and
to assess the percentage of individuals complying with the EFSA recommendations for total fluid

intake and the WHO recommendations for sugars coming from total diet.

To evaluate the association between adherence to the MedDiet and physical exercise practice and

fluid intake pattern in Spanish healthy adults.

To evaluate the total fluid intake from beverages in adult populations from 13 countries in three
continents and to assess the percentage of individuals complying with EFSA Al of water from

fluids.

To describe drinking water intake and all other type of beverages in adults from 13 countries in
three continents including Europe, Latin America and Asia and to report energy intake from
beverages and the percentage of adults exceeding the WHO recommendations on free sugars

intake.
Analyze the relation between the consumption of SSBs, artificially sweetened beverages, natural

fruit juices and bottled fruit juices and MetS and its components incidence, in a cohort of

participants at high cardiovascular risk.
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5. MATERIAL AND METHODS

5.1. The PREDIMED-PLUS study
Study design

The PREDIMED-PLUS study is a randomized, multicentre field trial which main aim is the primary
prevention of CVD in overweight and obese adults presenting MetS. The program is based in an
intensive intervention on an energy-restricted MedDiet, increased physical activity and
behavioural therapy, compared with a control group given dietary advice also about MedDiet for
the prevention of cardiovascular morbidity and mortality, but no restricted in energy. The main
objective of PREDIMED-PLUS is to evaluate the effect of an intensive lifestyle intervention
comprising an energy-restricted MedDiet, increased physical activity and behavioral therapy on:

. The incidence of cardiovascular events (non-fatal AMI, non-fatal stroke, or cardiovascular

death).

=  Weight change (weight loss and long-term weight-loss maintenance).

The secondary objectives are to determine whether an intensive weight-loss-oriented lifestyle

intervention program has a beneficial effect to reduce waist circumference and some of the

following overweight- and obesity-related conditions:

=  Total mortality.

=  Myocardial infarction.

=  Stroke.

=  Heart failure.

= Atrial fibrillation.

= Peripheral artery disease.

=  T2DM and its complications.

= Overall incidence of cancer and specific types of cancers in main sites (breast, colorectal,

prostate, lung and stomach).

= Osteoporotic fractures.

= Cholelicistechtomy.
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. Cataracts.
Ll Neurodegenerative disorders (dementia and Parkinson’s disease), unipolar depression
and eating behavior disorders.

Study population

The recruitment of individuals started in October of 2014, only in Reus and Navarra centers and
is still going on. The end of the recruitment process is planned to occur in October 2016 for all the
participating centers (Malaga, Sevilla, Islas Baleares, Barcelona, Pais Vasco, Valencia, Gran
Canaria, Granada, Madrid, Coérdoba, Alicante, Jaén). Individuals who participated in the
PREDIMED trial are not eligible to participate in PREDIMED-PLUS study. Intervention will be
maintained for 6 years and average follow-up time for clinical events will be 8 years.
The study participants were community-dwelling adult men aged 55-75 and women aged
between 60 and 75 with a BMI 227 and <40 kg/m?, free of CVD at baseline and who meet three or
more criteria for MetS, which 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 19°.
The PREDIMED-PLUS study is still recruiting individuals and diabetic participants should not
exceed the 25% of the final population.
Individuals may be excluded if they meet any of the following criteria:
= [lliteracy or inability/unwillingness to give written informed consent or communicate
with study staff.
=  Institutionalization (the participant is a permanent or long-stay resident in a care home).
=  Documented history of previous CVD, including: angina; AMI; coronary revascularization
procedures; stroke (ischemic or hemorrhagic, including transient ischemic attacks);
symptomatic peripheral artery disease that required surgery or was diagnosed with vascular
imaging techniques; ventricular arrhythmia; uncontrolled atrial fibrillation; congestive heart
failure (New York Heart Association Class III or IV); hypertrophic myocardiopathy; and

history of aortic aneurism >=5.5 cm in diameter or aortic aneurism surgery.
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= Active malignant cancer or history of malignancy within the last 5 years (except non-
melanoma skin cancer).

. Inability to follow the recommended diet (for religious reasons, swallowing disorders,
etc.) or to carry out physical activity.

= A low predicted likelihood to change dietary habits according to the Prochaska and
DiClemente Stages of Change Model 2.

= Inability to follow the scheduled intervention visits (institutionalization, lack of
autonomy, inability to walk, lack of stable address, travel plans, etc.).

=  Inclusion in another program that provides advice on weight loss (> 5 kg) in the six
months before the selection visit.

=  History of surgical procedures for weight loss or intention to undergo bariatric surgery
in the next 12 months.

=  History of small or large bowel resection, or inflammatory bowel disease.

= Obesity of known endocrine origin (except for treated hypothyroidism).

=  Food allergy to any component of the MedDiet.

=  Immunodeficiency or HIV-positive status.

=  Cirrhosis or liver failure.

= Serious psychiatric disorders: schizophrenia, bipolar disorder, eating disorders, or
depression with hospitalization within the last 6 months.

=  Any severe co-morbidity condition with less than 24 months’ life expectancy.

= Alcohol abuse or addiction (or total daily alcohol intake >50 g) or drug abuse within the
past 6 months.

=  History of major organ transplantation.

= Concurrent therapy with immunosuppressive drugs or cytotoxic agents.

= Current treatment with systemic corticosteroids.

= Current use of weight loss medication.

= Concurrent participation in another randomized clinical trial.

=  Patients with an acute infection or inflammation (e.g. pneumonia) will be allowed to

participate in the study 3 months after resolution of their condition.
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=  Any other condition that may interfere with adherence to the study protocol.
Medical doctors from primary care centers associated with the recruitment centers were the main
responsible of recruiting participants. Individuals’ eligibility criteria and demographic data were
collected from the medical records at the primary care centers, which are entirely computer-
based. Potential participants were contacted through a telephone call or during the routine
clinical visits. If they were interested in participating, a face-to face interview was scheduled.
When the first screening visit was taken place, the purpose and characteristics of the study were
explained to the candidates and, if they agree with participating into the study, an informed
written consent form were signed. All participants provided two written informed consent, one
for the general PREDIMED-PLUS study and other for a genetic sub-study. The Institutional Review
Board of each participating center approved all the procedures of the study protocol.

Intervention

The participants of the PREDIMED-PLUS Study were randomly and equally assigned (1:1) to one
of two intervention groups (Figure 2):
= Intensive intervention on an energy-restricted MedDiet, increased physical activity and
behavioural therapy (intervention group).
= Dietary advice about MedDiet for the prevention of cardiovascular morbidity and

mortality, but no restricted in energy (control group).
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INTERVENTION . ) .
GROUP Intervention period (in months) - First year
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CONTROL
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Intervention period (in months)
Screening Randomization
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|
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|

1 - Individual session
G- Group session

Figure 2. Design of the PREDIMED-PLUS study

A run-in period of three different visits (one of them was a telephone call) with a duration of 4
weeks was performed before the baseline visit.
In the first visit of the run-in period, participants were screened in order to ensure that the
eligibility criteria are met, and also to evaluate the probability that they will attend the scheduled
sessions, complete the protocol’s assessment tools, and finally change their dietary habits, in
accordance with the Stages-of-Change model 2°5. This screening visit will comprise:

=  The administration of a general questionnaire including the meeting of inclusion and

exclusion criteria.

=  Explanation of the study and completion of the informed consent forms.

=  Performance of electrocardiogram (ECG) and anthropometric (height, weight, waist

circumference) and blood pressure measurements.
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=  Distribution of a 3-day food record sheet (2 working days and 1 weekend day), and a
leisure-time physical activity questionnaire (Appendix 1).
All these questionnaires, except the general questionnaire, were filled at home by the
participant and returned in the last run-in visit. The objective of the initial interview of the
trial was to evaluate the willingness of each candidate to participate in the study, comply with
the proposed intervention, and lose weight.
After 2 weeks, the participants received a telephone call, agreeing with the second visit of the
run-in period, to assess if they want to maintain its participation in the study, and remind them
to bring to the next screening visit all the records filled.
At week 4 of the run-in period, the third visit was performed with the objective of:
Ll Collection of the participants’ record, by the dietitian.
Ll Measurement of the participants’ weight and hip circumferences.
=  Administration and completion of a 143-item FFQ.
Ll Explanation of nighttime fasting for in situ extraction of blood sample performed in the
next visit (baseline visit), and how to collect the first morning urine sample.
The participants were randomly assigned to one of the two intervention groups if they satisfy
all the following criteria:
=  Full attendance at the two previous sessions (including having answered the telephone
call) at the scheduled times.
= Correct completion and delivery of all the records and questionnaires.
After one week of the participant’s inclusion in the study and their randomization to one of the
two intervention groups, the baseline visit was performed. In this visit, the general questionnaire
was completed by the PREDIMED-PLUS personnel. This general questionnaire included questions
about medical conditions, risk factors, medication use, MedDiet adherence questionnaires (14-
and 17-items [Appendix 2 and 3, respectively]) and physical activity practice including the chair
test.
Participants in the intensive intervention group received counselling to help them progressively
increase their compliance with the following 17 objectives (the 17-item questionnaire on

adherence to the energy-restricted MedDiet - Appendix 3).
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One point would be awarded for each objective met:
1. Use only extra-virgin olive oil for cooking, salad dressings, and spreads.
2. Consume =3 portions of fruit per day.
3. Consume 2 2 portions of vegetables/garden produce per day (atleast 1 portion raw or in
a salad).
4. Reduce consumption of white bread to <1 serving/day (1 serving = 75 g).
5. Consume whole grain cereals and pasta =5 times per week.
6. Consume <1 serving (1 serving = 100-150 g) of red meat, hamburgers, or meat products
(ham, sausage, etc.) per week.
7. Consume less than 1 serving of butter or cream per week (1 serving = 12 g).
8. Consume less than one sugary beverage or sugar-sweetened fruit juice per week.
9. Consume 23 servings of legumes per week (1 serving = 150 g).
10. Consume =3 servings of fish or shellfish per week (1 serving = 100-150 g fish, or 4-5 units
or 200 g shellfish).
11. Consume < 3 sweets or pastries, such as cakes, cookies, sponge cake, or custard, per week.
12. Consume 2 3 servings of nuts (including peanuts) per week (1 serving = 30 g).
13. Consume chicken, turkey or rabbit meat instead of beef, pork, hamburgers or sausages.
14. Use sofrito (sauce made with tomato and onion, leek or garlic, simmered in olive oil) = 2
times per week.
15. Do not add sugar to beverages (coffee, tea); instead, replace sugar with non-caloric
artificial sweeteners.
16. Reduce consumption of pasta or rice <3 servings per week (unless the pasta or rice are
whole grain products).
17. Consume 2-3 glasses of wine (200 mL) per day (men) or 1-2 glasses of wine per day
(women).
Although, the 17-point MedDiet adherence questionnaire was used in both of the intervention
groups, the intervention tool for the control group, was the 14-item adherence non-energy-

restricted MedDiet questionnaire (Appendix 2), used in the PREDIMED cohort 2.
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Intensive lifestyle intervention group

Participants in the intensive lifestyle intervention group received traditional MedDiet
recommendations, with an energy restriction. Dietary intervention was accompanied by an
increasing in physical activity practice and behavioral therapy program. Participants in this group
took monthly an individual interview and a motivational group session during the first year of the
intervention, and once every three months thereafter. In the PREDIMED-PLUS study, extra-virgin
olive oil (one liter per month) and nuts (500g per month) were provided to the participants freely.
The participants’ degree of compliance with the intervention was monitored periodically, so that
the intervention can be adjusted if it was necessary. For the intensive intervention group, the
specific weight-loss objectives are to achieve an average reduction in baseline body weight of over
8% and an average reduction in waist circumference of over 5% in the first six months and to
maintain these figures over an additional period of seven and a half years. The final objective is to
obtain a between-group average absolute difference in weight loss and waist circumference
reduction of over 5%.

Control intervention group

The control group received usual primary healthcare from medical professionals, all the written
material, instructions on following a MedDiet—which was used in the PREDIMED study and has
been shown to have benefits for the prevention of cardiovascular morbidity and mortality 297—
and general lifestyle recommendations for managing the MetS. Every six months, the control
group participants received group sessions led by trained personnel and a free supply of EVOO (6
liters every 6 months) and nuts (3kg every 6 months) in order to promote the MedDiet and
encourage compliance with the trial.

Group sessions

At the group sessions (maximum of 20 participants per group), a shopping lists, menus, recipes,
descriptions of typical components of the MedDiet and advice on lifestyle changes were provided.
The PREDIMED-PLUS trained dietitians led these sessions. Group sessions, for the intervention
group, were split in three different topics:

= Dietary advice (weight loss, main aspects of the MedDiet, recipes, etc.).
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=  Physical exercise practice.

=  Behavioral strategies for a better compliance.
In the control group sessions, only recommendations for a better adherence to the MedDiet or
tips about typical foods were delivered. EVOO and nuts were delivery freely to the participants in
the group sessions.

Data assessment

In the PREDIMED-PLUS study, a general questionnaire about CV risk factors, history of illnesses,
medication use, family history of disease, smoking and alcohol use, educational achievement,
occupation and socio-economic status were administered to the participants at baseline and
yearly during the follow-up. Anthropometric and biochemical evaluations were also performed
and registered in the general questionnaire. Dieticians also completed a validated 14-item (for
control group) and 17-item (for intervention group) questionnaire of adherence to the MedDiet
(Appendix 2 and 3, respectively). Trained dieticians completed a 143-item semi-quantitative
FFQ in a face-to-face interview with the participant, at baseline, six months and annually
thereafter. The objective of the present questionnaire is to estimate average daily nutrient intake
over the previous 12-month period. It has a design semi-quantitative in order to evaluate the
consumption frequency of the food items. It considers an incremental scale with nine levels
(never or almost never; 1-3 times per month; once per week; 2-4 times per week; 5-6 times per
week; once per day; 2-3 times per day; 4-6 times per day; more than six times per day). This
questionnaire it was adapted from the one that has been validated previously in elderly
population at high cardiovascular risk from Spain 298. Energy and nutrient intake were estimated
using Spanish food composition tables 299300, Physical activity was assessed using the validated
Spanish version of the Minnesota Leisure-Time Physical Activity questionnaire (Appendix 1) 301,
Weight (kg) and height (m) were measured with light clothing and no shoes, using calibrated
scales and a wall-mounted stadiometer, respectively. BMI (kg/m?2) was calculated after, using
weight and height values. Waist circumference (cm) was measured midway between the lowest
rib and the iliac crest using an anthropometric tape. Blood pressure was measured using a

validated oscillometer [Omron HEM705CP, Hoofddorp, Netherlands] in triplicate with a five

-87 -



UNIVERSITAT ROVIRA I VIRGILIT
ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH
Cintia Sofia Ferreira Pé&go

Material and methods

minutes interval between each measurement, and the mean of these three values was considered
as the final record.

Blood and urine samples were collected by trained personnel. Blood samples were obtained in
fasting conditions and serum lipid concentrations (total, HDL- and LDL [low-density lipoprotein]-
cholesterol, and triglycerides), fasting plasma glucose, haemogram, sodium, potassium, calcium,
uric acid, urea, creatinine, albumin, C-reactive protein, erythrocyte sedimentation rate,
hemoglobin A1C, liver function tests (serum bilirubin, alkaline phosphatase, and
aminotransferases: alanine transaminase, aspartate aminotransferase and gamma-
glutamyltranspeptidase) were performed. Participants were considered to be diabetic,
hypercholesterolemic or hypertensive if they had previously been diagnosed as such, and/or they
were being treated with antidiabetic, cholesterol-lowering, or antihypertensive agents,
respectively. Samples of foot nails and a morning spot urine were also collected in situ.
Conventional urine analyses, such as albumin and creatinine were performed. The nursing staff
of each recruiting centers was the responsible for collecting, processing, delivering, storing (in
freezers at a temperature of -802C), preserving the samples, digitizing the information, and keep
updated the registry and database for all samples and analyses. All the biochemical procedures
performed at the baseline visit were repeated again at 6 months and 1 year visits, and will be
performed yearly during the follow-up.

Assessment of total water intake and collection of 24-hour urine sample

A fluid-specific questionnaire (Appendix 4) was designed to record the frequency of
consumption of different types of beverages, including drinking water in a Spanish population.
This questionnaire was not self-reported, given that was filled by trained dietitians at baseline
and in each follow-up visit. Average daily fluid intake from beverages was estimated based on
servings of consumption 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 200cc), milkshakes, vegetable drinks, soups, jellies and sorbets, SSBs (200 and 330cc),

artificially-sweetened beverages (200 and 330cc), espresso (sweet and unsweetened), coffee
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with milk (sweet and unsweetened), tea (sweet and unsweetened), other infusions (sweet and
unsweetened), beer (200 and 330cc), non-alcoholic beer (200 and 330cc), wine, sprits, mixed
alcoholic drinks, energetic drinks, sports drinks (200 and 330cc), meal replacement shakes and
other beverages. Total fluid intake was considered as the sum of all types of beverages. The
amount of water in each beverage was estimated using the percentage of water values from the
USDA online database 302. All the analyses were performed taking into account the mL of water
content in each beverage, referring thereafter as total water intake. Participants provided a 24-
hours urine sample, and trained personnel registered the volume, the day 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 following
day included, thus concluding the 24-hour cycle. After receiving the urine sample, the trained
personnel aliquoted the samples and keep it at -80 2C. Urine osmolality (Uosm) using refractive
index method was measured before 31 weeks of freezing using the osmometer ARKRAY OM6050

Osmo Station.

5.2, The LIQ.IN7 study
Study design

The LIQ.IN7 is the acronym of Liquid Intake over 7 days study which is an international cross-
sectional study conducted between 2008 and 2014 in children, adolescents, adults and elderly
individuals from 13 different surveys. It was conducted in Latin America (Mexico, Brazil and
Argentina), Europe (Spain, France, United Kingdom, Germany, Poland and Turkey) and Asia (Iran,
China, Indonesia and Japan), by public (Iranian National Nutrition & Food Technology Research
Institute, NNFTRI; and Chinese Centre for Disease Control, CDC) and private organizations. The
primary objective of these surveys was to assess the sources of fluid consumption, including
drinking water and different types of beverages.

Study population

The participants were recruited either randomly from a database of volunteers for population

surveys, or via systematic door-to-door method until the quotas for age, gender, region, habitat
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and/or socioeconomic characteristics in relation to the total country population were met. All the
individuals included in the analysis were apparently healthy.
Participants were excluded if they met any of the following criteria:

. Working in company advertising, marketing, market research, media or manufacture,

distribution and sale of water and all kind of beverages.

=  Notbeing able to read and write in the language of the questionnaire.

= Specific diagnosed disease.

= A medically prescribed diet (exclusion criteria in United Kingdom, Iran and China).

=  Participating in a survey about non-alcoholic drinks in the previous 6 months (exclusion

criteria in Argentina, Poland and Japan).

Ll Do not complete the full fluid intake record.

=  Reporting a mean total daily fluid intake below 0.4L/day or higher than 6L/day.

=  Participating in a market research study in the previous 6 months.

=  Pregnancy or lactation (exclusion criteria in Iran and China).
In the present thesis, only adults and elderly individuals (= 18 years) were included, for this
reason the selective sample size was 16,276 participants. Individuals who agreed to be part of the
survey received detailed information about the study’s objectives; what was expected of them;
information about the study’s provisions to preserve confidentiality, risks and benefits; and a
clear explanation about their option to participate voluntarily or not in the study. After being
given a fully informed description of the study, following the principles of informed consent,
participants were asked for their oral approval to participate. No monetary incentive was offered
for taking part in the study. All data were recorded anonymously. Therefore, subjects included in
the dataset cannot be identified, either directly or through identifiers. The survey protocol of the
unpublished surveys was reviewed and approved by the University of Arkansas Review Board
(ref. 14-12-376).
The Spanish survey took place between March and May 2012 in all regions of Spain (except Ceuta,
Melilla and Canary Islands). The final sample size for the Spanish analysis was 1262 adults and
elderly participants whom provided their informed consent. The present study was submitted to

the Ethics Committee of the University Hospital of Sant Joan de Reus (ref. C.E.I.C-012), was
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reviewed, was found to be less than minimal risk and non-invasive, and was approved without
requiring signed informed consent.

Assessment of total fluid intake

All participants were provided with seven copies of the 24h fluid-specific record (Appendix 5)
so that they could collect information on their fluid intake over seven consecutive days. The 7-day
fluid specific record was always presented in the official language of the country. In all countries
except for France, Germany and Japan, a paper version of this 7-day fluid specific record was
delivered and explained to the participants during an initial interview at home. After a period of
seven days, the fluid record was collected from the participant’s home and reviewed by the
researcher with the participant. Individuals from France, Germany and Japan completed 7-day
fluid specific record online. On the morning of the first day, the participants received an electronic
reminder with written instructions on how to fill the fluid record. Paper memory cards were made
available to the participants so that they could make notes during the day, and subsequently
complete the fluid record online. Both the paper and online records had the same structure: the
participants were asked about the type and temperature of the beverage, the volume of the intake,
the reason for the intake, and where and when it was consumed. The questionnaire also asked
whether the fluid was consumed by itself or accompanied by some food, but did not record the
food consumed. To assist the participants in estimating how much fluid was consumed, a
photographic booklet of standard fluid containers (Appendix 6) supported the records. The
questionnaire items on different types of fluids included: water (tap water, still bottled water and
sparkling bottled water); hot beverages (coffee, tea and other hot beverages); milk and
derivatives; regular sweet beverages (carbonated soft drinks, non-carbonated soft drinks, juices,
energy drinks, sports drinks, other sugared soft drinks); artificially sweetened beverages (diet
carbonated soft drinks, diet non-carbonated soft drinks, other diet soft drinks); and alcoholic
drinks. Total fluid intake was defined as the sum of all these categories. In UK, Poland, Indonesia
and Japan the intake of artificially sweetened beverages was very small, and therefore they were

included in the “regular sweetened beverages” category, during the first data treatment. In
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Argentina, Iran and Indonesia only non-alcoholic beverages were recorded. In Spain and France
no fluids were classified into the group “Other beverages”.

Data assessment

Socioeconomic level was assessed using a self-administered questionnaire in the most of the
countries, and was categorized using the Market Research Society classification 303304,

Height in metres (m) and weight in kilograms (kg) were self-reported by participants, except in
Poland, Iran and China where these variables were measured by the researchers. The BMI was
calculated (kg/m?2). In Mexico, Brazil, Argentina, Indonesia and Japan no anthropometric data
were available.

In the Spanish survey, physical exercise practice of more than thirty minutes a day (active
walking, swimming, cycling, aerobics and team or individual sports) was evaluated with a self-
reported questionnaire. There were four possible responses: five times a week or more, between
three and four times a week, between once and twice a week, and once every two weeks or less.
Besides, in order to assess the adherence to the MedDiet, the participants filled a 14-points
questionnaire validated in a Spanish population [27, 28] (Appendix 2). The questions were based
on number of servings and frequencies of consumption for the typical foods or food groups of the
MedDiet. Each positive point means an increase in compliance with the MedDiet. We classified
the MedDiet adherence score into 3 categories: poor (< 5 points), average (6-7 points) and good
adherence (> 8 points). In addition, variables such as marital status, region, habitat (urban or
rural) and education level were also recorded.

Estimation of energy and free-sugar intake from fluids

In the Spanish survey, the number of sugar teaspoons added to the different beverages was
registered, and it was used to estimate the addition by hand of free sugars to each beverage.
Furthermore, sugar naturally present in beverages was calculated using a Spanish food
composition table 305,

In the rest of the surveys, energy and sugar intake from different types of beverages was
calculated using the updated United States Department of Agriculture (USDA) international food

composition tables 306, Because the quantity consumed of beverages classified as “Other
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beverages” was very low and these fluids frequently had an unknown or unregistered food
composition, this category was discarded for the energy and sugar analysis. Hereinafter, we used
as free-sugar according definition from the 2002 Joint WHO/ Food and Agriculture Organization
(FAO) Expert Consultation on Diet, Nutrition and the Prevention of Chronic Diseases 307398, The
percentage of individuals consuming more than 10% of energy requirements as free-sugar, as
recommended by WHO, was calculated 38. This organization strongly recommends the intake of
free sugars to less than 10% of total energy intake, and recently even suggested under conditions
a further reduction of the intake of free sugars below 5% of total energy intake 3%, Total energy
requirement could not be calculated due to missing data of participants’ weight and height in
some countries. Therefore, the Food Balance Sheets from the FAO were consulted to retrieve the
mean energy intake (kcal/capita/day) of the adult population of the countries included in this
analysis, which is accepted for ecological studies 3%, This source, however, contained the mean
energy intake for total population, not separated by gender.

In order to assess the differences in adherence to the WHO recommendation on free sugar intake
between genders, the theoretical recommended daily energy requirement published by the IOM
were used for total population, but not for each country 31°. In the Spanish analysis, the IOM
equations were used to estimate the total energy expenditure of each individual 311, since values
of age, weight, height and physical exercise practice were available.

Estimation of individuals meeting the EFSA recommendations

The percentage of individuals following the EFSA Al of water from fluids was calculated. The EFSA
set an Al of total water for men and women at 2.5L and 2L, respectively. The sources of this water
can be food moisture, drinking water and different types of beverage. The EFSA assumes that
foods usually contribute about 20% of total water intake 24 Therefore, we set the Al of water only

from fluids, preferably drinking water, to be at 2L/day for men and 1.6L/day for women.
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5.3. The PREDIMED study
Study design

The PREDIMED study is a large, multicentre, randomized, parallel group and controlled field trial
conducted for the primary prevention of CVD. The main aim of the present study was to evaluate
the effect of two traditional MedDiets, one supplemented with nuts and the other supplemented
with extra virgin olive oil (EVOO), in comparison with a low-fat control diet, on primary
cardiovascular prevention (a composite of AMI, stroke and cardiovascular death) in a middle-age
and elderly population at high cardiovascular risk. The secondary endpoints in the context of the
PREDIMED Study, such as death by any cause, heart failure with pulmonary edema, new-onset
diabetes mellitus, MetS, dementia and/ or other neurodegenerative disorders, and cancer
incidence other than non-melanoma skin cancer (colorectal, breast, lung, stomach and prostate)
have been also assessed. Finally, intermediate outcomes including changes in blood pressure,
weight change, fasting blood glucose, blood lipids and biomarkers of inflammation were also
evaluated.

Study population

The individuals were recruited between October 2003 and July 2011 in several centers from
Spain (Malaga, Sevilla, Islas Baleares, Barcelona, Reus-Tarragona, Pamplona, Pais Vasco, Valencia,
Gran Canaria). The present study included community-dwelling men aged between 55 and 80 and
women aged 60 to 80 years, who were free of CVD at baseline but at high risk of cardiovascular
events.
The inclusion criteria for the participants in the study were presenting either:
=  T2DM. Diagnosis of T2DM is based on current treatment with insulin or oral
hypoglycemic drugs.
= Or atleast three of the following risk factors:
- Family history of premature CVD.
- Overweight or obesity (BMI = 25 kg/m?2).

- Current smoking (> 1 cig/day during the last month).
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- Systolic blood pressure > 140 mmHg or diastolic blood pressure = 90 mmHg, or
antihypertensive medication.
- LDL-cholesterol 2 160 mg/dL or lipid- lowering therapy.
- HDL cholesterol < 40 mg/dL in men or < 50 mg/dL in women.
On the other hand, individuals were excluded if they met any of the following criteria:
. Documented history of previous CVD, including CHD (angina, AMI, coronary
revascularization procedures or existence of abnormal Q waves in the ECG), stroke (either
ischemic or hemorrhagic, including transient ischemic attacks), or clinical peripheral artery
disease with symptoms of intermittent claudication.
Ll Severe medical condition that may impair the ability of the person to participate in a
nutrition intervention study (e.g. digestive disease with fat intolerance, advanced malignancy,
or major neurological, psychiatric or endocrine disease).
=  Any other medical condition thought to limit survival to less than 1 year.
=  Immunodeficiency or HIV-positive status.
=  Jllegal drug use, chronic alcoholism or problematic use of alcohol or total daily alcohol
intake >80 g/d.
=  BMI>40kg/m2.
=  Difficulties or major inconvenience to change dietary habits.
= Impossibility to follow a Mediterranean-type diet, for religious reasons or due to the
presence of disorders of chewing or swallowing (e.g. difficulties to consume nuts).
= A low predicted likelihood to change dietary habits according to the Prochaska and
DiClemente stages of change model 2.
=  History of food allergy with hypersensitivity to any of the components of olive oil or nuts.
=  Participation in any drug trial or use of any investigational drug within the last year.
. Institutionalized patients for chronic care, those who lacked autonomy, were unable to
walk, lacked a stable address, or were unable to attend visits in the Primary Care Health
Centers every 3 months.

= [lliteracy.
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Ll Patients with an acute infection or inflammation (e.g. pneumonia) were allowed to

participate in the study 3 months after the resolution of their condition.
The selection process started extracting names of potential participants from the clinical records.
Medical doctors and the study investigators reviewed the records to assess the eligibility criteria
of the candidates and excluded those participants meeting any of the exclusion criteria.
Potential participants were contacted trough a telephone call or during the routine clinical visits
in order to know if they were interested in participate. A face-to face interview was scheduled. In
the first interview, the characteristics and objectives of the study were explained and the
informed consent was obtained. After the two informed consents signed, for the study
participation and biochemical analysis and for the DNA recollection, participants were
randomized to three equally sized intervention groups (1:1:1 ratio). The random allocation was
centralized. The duration of the first visit was about 30 minutes, which allowed us verifying if the
candidates met all the inclusion criteria. In this screening visit, the inclusion questionnaire and
general questionnaire were completed by the PREDIMED trained personnel.

Intervention

The participants of the PREDIMED Study were randomly and equally assigned (1:1:1) to one of
three intervention groups (Figure 3):

= A Mediterranean type diet supplemented with EVOO (MedDiet + EVOO).

= A Mediterranean type diet supplemented with nuts (MedDiet + nuts).

= Advice to follow a low-fat diet (control group).
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Randomization Intervention period
Cribbage ll l l l l
Baseline 3 months 6 months 9 months

Mediterranean Diet + Nuts III
Mediterranean Diet + Extra Virgin Olive Oil III

I b 3 : I
Group session

Figure 3. Design of the PREDIMED trial

The PREDIMED dietary intervention followed a behavioral strategy focused on promoting a
MedDiet in the two intervention groups, but with any specific recommendations on energy
restriction or physical activity practice in the two intervention groups. The participants in the two
intervention groups with MedDiet received for free, approximately 1 liter per week of EVOO or
30g of mixed nuts (15g of walnuts, 7.5g of hazelnuts, and 7.5g of almonds), depending on the
intervention arm. The free provision of EVOO or nuts in the intervention arm increased the
compliance and the adherence to the intervention. Participants in the control group received free
small non-food gifts (kitchenware, tableware, aprons or shopping bags). Registered dieticians
were responsible for the dietary intervention and they received several training sessions before
and during the trial with experts in nutrition and dietetics education. At baseline and at follow-up
visits, dieticians gave personalized recommendations on dietary changes to the participants in
order to achieve the specific aims of each intervention.

MedDiet intervention groups

Registered dieticians ran individual and group dietary-training sessions at baseline visit and

quarterly thereafter encouraging the adherence to the MedDiet. Trained dieticians provided some
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of the following recommendations to increase the adherence to the intervention, in the two
MedDiet groups:

= Use olive oil as the main fat for cooking and dressing.

=  The consumption of = 2 daily servings of vegetables (at least one of them as uncooked).

= > 2-3 daily servings of fresh fruits (including natural juices).

= >3 weekly servings of legumes.

= >3 weekly servings of fish or seafood (at least one serving of fatty fish).

=  >1 weekly serving of nuts or seeds.

= Select white meats (poultry without skin or rabbit) instead of red meats or processed

meats (burgers, sausages).

=  Cookregularly and dress vegetables, pasta, rice and other dishes (at least twice a week)

with tomato, garlic and onion adding or not other aromatic herbs (sofrito).
On the contrary, dieticians discourage the consumption of cream, butter, margarine, cold cuts,
entrails, carbonated and/or sweetened beverages, pastries, industrial bakery products (such as
cakes, donuts, or cookies), industrial desserts (puddings, custard), French fries or potato chips,
and out-of-home pre-cooked meals. Total fat intake was ad libitum and a high fat intake, as long
as majority derived from fatty fish, olive oil or nuts, was allowed.

Control intervention group

The intervention in the control group was based on giving the participants dietary
recommendations on a low-fat diet according to Third Report of the National Cholesterol
Education Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults (Adult Treatment Panel I1I) 312. The goal was to reduce the intake of all types
of fat, both animal fat and vegetable fat. The dieticians encourage the consumption of low-fat dairy
products, lean meats, cereals, potatoes, pasta, rice, fruits and vegetables and discourage the intake
of red meat and processed meats, fatty fish, sweets and pastry, and also olive oil and nuts, for
being foods which high amounts of fat. The recommendations that the dieticians gave to the

control group were as follows:
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= Use the least possible amount of oil (no more than 2 tablespoons per day) for cooking
and dressing food.

=  Remove all visible fat from meat before cooking and cool soups and broth to remove fat
layer on top before heating.

= Ifyou choose to eat red meat, eat meat cuts low in fat instead of high fat ones such as
beacon, beef and lamb.

. Do not eat butter, margarine, lard or other fat spreads.

. Do not consume fat-enriched dairy products, heavy cream, custard, ice cream and use
instead low-fat dairy products.

. Cook legumes, pasta, rice and potatoes with the least amount of oil and other fats, such
as fatty-meats, cold cuts, beacon, sausages, cracklings, and do not use tomato sauce simmered
with olive oil, garlic and herbs (sofrito).

=  Eatonly lean fish and avoid fatty-fish.

. Avoid eating liver, kidney and entrails in general, fried foods, commercial sauces,
mayonnaise and cooked foods.

. Do not eat sweets and pastry, such as cookies, cakes, pies and muffins.

= Do not eat vegetal fatty foods such as tree nuts (walnuts, hazelnuts, almonds...), peanuts,

sunflower seeds, French fries and other salty snacks.

The dieticians used other strategies in order to increase the compliance of the intervention in the

three arms of the study. Specific personalized objectives taking into account the medical

conditions and preferences of each participants, using the accomplishments in the previous

months as support to provide further empowerment and self-reward, and try to avoid

contradictory dietary advices from other health professionals external to the PREDIMED Study,

are

some examples of it.

Group sessions

Every three months group sessions, of 20 participants as maximum, were scheduled separately

for

every intervention diet (MedDiet + EVOO, MedDiet + nuts or control group). The sessions

included:
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= A briefly recall of the key points that should be followed according to 14-item
questionnaire (MedDiet groups) or 9-items questionnaire (Control group).

= Informative talk and description of the delivered written material (descriptions of 4 to 5
foods typically from each arm of intervention and year season, 1-week shopping list, weekly
plan of meals and recipes).

= (larification of questions regarding the instructions provided.

=  Free provision of EVOO and nuts to the MedDiet intervention groups and non-food gifts
to the control group.

Data assessment

In the PREDIMED study, a general questionnaire about CV risk factors, history of illnesses,
medication use, family history of disease, smoking and alcohol use, educational achievement,
occupation and socio-economic status were administered to the participants at baseline and
yearly during the follow-up. Anthropometric and biochemical evaluations were also performed
and registered in the same questionnaires. Dieticians also completed a validated 14-item
questionnaire of adherence to the MedDiet (Appendix 2) and a quantitative score of compliance
with the control (low-fat diet group), as was detailed before. Yearly, the 14-item questionnaire
was the primary measure used in this study to appraise adherence of participants to the MedDiet.
MedDiet questionnaire was adapted from a previous questionnaire from a Spanish case-control
study for myocardial infraction 313. In addition to the 9 initial items from the original
questionnaire 314, 5 extra items were added to assess adherence to the traditional MedDiet foods
and cooking habits, and this new version of the questionnaire was validated. Dieticians used a
validated 14-item questionnaire in order to give personalized advice on MedDiet during the
individualized visits. The maximum score in the questionnaire was 14 points, and the results
obtained were used to assess the adherence to the MedDiet of the participants and also to focus
the intervention on the points that participants were not following. By the other side, dieticians
used a 9- item quantitative score of compliance with the low-fat control diet to assess and give
personalized advice in order to enhance the adherence to the intervention. Trained dieticians

completed a 137-item semi-quantitative FFQ in a face-to-face interview with the participant, at
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baseline and annually thereafter. The objective of the present questionnaire was to estimate
average daily nutrient intake over the previous 12-month period. It was design to be semi-
quantitative and to evaluate the consumption frequency of the food items on an incremental scale
with nine levels (never or almost never; 1-3 times per month; once per week; 2-4 times per week;
5-6 times per week; once per day; 2-3 times per day; 4-6 times per day; more than six times per
day). This questionnaire has been validated before in elderly population at high cardiovascular
risk from Spain 298. Energy and nutrient intake were estimated using Spanish food composition
tables 299.300_ Physical activity was assessed using the validated Spanish version of the Minnesota
Leisure-Time Physical Activity questionnaire (Appendix 1) 301, A tolerance and side effect
questionnaire was completed in the follow-up visits. Weight (kg) and height (m) were measured
with light clothing and no shoes, using calibrated scales and a wall-mounted stadiometer,
respectively. BMI (kg/m2) was calculated after, using weight and height values. Waist
circumference (cm) was measured midway between the lowest rib and the iliac crest using an
anthropometric tape. Blood pressure was measured using a validated oscillometer [Omron
HEM705CP, Hoofddorp, Netherlands] in triplicate with a 5 minutes interval between each
measurement, and the mean of these three values was considered as the final record.

Blood and urine samples were collected at baseline and years 1, 3, 5 and 7 (or final visit) by
trained personnel. Blood samples were obtained in fasting conditions and plasma glucose, serum
cholesterol, HLD cholesterol, and triglycerides concentrations were determined using standard
enzymatic automated methods. In patients whose triglycerides were less than 400 mg/dl, LDL-
cholesterol concentrations were estimated using Friedewald formula 315. Tubes for EDTA plasma,
citrate plasma, buffy coat and serum were collected and aliquots are kept frozen at -802C.
Participants were considered to be diabetic, hypercholesterolemic or hypertensive if they had
previously been diagnosed as such, and/or they were being treated with antidiabetic, cholesterol-

lowering, or antihypertensive agents, respectively.
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MetS definition

MetS and its features were defined in accordance with the updated harmonized International
Diabetes Federation and the American Heart Association/National Heart, Lung, and Blood
Institute criteria 199.
Participants were considered to have MetS if they present three or more of the following
components:
=  Abdominal obesity for European individuals (288cm and 2102cm in women and men,
respectively).
=  Hypertriglyceridemia (2150g/dL) or drug treatment for elevated TG.
=  Low concentrations of HDL-cholesterol (<40mg/dL in men; <50mg/dL in women) or
drug treatment for low HDL-cholesterol.
=  Highblood pressure (systolic 2130 and/or diastolic 285mmHg) or antihypertensive drug
treatment.

=  High fasting glucose (2100mg/dL) or drug treatment for diabetes.

5.4. Statistical analysis

The studies presented in this work are cross-sectional or observational prospective cohort
analyses within the Liq.In” study, PREDIMED and PREDIMED-PLUS trials. All the analyses were
performed using SPSS statistical software, versions 19.0 and 22.0 (SPSS Inc, Chicago, Illinois) and
JMP version 12.1.0 (SAS Institute Inc., Cary NC, USA). The level of significance for all statistical
tests was set at P <0.05 for bilateral contrast.
In general for all the analyses in order:
=  To compare the differences between continuous variables of the study participants,
ANOVA (parametric test) or the Pearson chi-squared (parametric test) tests for categorical
variables was used.

= To correct for multiple comparisons, the Bonferroni post-hoc test was used.
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=  Toassess the risk of the main outcomes according to categories of exposures, in the cross-
sectionals analysis, logistical regression models, adjusted for different confounders, were
used.

=  Follow-up time was calculated as the interval between the random assignment and date
of the event or the end of follow-up (the date of the last visit or the last recorded clinical event
of participants still alive).

=  To assess the risk (Hazard Ratio [HR]) of the main outcomes (MetS and its components)
according to categories of the exposures, multivariate time-dependent Cox proportional
regression models were used. The models were adjusted for potential confounding variables.
=  To determine linear trend, assigning the median value to each category and using it as a
continuous variable in the various models were assessed.

=  Torepresentthelong-term intake, a mean between all the yearly repeated measurements
of the exposure was performed, and it was used as the mean consumption during the follow-
up.

= The relative validity of the fluid-specific questionnaire was assessed using the
correlational analysis Bland Altman agreement method, and it was compared with Uosm and
24-hour volume. The analysis was adjusted for potential confounders.

=  The repeatability of the fluid-specific questionnaire was examined by paired t-test.

=  The degree of gross misclassification in the fluid-specific questionnaire was evaluated
using contingency tables, comparing quintiles of total water intake and osmolality or 24-hours

urine volume.
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Results

Six published original articles are part of the results of the present doctoral thesis. The specific objectives and corresponding

publications are summarized in Table 1.

Table 1. Objectives and corresponding publications of this doctoral thesis

Objectives

Publications

To assess the repeatability and the relative validity of a new
fluid-specific questionnaire designed to measure habitual
consumption of drinking water and different types of
beverage in Spanish population.

Ferreira-Pégo C, Nissensohn M, Kavouras SA, et al
Beverages intake assessment questionnaire: relative
validity and repeatability. Nutrients. 2016 Jul 30;
8(8):E475. PMID: 27483318.

Impact factor 2015: 3.759

Category and position: Nutrition and Dietetics Q1

To evaluate the total fluid and sugar intake provided by
different types of beverages in Spain.

To assess the percentage of individuals complying with the
EFSA recommendations for total fluid intake and the WHO
recommendations for free-sugars.

Ferreira-Pégo C, Babio N, Fenandez-Alvira JM, et al. Fluid
intake from beverages in Spanish adults; cross-
sectional study. Nutr Hosp. 2014 May 1; 29(5):1171-8.
PMID: 24952000.

Impact factor 2014: 1,040

Category and position: Nutrition and Dietetics Q4

To evaluate the associations between physical exercise
practice or adherence to the MedDiet and the total fluid
intake.

Ferreira-Pégo C, Babio N, Salas-Salvadé ]. A higher
Mediterranean diet adherence and exercise practice
are associated with a healthier drinking profile in a
healthy Spanish adult population. Eur ] Nutr. 2015 Dec 8;
[Epub ahead of print]. PMID: 26646673.

Impact factor 2015: 3.239

Category and position: Nutrition and Dietetics Q2

To evaluate the total fluid intake from beverages in adult
populations from 13 countries in three continents.

Ferreira-Pégo C, Guelinckx I, Moreno LA, et al. Total fluid
intake and its determinants: cross-sectional surveys
among adults in 13 countries worldwide. Eur ] Nutr.
2015 Jun; 54 Suppl 2:35-43. PMID: 26066354.
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To assess the percentage of individuals complying with the
EFSA Al recommendations.

Impact factor 2015: 3.239
Category and position: Nutrition and Dietetics Q2

To describe the intake of drinking water and other type of
beverages in adults from 13 countries in three continents.

To report energy intake from beverages and to assess the
percentage of adults exceeding the WHO recommendations
on free sugars intake.

Guelinckx I, Ferreira-Pégo C, Moreno LA, et al. Intake of
water and different beverages in adults across 13
countries. Eur | Nutr. 2015 Jun; 54 Suppl 2:45-55. PMID:
26072214.

Impact factor 2015: 3.239

Category and position: Nutrition and Dietetics Q2

To examine the associations between the average
consumption of sugar- and artificially sweetened
beverages, and natural and bottled fruit juices and the risk
of MetS.

Ferreira-Pégo C, Babio N, Bes-Rastrollo M, et al. Frequent
consumption of sugar- and artificially sweetened
beverages, and natural and bottled fruit juices is
associated with an increased risk of metabolic
syndrome in a mediterranean population at high CVD
risk. | Nutr. 2016 Jun 29; 146(8):1528-36. PMID:
27358413.

Impact factor 2015: 3.740

Category and position: Nutrition and Dietetics Q1
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6.1. Beverage intake assessment questionnaire: relative validity and
repeatability in a Spanish population with metabolic syndrome from the

PREDIMED-PLUS study.

Ferreira-Pégo C, Nissensohn M, Kavouras SA, Babio N, Serra-Majem L, Martin-Aguila A,
Mauromoustakos A, Alvarez ], Salas-Salvadd ]. Nutrients. 2016;8(8). PMID: 27483318 doi:
10.3390/nu8080475.

Study 1 overview. Novelty and significance.

What is already known?

- Estimating the total fluid intake and the real beverage pattern of a population can be
considered as a big challenge in nutritional epidemiology.

- Several authors assessed the associations between hydration, water or beverages intake and
health or disease, however results in some cases are controversial.

- These controversial results could be due to the differences in the methodology used.

- It is common the use a FFQ or a 24-hour recall, however these questionnaires were designed
mainly to evaluate food and not fluid intake as a whole, underestimating its consumption.
What this study adds?

- The Bland-Altman analysis display a relatively good agreement between total daily fluid
intake assessed using the fluid-specific questionnaire, and Uosm and 24-hours volume (-0.65
and 0.22, respectively [P<0.001]).

- For the osmolality analysis, both of the two methods classified the 66% of the individuals into
the same or adjacent quintile (+ 1 quintile).

- In the 24-hours urine volume analysis, the 58.2% of the individuals were categorized in the
same or adjacent quintile (+ 1 quintile) in both of the two methods.

- In the repeatability analysis, no significant differences in fluid consumption from beverages
were found between baseline and 6 months or 1-year assessments.

Summary

- For the first time, we report that the proposed fluid-specific assessment questionnaire
designed to assess water and other beverages consumption in Spanish adult individuals, was
found to be relatively valid and highly repeatable.

- This easily administered tool may be useful for clinicians and researchers interested in
assessing beverages, patterns and changes in consumption and its influence in health or
disease.
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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 t-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

Nutrients 2016, 8, 475; doi:10.3390/nu8080475 www.mdpi.com/journal /nutrients



UNIVERSITAT ROVIRA I VIRGILIT
ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH
Cintia Sofia Ferreira Pé&go

Nutrients 2016, 8, 475 2o0f 13

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, 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 5. 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,
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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.
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 (SSBs) (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 OMG6050 (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
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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.

SPANISH BEVERAGE INTAKE
e [P bus
predimed” ASSESSMENT QUESTIONNAIRE
Centre P.nki?anl Visit Date

LI LIy Ll | |

Instructions:

Plaase incicate your answer for your Consumpaion 1ast month

For each typs of beverage consumed, indicate the number of mes per day or par week, and with an "X the mament of the day thet you consumed it

For example, f you crank 2 glasses of wine per week with lunch, mark "lunch” in the “moment of the day” column and put @ 2 in "per week” column. If @ drink s consumed every
day, for axample water, indicate how many times “per day” you consumed it. For example: 6 tmes a day.

Do not take into accourt the bquids used in the kitchan or in other cuiinary preparations, such as sauce or homamade dessert

1 you drink coffee with milk, mark it in the category "coffee with mili® and not in the dairy categories.

FREQUENCY OF CONSUMPTION

TIMES MOMENT OF THE DAY
= = o
g, 2. § 3 g | &
15|z |3 |2(39s |84 |22
|2 |2 (g |5 (832|382 |58 |
s |l |8 |2 |S|zal3|z83E |z |2
@ & o 3 % B w a = &
g g £ Z €3
TYPE OF BEVERAGE - | g
Tap water 200 cc
Bottled water (sparkling/ still) 200 cc
Natural fruit juices 200 cc
Bottled fruit juices 200 cc
Natural vegetable juices (gazpacho, tomato, etc.) 200 cc
Bottled vegetable juices (gazpacho, tomato, etc.) 200 cc
Whole mik 200 cc
Semi-skimmed milk 200 cc
Skimmed milk 200 cc
Drinking yogurt 100 cc
200 cc
Milkshakes 200 cc
Vegetable drinks (soy, oat, aimond, etc.) 200 cc
Soups 200 cc
Jellies and sorbets 120 cc
Sugar sweetened 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 (sweetenad) 125 cc
White coffee (unsweetened or sugar-free) 125 cc
200 cc
ned or sugar-free) 200 cc
Other infusions (sweetened) 200 cc
Other infusions (unsweetened or sugar-free) 200 cc
Beer 200 cc
330 cc
Non-aicoholic 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, pina colada, etc.) 200 cc
Energy drinks (Red Bull, Burn, etc.) 200 cc
Sport/ 1sotonic drinks 200 cc
330 cc
Meal replacement 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
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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
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 JMI” version 12.1.0 (SAS Institute Inc., Cary, NC, USA) and with SPSS software,
version 22.0 (SPSS Inc., Chicago, 1L, 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 Men (n = 68) Women (n = 92) p-Value *
(n = 160)

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 (4.7) 0.328
Leisure-time physical activity, METs/week 3123 (2804) 4006 (2945) 2471 (2518) <0.001
Mediterranean diet score, (0-17 points) 9.2 (2.5) 8.5 (2.6) 9.8 (2.3) =0.005
Total energy intake, kcal /day 2229 (551) 2330 (p06) 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, pumol/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 4.4(7) 5.9 (4) 33(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 (1). Abbreviations: BMI, body mass index. * p-Values for
comparisons between groups were tested by Student’s f-test or x? as appropriate.
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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
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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Table 3. Repeatability of the beverage intake assessment questionnaire.

Baseline vs. 6 Months Baseline vs. 1 Year
Beverage Category (mLuEl?ye]h(Zi @) Mean (SD) Mean (SD)
6 Months Differences Nale? 1Year (mL/day)  Differences Vile?  p-Value®

(mL/day) (1=45)  from Baseline pria (n=34) from Baseline  © prialue
Tap water 289(571) 449(657) 62 (413) 0.32 360 (577) -23(502) 0.79 0.389
Bottled water 755 (539) 773 (714) 80 (505) 0.29 813 (612) 125(577) 022 0.905
Natural fruit juices 39(69) 27(54) 1(79) 0.92 28(61) 16(75) 021 0.537
Bottled fruit juices 26(93) 2(52) 7 (46) 0.33 19 (44) 7(29) 0.16 (.880
Natural vegetable juices 6(2) 16.(36) 9(29) 005 109) -1(16) 079 0.073
Bottled vegetable juices 14(69) 4(14) -5(32) 0.25 4(18) -7(#) 0.35 0451
Whole milk 2(9) 3(17) ~16/(89) 02 % (74) 4(129) 086 0284
Semi-skimmed milk 4(81) 67 (126) §(125) 0.67 63(123) 9(131) 0.69 0467
Skimmed milk % (146) 59(107) ~19(145) 038 54(10) ~3%(151) 017 0192
Drinking yogurt (100 cc) 13(32) 10(32) -6(32) 0.23 8(23) —6(25) 0.18 (.765
Drinking yogurt (200 c) 6031) 13 (4) 5(61) 058 10(2) 1(34) 036 0362
Milkshakes 0(2) 0(0) 0(3) 0.32 2(10) 1(11) 0.53 0.289
Vegetable drinks 21(80) 9(39) 5(49) 047 38(1%) B(1) 016 0330
Soups 36(30) 34(35) 0 (45) 0.93 50 (56) 17(52) 0.07 0.144
Jellies and sorbets 2(11) 109) -1(9) 0.61 1(4) -1(7) 0.64 0.594
S5Bs (200 cc) 11(34) 11(38) 3(31) 0.53 7(32) =3(18) 032 0.862
S5Bs (330 cc) §(39) 18.(90) 6(92) 0.68 10(51) 5(54) 0.59 0.707
ASBs (200 o 7(8) 21(118) 11(13) 057 39(158) 37(157) 018 0363
ASBs (330 o) 42(164) 8(32) —54(200) 0.08 18 (45) —61(215) 011 0.292
Espresso sweetened 16 (31) 9(20) -4(31) 0.33 9(18) —4(20) 0.25 0.287
Espresso unsweetened 24(3) 36(39) 7(3) 02 3137) 20) 062 0223
White coffee sweetened 23(63) 5(25) -3 (40) 0.66 4(21) -2(36) 0.69 0.063

White coffee unsweetened 9(31) 3(18) -5(35) 0.32 7(28) 3(36) 0.57 0492
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Table 3. Cont.

Baseline vs. 6 Months Baseline vs. 1 Year
Beverage Category (mLza:;,e)lEe: o Mean (SD) Mean (SD)
6 Months Differences Value? ! Year (mL/day)  Differences Vlye? Value®

(mL/day) (1=45)  from Baseline pialue (n=34) from Baseline P o PrYAle
Tea sweetened 7(29) 2(13) -7(26) 0.09 14 (48) 2(65) 082 0246
Tea unsweetened 25(87) 34(105) 17 (79) 015 19(51) ~2(54) 082 0718
Other infusions sweetened 27 (%) 13 (66) 12(67) 023 17 (55) 15(56) 013 0.646
Other infusions unsweetened 3491 51(107) 14(90) 0.30 54 (139) 12(106) 051 0.613
Beer (200 cc) 18(67) 10(32) —12(68) 024 1(4) -18(71) 013 0.266
Beer (330 cc) 32(91) 47(119) 2(131) 092 26 (66) 6(69) 063 0580
Non-alcoholic beer (200 cc) 5(25) 11(39) -8 (45) 021 5(24) -4(20) 028 0581
Non-alcoholic beer (330 cc) 13 (54) 3(14) 1) 025 2(15) ~11(58) 025 0283
Wine 35(63) 41(68) =7(60) 046 60 (85) 9(55) 035 0257
High alcoholic content beverages 1(3) 1(4) 0(3) 0.66 1(2) 0(3) 026 0.988
Mixed alcoholic beverages 1(6) 0(3) 0(0) - 0(0) 0(3) 032 0.388
Energy drinks 0(0) 0(0) 0(0) - 0(0) 0(0) - -
Sports drinks (200 cc) 0(3) 0(0) 0(4) 032 0(0) 0(0) - 0558
Sports drinks (330 cc) 0(0) 2(13) 2(13) 03 0(0) 0(0) - 0328
Meal replacement shakes 0(0) 0(0) 0(0) - 0(0) 0(0) - -
Other drinks 0(0) 0(0) 0(0) - 0(0) 0(0) - -
Total water intake 1711 (64) 1816 (498) 106 (475) 0.14 1804 (435) 128 (559) 0.19 0477

Data expressed as means (SD).* p-values for comparisons between groups were tested by Student’s t-test; ® p-Values for comparisons between repeated measures were tested by linear
mixed models test.
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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 (1 = 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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CUESTIONARIO DE

pre dimed”™ VALORACION DE INGESTA DE

BEBIDAS

Nodo Visita Fecha

Instrucciones:

Por favor indique su respuesta haciendo referencia al mes pasado
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Agua de grifo 200 cc
Agua embotellada (con/ sin gas) 200 cc
Zumos naturales de frutas 200 cc
Zumos envasados de frutas 200 cc
Zumos vegetales naturales (gazpacho, de tomate, etc.) 200 cc
Zumos ( de tomate, etc.) 200 cc
Leche entera 200 cc
Leche semidesnatada 200 cc
Leche desnatada 200 cc
Lacteos bebibles 100 cc
200 cc
Batidos lacteos 200 cc
Bebidas vegetales (bebida de soja, almendras, avena, etc.) 200 cc
Sopas y caldos 200 cc
| Sorbetes, gelatinas 120 cc
Refrescos 200 cc
330 cc
Refrescos Light /Zero 330 cc
200 cc
Café sélo o cortado (con azucar) 30-50
cc
Café solo o cortado (sin azucar, con/sin edulcorante) 30-50
<c
Café con leche o americano (con azucar) 125 cc
Cafe con leche o americano (sin azucar, con/sin eduicorante) 125 cc
Té (con azicar) 200 cc
Té sin azucar (sin azucar, con/sin edulcorante) 200 cc
Otras infusiones (con azucar) 200 cc
Otras infusiones (sin azucar, con/sin eduicorante) 200 cc
Cerveza, Sidra 200 cc
330 cc
Cerveza sin alcohol o Light 330 _cc
200 cc
Vino (tinto, rosado o blanco), cava 120 cc
Bebidas alcohdlicas de alta graduacion (whisky, ron, vodka, 50 cc
ginebra)
Bebidas alcohdlicas combinadas (cubata, gin-tonic, pifia colada, 200 cc
cocteles, etc.)
Bebidas energéticas (Red Bull, Burn, etc.) 200 cc
Bebidas para deportistas/ isotonicas 200 cc
330 cc
Batidos de hiper 200 cc
Otros (especifique):

Figure S1. The beverage intake assessment questionnaire in Spanish (validated tool).
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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.

(A) Quintiles of Osmolality Adjusted (%)

Quintiles of total

daily water intake (%)

Q1 Q2 Q3 Q4 Q5
Q1 6.4 1.9 2.4 2.4 6.9
Q2 3.1 77 44 2.4 2.4
Q3 2.4 6.3 5.8 3.8 1.8
Q4 3.6 1.8 6.3 6.9 1.3
Q5 2.4 2.4 3.1 4.4 7.7

(B) Quintiles of 24-h Volume Adjusted (%)

Q1 Q2 Q3 Q4 Q5
Q1 8.1 44 5.0 135 13
Q2 3.1 5.0 5.0 3.1 3.8
Q3 2.5 5.0 3.8 5.0 3.8
Q4 1.9 1.3 44 5.0 7.5
Q5 44 44 1.9 5.6 3.8
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Results

6.2. Fluid intake from beverages in Spanish adults: cross-sectional study.

Ferreira-Pégo C, Babio N, Fenandez-Alvira JM, Iglesia I, Moreno LA, Salas-Salvadé J. Nutr Hosp.
2014;29(5):1171-8. PMID: 24952000. doi: 10.3305/nh.2014.29.5.7421.

Study 2 overview. Novelty and significance.

What is already known?

- Water is a natural resource that is essential for life and for human daily nutrition.

- The excess or deficiency of water or other types of beverages intake and its micronutrients
can determine the state of health or disease.

- It is very important to evaluate the fluid intake of a population and to compare it with the
available public health recommendations.

What this study adds?

- We described for the first time the consumption of different types of beverages in a healthy

Spanish population.

- We analyzed the fluid intake by gender, age range and moment of consumption during the
day.

- We report that approximately 50% of the adult population do not cover the total water intake
recommended by the EFSA.

- Approximately 27% of our study population consumed more free sugar than recommended

by the WHO only from beverages (intrinsic or added).

Summary

- Half of the adults studied did not meet the EFSA fluid intake Al values.

- Water was the main fluid consumed.

- Differences in the pattern of fluid consumption were observed between ages and genders.

- A quarter of the population studied consumes from beverages alone, already more sugar than

recommended for the total diet.

-128 -
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Abstract

Introduction: Dietary questionnaires usually only assess
the intake of drinks that provide calories, but do not accu-
rately evaluate total fluid or water intake. The evaluation
of the fluid consumption pattern of a population has been
the main objective of only a very few studies.

Objective: To evaluate the total fluid intake from diffe-
rent types of beverages in Spanish adults.

Methods: A total of 1,262 adults aged 18-70 vears were
randomly recruited from all Spanish regions. The infor-
mation about the gquantity and quality of daily fluid
intake from different types of beverages was collected
using a 24h fluid-specific diary over 7 consecutive days.

Results: 50.4% of the study population had a fluid
intake < 80% of the EFSA recommendations for total
water intake. The odds of meeting the recommendations
of total fluid intake were higher in women [OR: 2.48;
95% CI: 1.81-3.40], and in those with higher leisure-time
physical activity (3-4 times/week [OR: 1.57; 95% CI: 1.01-
2.46]; 5 times/week or more [OR: 1.97; 95%CI: 1.37-
2.83]). Women consumed significantly more hot and sweet
light beverages. However, men consumed significantly
more sweet regular and alcoholic drinks. A significant
higher percentage of young and normal/underweight
subjects exceed the WHO recommendations for free
sugars (> 10% total energy intake) from beverages alone.

Conclusion: Half of the adults studied do not meet the
EFSA fluid intake recommendations. Water is the main
fluid consumed. Differences in the pattern of fluid
consumption were observed between ages and genders. A
quarter of the population studied consumes from beve-
rages alone already more sugar than recommended from
the total diet.
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INGESTA DE LiQ_UIDOS A PARTIR DE BEBIDAS EN
ADULTOS ESPANOLES; ESTUDIO TRANSVERSAL

Resumen

Introduccion: Los cuestionarios dietéticos, solamente
evaliian la ingesta de bebidas caléricas. Sin embargo, no
evaliian adecuadamente la ingesta total de liquidos o de
agua.

Objetivo: Evaluar la ingesta total de liquidos proce-
dente de diferentes tipos de bebidas, en adultos espanoles.

Meétodos: 1.262 adultos (18-70 aios) fueron selecciona-
dos al azar en regiones espaiiolas. La informacién sobre la
cantidad y calidad de la ingesta diaria de liquidos se reco-
gi6é mediante un registro de 24 horas especifico para la
evaluacién de fluidos durante 7 dias consecutivos.

Resultados: La ingesta de agua a partir de diferentes
bebidas estaba por debajo de las recomendaciones de la
EFSA en el 50,4% de la poblacién. La probabilidad de
cumplir las recomendaciones de la EFSA para la ingesta
de agua fue mayor en mujeres [OR: 2.48, IC95%: 1.81-
3.40], y participantes con mayor practica de actividad
fisica (3-4 veces/semana [OR: 1,5, IC95%: 1.01-2.46]; 5 o
mis veces/semana [OR: 1.97, 1C95%: 1.37-2.83]). Las
mujeres consumian miis bebidas calientes y refrescos
light. El consumo de refrescos regulares y de bebidas
alcoholicas fue mayor en los hombres. Un mayor porcen-
taje de hombres, jovenes y participantes con IMC < 30
kg/m® consumian azicar procedente de bebidas, por
encima de las recomendaciones de la OMS.

Discusion: La mitad de la poblacién estudiada no cum-
ple las recomendaciones de la EFSA para la ingesta de
fluidos. El agua embotellada o del grifo es la principal
bebida consumida. Existen diferencias en el consumo de
bebidas en relacion a la edad y género. Una cuarta parte
de la poblacion estudiada consume un exceso de azacar
procedente de las bebidas.

(Nutr Hosp. 2014:29:1171-1178)
DOI:10.3305/nh.2014.29.5.7421

Palabras clave: Ingesta de liquidos. Espana. Bebidas.
Agua. Adulros.
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Introduction

Water is a natural resource that is essential for life
and for human daily nutrition'. Total body water repre-
sents between 50% and 70% of total body weight*?, and
is therefore the greatest component of the human body*.
Body water is essential for the physiological processes
of digestion, absorption, metabolism and elimination of
non-digestible metabolic wastes, and also for the struc-
ture and function of the circulatory system. It also trans-
ports nutrients and other body substances, and directly
helps to maintain body temperature®.

It is assumed that the contribution of food to total water
intake is approximately 20%, whereas fluids, including
tap and bottled water and other types of beverages, pro-
vide 80%*. Fluids provide not only water but also miner-
als and other nutrients. For example, water, especially
natural mineral water, may provide calcium, magnesium
and sodium; tea provides flavonoids, antioxidants and a
few micronutrients, and milk provides proteins, calcium
and vitamins. In fact, some fluids can provide micronu-
trient levels comparable with those of some natural
foods’. The excess or deficiency of these compounds pro-
vided by different types of beverages can determine the
state of health or disease. For example, a meta-analysis in
2010 demonstrated that a high consumption of sugar-
sweetened beverages is associated with the presence of
type Il diabetes and metabolic syndrome, in part because
of their contribution to weight gain®.

Estimating the total fluid intake and real beverage pat-
tern of a population is a real challenge to nutritional epi-
demiology. Dietary questionnaires are given to assess
food intake but not to assess fluid consumption as a whole,
because they usually focus only on the intake of solid
foods and drinks providing calories. For this reason and
because fluids are often consumed outside mealtimes, and
are not perceived as a food, fluid intake tends to be under-
estimated’'?. This may explain the important intra and in-
ter-individual differences observed in the amount and pat-
tern of fluid intake in different populations*'*'%. For
example, data collected by the same method showed that
the main sources of fluid intake are water, sugar-sweet-
ened beverages and hot drinks in Canadian's, Mexican'™'®
and United Kingdom populations', respectively. The
main aim of the present study is to evaluate the total fluid
and sugar intake provided by different types of beverages
in Spain, to assess the percentage of individuals com-
plying with the EFSA recommendations for total fluid in-
take and the WHO recommendations for sugars coming
from total diet, and to assess the associated determinants
of the total fluid intake in adult individuals.

Methods

Design and study population

The present study is a cross-sectional analysis of
Spanish data, designed to assess the sources of fluid

consumption, from water to different types of beve-
rages, and the association of this consumption with
lifestyle and health. The study took place between
march and may 2012, and 1,502 participants were ran-
domly recruited from a database of voluntary indivi-
duals for population surveys after they had been strati-
fied by age, gender, region (except Ceuta, Melilla and
Canary Islands), habitat (rural or urban), educational
and socioeconomic level.

Participants working in advertising, marketing, mar-
ket research, media or manufacture, distribution and
sale of different types of beverages, participants repor-
ting a mean fluid intake below 0.4 L or higher than 6 L
daily, and those participants that did not complete the
fluid intake record were excluded (n = 240). So, the
effective sample size for these analyses was 1,262 par-
ticipants, all of whom provided informed consent.

Assessment of fluid intake

A fluid-specific record was provided to all partici-
pants so that they could collect information on their
usual intake of fluids over 7 consecutive days. The data
were collected at two different times: a first interview
at home, when the record was delivered and explained,
and a second visit after 7 days, when the completed
questionnaire was collected after the interviewer had
checked it with the participants. The record asked par-
ticipants when they consumed fluids during the day,
what beverages they consumed and in what volumes
using standard portion sizes (one standard serving, cup,
glass, can, bottle, etc). Sugar from beverages was cal-
culated using updated Spanish food composition ta-
bles®. The addition (by hand) of sugar to each beverage
was also evaluated and participants were asked to state
the number of teaspoons used. The total sugar provided
by beverages was calculated as the sum of the amount
contained in the beverage and added by the participant.

There were eleven possible responses to the question
“moment of fluid consumption™: Just after you wake
up, at breakfast, during the morning, just before the
lunch, at lunch, during the afternoon, just before din-
ner, at dinner, after dinner, just before going to bed,
during the night. The intake of fluid outside the main
meals at whatever time was regarded as being different
from breakfast, lunch and dinner.

The questionnaire items on beverages included: wa-
ter (tap water, filtered tap water, natural mineral water,
sparkling natural mineral water, flavoured water, water
from a fountain); hot beverages (coffee, white coffee,
espresso with a drop of milk, cappuccino, tea, beve-
rages made from cereals, other infusions and hot beve-
rages); milk and milk derivates (milk, milkshakes,
milkshakes with juice, liquid yogurt, other milk
drinks); juices (home-made juice, bottled juice, nec-
tars, nectar without added sugar, other fruit drinks);
sweet regular beverages: carbonated soft drinks (cola,
orange, lemon, bitter, tonic water, other flavours) non-
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carbonated soft-drinks (orange, lemon, sports drinks,
energy drinks, regular iced tea, other flavours), other
sugared soft drinks; sweet light beverages: diet carbo-
nated soft drinks (cola, orange, lemon, other flavours),
diet non-carbonated soft drinks (orange, lemon, diet
iced tea), other diet soft drinks; and alcoholic drinks
(beer, alcohol-free beer, lemon beer, wine, wine with
soda, alcoholic mixed drinks, other alcoholic drinks).

The percentage of individuals who did not follow the
recommendations of the European Food Safety
Agency (EFSA) for total water intake was calculated.
The EFSA recommends that men should have a total
water intake of 2.5 L every day and women 2 L. This
water can come from food but also from different types
of beverage. As foods usually contribute about 20% of
water intake, the EFSA recommendations for total fluid
intake in men is 2 L/day and women 1.6 L/day of be-
verages, of which preferably water’', since water is the
preferred beverage to fulfil daily water needs accor-
ding to a guidance system in the United States’.

Assessment of other variables and lifestyle factors

Leisure-time physical activity of more than thirty
minutes a day was evaluated with a self-reported ques-
tionnaire. There were four possible responses: five
times a week or more, between three and four times a
week, between once and twice a week, and once every
two weeks or less. In addition, variables such as marital
status, socioeconomic characteristics, region. habitat
(urban or rural) and education level were also assessed.
The Institute of Medicine (IOM) equations were used to
estimate the total energy expenditure of each indivi-
dual®, so that the percentage of individuals consuming
more than 10% of energy requirements as free sugar, as
recommended by WHO, could also be calculated®.

Assessment of body composition

Height in metres (m) and weight in kilograms (kg)
were evaluated with a self-reported questionnaire.
With these values, body mass index (BMI) was calcu-
lated in kg/m?.

Statistical analysis

All the data are presented either as means and 95%
confidence intervals (CI) for continuous variables or
numbers and percentages for dichotomous variables.
We compared the distribution of the selected characte-
ristics between groups using 2 tests for categorical vari-
ables or Student’s t-tests or analysis of variance (ANO-
VA), as appropriate, for continuous variables. The
Bonferroni post-hoc test was used to correct for multi-
ple comparisons. The odds ratio for meeting the EFSA
recommendations or not for water intake (dependent

variable) was assessed for several variables by logistic
regression models adjusted for gender, age (years),
body mass index (kg/m?), socioeconomic characteris-
tics (lower and middle-low, middle, upper-middle and
high), habitat (5,000-30,000 inhabitants, 30,000-
200,000 inhabitants, more than 200,000 inhabitants),
educational level (primary education, secondary educa-
tion, high education) and leisure-time physical activity
(once every 2 weeks or less, once or twice per week, 3-4
times/week and = 5 times/week). All statistical tests
were two-tailed and the significance level was set at P <
0.05. All analyses were performed using the SPSS soft-
ware version 19.0 (SPSS Inc, Chicago, IL).

Results

A total of 1,262 participants (630 men and 632
women) took part with a mean age of 43 years and re-
cruited from all over Spain (except Ceuta, Melilla and
the Canary Islands). There were no significant diffe-
rences in the proportion of individuals in different age
categories, region, type of habitat and educational level
between the study sample and the Spanish population
as a whole. No gender differences were observed in the
prevalence of age categories, type of habitat or educa-
tion level. The baseline characteristics of participants
are summarized in table I. The body-mass-index and
the proportion of individuals with overweight or obesi-
ty was higher in men than in women. Most of the study
population were of middle socioeconomic status and
secondary educational level, and reported low leisure-
time physical activity. Women were more sedentary
than men.

The mean volume consumed of water (tap water, fil-
tered tap water, natural mineral water, sparkling mine-
ral water, flavoured water and fountain water) was
1,011 ml/day for the whole population (1,050 ml for
women and 973 ml for men). Water intake from diffe-
rent types of beverages was below the EFSA recom-
mendations (1,600 ml/d for women and 2,000 ml/d for
men) in 50.4% of the whole population (41.6% of
women and 59.2% of men). In total, 40.3% of the study
population (31% of the women and 49.5% of the men)
consumed < 90% of EFSA recommended for total fluid
intake. 20.1% of the whole population (20.9% of the
women and 19.4% of the men) consumed between 90
and 110% of the total EFSA recommendations, and
39.6% of whole population (48.1% of the women and
31.1% of the men) consumed > 110% of the EFSA re-
commendations (P < 0.001) (data not shown).

The odds of meeting the EFS A recommendations for
water intake (table IT) was higher in women [OR: 2.48;
95% CI: 1.81-3.40], and in participants with higher
leisure-time physical activity (3-4 times a week [OR:
1.57:95% CI: 1.01-2.46]: 5 times a week or more [OR:
1.97;95% CI: 1.37-2.83].

Table IIT shows the total daily fluid intake and the
amount of each type of beverage consumed according

Fluid intake from beverages in Spanish
adults; cross-sectional study
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Table I
General characteristics of the study population

Baseline variables All population (n = 1,262) Women (n = 632) Men (n = 0630) P value®
Age, years 43 (41.9,43.5) 43 (41.5,43.7) 43(41.8,43.7) 0.74
Age categories,% (n) 0.76
18 to 35 years 34 (431) 33(212) 35(219)

36 to 50 years 35 (447) 37(233) 34(214)

51 to 65 years 24 (305) 24 (149) 25(156)

66 to 70 years 6(79) 6 (38) 6(41)

BMI, kg/m? 25.6(25.4,25.8) 25.1(24.7,25.4) 26.1(25.8.26.4) <0.001
BMI classification, % (n)" <0.001
Under and normal weight 51(638) 58 (367) 43(271)

Overweight 36(453) 28 (177) 44 (276)

Obesity 13(171) 14 (88) 13 (83)

Region, % (n) 0.99
Region 1 (Catalonia/Aragon) 12 (156) 12(76) 13 (80)

Region 2 (east) 18 (226) 18(116) 17(110)

Region 3 (south) 20(251) 19 (122) 20(129)

Region 4 (centre) 7(87) 7(45) 7(42)

Region 5 (north-centre) 8(98) 8(48) 8 (50)

Region 6 (northwest) 9(115) 10 (60) 9(55)

Barcelona and Madrid 26(329) 26(165) 26 (164)

Habitat, % (n) 0.27
5.000 to 30,000 inhabitants 31(389) 31(197) 30(192)

30,000 a 200,000 inhabitants 36 (450) 37 (236) 34(214)

More than 200,000 inhabitants 33 (423) 32(199) 36 (224)

Socioeconomic level, % (n) 0.004
Lower and middle-low 31 (391) 34(215) 28 (176)

Middle 44 (552) 45(281) 43(271)

Upper-middle and high 25(319) 22(136) 29(183)

Educational level, % (n) 0.06
Primary education 17(217) 17 (104) 18(113)

Secondary education 64 (803) 67(421) 61 (382)

Higher education 19 (242) 17 (107) 21 (135)

Leisure-time physical activity, % (n) <0.001
1 time every 2 weeks or less 41(521) 48 (301) 35(220)

1-2 times a week 20 (246) 16 (100) 23 (146)

3-4 times a week 15(191) 12(78) 18(113)

5 times a week or more 24 (304) 24 (153) 24 (151)

Data expressed as means (95% CI) or percentages (n). Abbreviations: BMI, body mass index. P values for comparisons between groups were test-

ed by Student’s t-test or %* as appropriate.

"BMI (kg/m?) was divided into the following categories: underweight and normal weight (BMI < 24.9 kg/m?), overweight (BMI between 25-30

kg/m?), and obesity (BMI > 30.0 kg/m?).

to gender. Women consumed significantly more hot
and sweet light beverages than men. Consumption of
sweel regular beverages and alcoholic drinks was sig-
nificantly higher in men than in women. No significant
differences were observed for total fluid intake or wa-
ter intake between genders.

Total fluid intake and beverage consumption ac-
cording to age ranges are shown in table I'V. Younger
participants (18-35 years) consumed fewer hot beve-
rages, more fruit juices and more sweet regular beve-
rages than others age categories (P < 0.05). Participants
aged between 51-65 years consumed significantly
more alcoholic drinks than younger participants. There
were no significant differences in total fluid intake or
water intake between age categories.

The total daily intake of different types of beverage
and when they were consumed (during the main
meals/outside the main meals) are described in table V.
No significant differences were observed in the times
at which water and juices were consumed throughout
the study population for either women or men.

The consumption of hot beverages, sweet regular
beverages, and alcoholic drinks was significantly
higher during the main meals than at other times of
the day. During the main meals —for the whole popu-
lation and women, but not for men—, the intake of
sweet light beverages, and milk and derivates was sig-
nificantly greater than at other times. In both genders,
total fluid intake was significantly higher during the
main meals.
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Table IT
Association (Odds ratio) between compliance with EFSA recommendations for total daily fluid intake

and several socio-demographic variables

Variables

All population (n = 1,262)

Women (n = 632)

Men (n =630)

Gender*

Age

BMI

Habitat

5,000 to 30,000 inhabitants
30,000 to 200,000 inhabitants
More than 200,000 inhabitants
Socioeconomic level

Lower and middle-low
Middle

Upper-middle and high
Educational level

Primary education
Secondary education

Higher education
Leisure-time physical activity
1 time every 2 weeks or less
1-2 times a week

3-4 times a week

5 times a week

2.48 (1.81-3.40)
0.99 (0.98-1.00)
0.99 (0.96-1.03)

1 (ref)
1.30(0.91-1.85)
0.71 (0.48-1.05)

1 (ref)
1.12(0.76-1.64)
1.22(0.75-1.99)

1 (ref)
0.92(0.57-1.15)
1.06 (0.56-1.99)

1 (ref)
0.91(0.57-1.43)
1.58(1.01-2.46)
1.97 (1.37-2.86)

0.99(0.98, 1.01)
1.00 (0.96-1.05)

1 (ref)
1.31 (0.84-2.04)
0.63 (0.38-1.05)

1 (ref)

1.04 (0.65-1.67)

1.33(0.73-2.44)
1 (ref)

0.97 (0.53-1.78)

1.38 (0.62-3.09)

I (ref)
0.98 (0.55-1.74)
1.24 (0.68-2.25)
1.85(1.18-2.89)

0.99 (0.97-1.01)
1.05 (0.98-1.12)

1 (ref)
1.35(0.73-2.49)
0.83 (0.43-1.60)

1 (ref)
1.16(0.59-2.29)
1.01 (0.43-2.40)

1 (ref)
0.90(0.41-1.98)
0.81(0.28-2.34)

1 (ref)
0.85(0.39-1.86)
2.13(1.05-4.32)
2.28(1.19-4.36)

Data expressed as ORs (95% CI). *Gender was coded as O for men and 1 for women.

Table I11
Total daily consumption of different types of beverage (ml/day) in all population and stratified by gender

Variables All population (n = 1,262) Women (n =632) Men(n=630) Pvalue®
‘Water 1011 (973, 1049) 1050 (997, 1103) 973 (918, 1027) 0.05
Hot beverages 305 (290, 320) 349 (327,371) 261 (242,279) <0.001
Milk and derivates 103 (92, 114) 94 (83, 106) 111(93,129) 0.14
Juices 94 (84, 104) 88 (77,99) 101 (85, 117) 0.20
Sweet regular beverages 152 (136, 167) 128 (111, 145) 176 (150, 201) 0.003
Sweet light beverages 38 (28.48) 50(35,64) 26(12,40) 0.02
Alcoholic drinks 195 (176, 215) 103 (86, 121) 288 (255,320) <0.001

Beer and wine 179 (161, 197) 93 (76, 109) 265 (234,297) <0.001

Spirit drinks 16(13,19) 10(6, 14) 22(17,27) <0.001
Total daily fluid volume 1901 (1856, 1946) 1865 (1804, 1927) 1937 (1872,2003) 0.12

Data expressed as means (95% CI). *P values for comparisons between gender were tested by Student’s t-test.

When stratified by BMI, obese participants con-
sumed more hot beverages and less milk and milk de-
rivates than participants from the other BMI categories
(P < 0.05). Overweight individuals consumed more al-
coholic drinks than those with obesity or normal
weight (P < 0.05) (data not shown).

The whole population consumed a total of 46.7 g/d
(187 kcal/d) of sugar added by hand and contained in
beverages, men consumed 52 g/d (208 kcal) and
women 41.2 g/d (165 kcal) (P <0.001).

The consumption of calories from sweet regular
beverages (48.5 kcal in women; 67.4 kcal in men) and
alcoholic drinks (13.4 kcal in women; 32.9 kcal in
men) was significantly higher in males than females.
No significant differences between genders were found
for the other beverages (data not shown).

Table VI shows the percentage of participants who
consumed more sugar than is recommended by WHO™
only from beverages (less than 10% of the estimated
energy requirements). Younger participants and people
with normal or underweight more frequently consume
sugar over the recommendations (P < 0.001) than old
individuals or people with overweight. Compared to
men, a higher percentage of women consumed sugar
above the recommendations (P = 0.08).

Discussion
The main objective of the present pioneering study is

to estimate the total fluid intake and the real fluid pat-
tern of a large sample of Spanish individuals. We re-

Fluid intake from beverages in Spanish
adults; cross-sectional study
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Table IV
Total daily consumption of different types of beverages (ml/day) stratified by age range

Variables 18-35 years (n=431) 36-50years(n=447) 51-65 years(n=305) 66-70 years(n=79) P value
‘Water 1037 (972, 1102) 1019 (953, 1084) 958 (884, 1032) 1036 (867, 1204) 0.46
Hot beverages 224(202, 247) 330 (305, 350)° 370 (340, 399) 352 (297, 407) < 0.001
Milk and derivates 141 (117, 165)" 89 (73, 104) 76 (60, 93) 76 (42, 110) < 0.001
Juices 117 (101, 134)° 96 (76, 115) 64 (50, 79) 76 (45, 107) 0.001
Sweet regular beverages 233 (199, 266)" 144 (121, 168) 71 (49,92)¢ 79 (30, 104)° < 0.001
Sweet light beverages 53(35.71) 38(25,52) 23(0,49) 8(0,17) 0.07
Alcoholic drinks 140 (116, 164)" 200 (168, 231) 271 (220, 322) 181 (120, 242) < 0.001
Beer and wine 113(92,135)" 189 (159, 220) 257 (207, 306)¢ 179 (118, 197) < 0.001
Spirit drinks 26(19,33)" 10 (6, 14)° 14 (8, 20)° 2(0,5) <0.001
Total daily fluid volume 1948 (1867, 2028) 1919 (1843, 1994) 1836 (1749, 1923) 1798 (1626, 1970) 0.18

Data expressed as means (95% CI). *P values for comparisons between groups were tested by bivariate analysis of variance (ANOVA) followed by

post hoc tests with the Bonferroni correction.

P < 0.05 for differences between letters (" versus © and * versus ©).

Table V
Total daily intake of different types of beverages (ml/day) by moment of consumption

All population (n = 1,262)

Women (n =632} Men(n=630)

Variables During the mainmeal  Outside the mainmeal ~ Pvalue'  During the mainmeal  Outside the mainmeal — Pvalue'  During the main meal  Outside the mainmeal P value’
Water 503(481,525) S08(479,536) 0.78 513(484,543) 536(495,577) 0.37 492 (460, 525) 480 (440, 520) 0.60
Hot beverages 173(164,182) 1310121, 141) <0001 186/(174,198) 163(147,179) 0.01 160(147,173) 10088, 111) <0.001
Milk and derivates 59(52,65) 44(36,52) 0.003 55(46.63) 39(32.47) 0.005 62(52,72) 48(34,62) 0.09
Juices 48(42,55) 45(39,51) 044 43(35,51) 45(37,52) 0.71 54(43,66) 46(37,55) 0.18
Sweel regular beverages  103(91,114) 49(42,56) <0001 90(75105) 38(31,45) <0.001 116(97,134) 60(47.72) <0.001
Sweet light beverages 25(18,31) 12(7,18) <0001 34(23,45) 15(9,20) <0.001 15(9,21) 10(1,20) 0.24
Aleoholic drinks 108 (96, 120) 87(76,98) 0,001 60(49,72) 43(34,52) 0.002 156(136,177) 131(112,150) 0.03
Beer and wine 106(95,118) 72(62,82) <0.001 59(47,70) 33(25,41) <0.001 154(134,175) 111(93,128) <0.001
Spirit drinks 1(1,2) (11,17 <0.001 1(0,2) 9(3,12) <0.001 2(0.3) 20(15,24) <0.001
Total daily fluid volume 1022 (1000, 1044) 879(844,914) <0001 984 (955, 1013) 881(832,929) <0001 10591027, 1092) 877(826,928) <0.001

Data expressed as mean (95% Cl). *P values for comparisons between during and outside meals were tested by Student’s t-fest.

Tabla VI

Participants exceeding the WHO recommendation of
< 10% energy from free sugar, from beverages

consumption
n % Pvalue

Gender
Women (n = 632) 185 29.3 0.08
Men (n = 630) 156 249
Age, categories
18-35 years old (n=431) 164 381  <0.001
36-50 years old (n =447) 122 27.3
51-65 years old (n = 305) 47 15.4
66-70 years old (n=79) 9 11.4
BMI, categories
Under and normal weight (n =638) 204 32 <0.001
Overweight (n=453) 101 223
Obesity (n=171) 37 21.6

P values for comparisons between groups were tested by Student’s
t-test or ¥* as appropriate. * Sugar recommendations: < 10% of the

daily energy intake®.

port for the first time that approximately half of the
adult population do not cover the total water intake re-
commended by the EFSA?'.

Our results are in agreement with the data collected
by the EFSA” evaluating fluid consumption in 13 Euro-
pean countries and which show that only Denmark and
Germany consumed a mean of at least two liters of wa-
ter per individual from all types of beverages. Our fin-
dings also add new knowledge to the current scientific
literature made by other research’'**, showing that a
considerable proportion of Spanish adults do not have a
healthy fluid consumption pattern.

Interestingly, in our study compliance with recom-
mendations for total fluid intake was mainly associated
with physical activity and with being a woman, but not
with education, socioeconomic status or type of habitat
(rural or urban). The higher compliance with recom-
mendations for total fluid intake by people who prac-
tice physical activity is partly due to the fact that they
tend to drink more as they have increased fluid de-
mands>?*, The social determinants of the consumption
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of water and other types of beverage may explain why
women tend to comply more with recommendations
for total fluid intake. In fact, women tend to have a bet-
ter lifestyle pattern® and, in general, adults with a
healthier dietary pattern usually have a healthier fluid
pattern, which leads to greater water consumption.

In the present study, fluid consumption was assessed
with a 24 h fluid-specific diary over 7 consecutive days.
Not only did it assess the type and amount of fluid in-
gested, but also the times at which beverages were con-
sumed and the amount of sugar added by hand to drinks.
The same methodology was used in a French study, and
both studies found that water consumption represented
more than 50% of the total daily fluid intake in all age
groups and in both genders®. This is important because
plain water is regarded as the healthiest option for hy-
dration, and increasing water consumption is a recom-
mended strategy for reducing energy intake™.

Total fluid intake in our study was non-significantly
higher in men than in women. This is in agreement with
other studies evaluating fluid intake in other popula-
tions*'"'*. However, in our study, the percentage of
women who met the EFSA recommendations was
higher than the percentage of men (58.4% of women,
but only 40.8% of men).

Several of our findings about the pattern of fluid
consumption in our population deserve comment. Men
generally consumed more of all type of beverages with
some exceptions: for example, total water (tap water or
mineral water), hot beverages and sweet light beve-
rages, all without or few calories. These finding have
also been observed in other populations®, which sug-
gests that women are more aware of the need to con-
sume fewer calories in the form of drinks to avoid over-
weight or obesity*#. Age is also an important
determinant of the general fluid pattern. As in other
studies'***, the mean total fluid intake in our study
progressively decreased as age increased. This can
probably be explained by a decrease in the perception
of thirst with age®*, but social determinants cannot be
discounted. The type of fluid consumed also changed
with age. The intake of milk, juices, and sweet beve-
rages (regular or light) decreased with age, whereas the
intake of hot beverages increased. The decrease in the
mean milk intake observed in our population may be
partly due to the fact that the percentage of individuals
with lactase deficiency is higher in elderly people®-*,

As reported in other studies in adults and seniors®7,
more beverages were consumed during the main meals
than at other times of the day. For example, Bellisle® re-
ported that fluids were consumed more at breakfast,
dinner and lunch than at other secondary meals. In our
study only spirits were consumed more outside the main
meals, and water was consumed in similar amounts.

Beverages can account for a substantial share of dai-
ly calories. Most of these calories come from sweet
regular beverages, alcohol drinks, milk and milk de-
rivates, and juices'®. Approximately 27% of our study
population consumed more sugar than recommended

by the WHO (> 10% of the total daily calories) only
from the sugar in beverages (intrinsic or added)*.
These results are alarming if it is taken into account that
other studies show that an excessive consumption of
calories from sugar has unhealthy effects®***,

Several potential limitations of our study deserve
comment. The main limitation is that our population is
probably not representative of the general Spanish po-
pulation because individuals were randomly recruited
from a database of volunteers for population surveys.
Despite this, the final distribution of the individuals
studied among age groups, gender, region of Spain and
educational categories is very similar to the real distri-
bution of the population in Spain. The second limitation
has to do with the cross-sectional design of the study,
which means that no conclusions about cause/effect re-
lationships can be drawn. Third, the fact that anthropo-
metric measures were self-reported and not measured
may produce some systematic bias. Finally, the 24 h
fluid-specific diary over 7 consecutive days must be
validated in the future with gold standard methods, so
that total fluid intake can be reliably assessed.

One of the strengths of this study is that it uses a 24 h
fluid-specific diary over 7 consecutive days that allows
to assess the total fluid intake and real fluid pattern. Also,
the population was randomly recruited using the quota-
based sample method from a database of volunteers for
population surveys, which led to a large representative
sample of Spanish adults in relation to the stratum con-
sidered*. Moreover, this report is the first specific de-
scription of total fluid intake in Spanish adults.

Total beverage consumption and types of beverage
consumed showed some differences between genders
and age groups. Approximately half of the Spanish po-
pulation does not meet the EFSA recommendations for
total fluid intake. Water is the main beverage con-
sumed, but a significant amount of dietary calories are
provided by other beverages. A quarter of the studied
population consume more sugar from beverages than is
recommended by the WHO (> 10% of total daily calo-
ries)?. There is enough evidence to prove that replacing
sweet drinks by water has beneficial effects on health™+!
so it is imperative to promote the consumption of water,
especially in children, parents and educators, and also
elderly people, and limit the intake of sugar from bever-
ages in Spain. Longitudinal studies should be carried
out in various populations to determine the chronic con-
tribution of fluid consumption to health.

Aknowledgements

The data about beverage intake were collected by TNS,

Conflict of interests

Funding for this investigation was provided by a re-
search grant from AGUAS FONT VELLA Y LAN-

Fluid intake from beverages in Spanish
adults; cross-sectional study

Nutr Hosp. 2014:;29(5):1171-1178 1177



UNIVERSITAT ROVIRA I VIRGILI

ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH

Cintia Sofia Ferreira Pé&go

JARON S.A. None of the funding sources played a role
in the analysis of data, interpretation of results or in the
decision to submit the manuscript for publication. Cin-
tia Ferreira-Pégo. Juan Miguel Fendndez-Alvira or Iris
Iglesia reports any conflicts of interest. Jordi Salas-Sal-
vadé and Luis A. Moreno are members of the Scientific
Committee of Danone Institute (Spain). Jordi Salas-
Salvadé, Luis A. Moreno and Nancy Babio have re-
ceived consultancies from Danone S.A.

References

. Martinez Alvarez JR, Villarino Marin AL, Polanco Allué I et al.
Recomendaciones de bebida e hidratacién para la poblacién es-
panola. Nurr Clin Dier Hosp 2008; 28: 3-19.

2. Sawka MN, Cheuvront SN, Tii RC. Human Water Needs. Nutr

Rev 2005: 63 (6): S30-S39.

3. Chumlea WC. Guo S8, Zeller CM. Reo N V, Siervogel RM. To-
tal body water data for white adults 18 to 64 years of age: the Fels
Longitudinal Study. Kidney Int 1999; 56 (1): 244-52.

4. Ma G, Zhang Q. Liu A, et al. Fluid intake of adults in four Chine-
se cities. Nutr Rev. 2012:70(s2):5105-5110.

5. Iglesias Rosado C, Villarino Marin AL, Martinez JA et al. Im-
portancia del agua en la hidratacién de la poblacién espanola: do-
cumento FESNAD 2010. Nurr Hosp 2011: 26 (1): 27-36.

6. Le Bellego L, Jean C, Jiménez L, Magnani C, Tang W, Boutrolle
I. Understanding Fluid Consumption Patterns to Improve
Healthy Hydration. Nutr Today 2010: 45 (Sup.): S22-526.

. Popkin BM, Armstrong LE, Bray GM, Caballero B, Frei B, Willett
WC. A new proposed guidance system for beverage consumption
in the United States. Am J Clin Nutr 2006; 83 (3): 529-42.

. Malik VS, Popkin BM, Bray GA, Després I-P., Willett WC, Hu
FB. Sugar-Sweetened Beverages and Risk of Metabolic Syndro-
me and Type 2 Diabetes A meta-analysis. Diabetes Care 2010;
33(11):2477-83.

9. Le Bellego L, Jean C, Jiménez L., Magnani C, Tang W, Boutrolle
I. Understanding fluid consumption patterns to improve healthy
hydration. Nutr Today 2010; 45 (6): S22-5826.

10. Han E, Powell LM. Consumption patterns of sugar-sweetened be-
verages in the United States. J Acad Nutr Dier 2013; 113 (1): 43-53.

11. Vergne S. Methodological aspects of fluid intake records and
surveys. Nutr Today 2012. p. 7-10.

12. Nissensohn M, Ruano C, Serra-Majem L. Validation of beverage
intake methods vs. hydration biomarker; a short review. Nutr
Hosp 2013: 28 (6): 1815-9.

13. Eyzaguirre Maraver F, Salas-Salvaddé J. Estudio Bahia 2008: ba-
rémetro de la hidratacién de la poblacién espaiiola. Organo Of la
Soc Espanola Nefrol 2010: 30 (2): 220-6.

14. Manz F, Johner SA, Wentz A, et al. Water balance throughout
the adult life span in a German population. Br J Nurr 2012; 107
(11): 1673,

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

16. Garriguet D, Beverage consumption of Canadian adults. Heal
Rep 2008; 19 (4): 23-9.

17. Barquera S, Hernandez-Barrera L. Tolentino ML et al. Energy
intake from beverages is increasing among Mexican adolescents
and adults. J Nurr 2008: 138 (12): 2454-61.

18. Barquera S. The Mexican Experience. Nutr Today 2010; 45
(Supl.): S18-521.

19. Gibson S, Shirreffs SM. Beverage consumption habits “24/7"

among British adults: association with total water intake and

energy intake. Nutr J2013: 12 (1): 9.

~l

oo

20.

»

22,

23.

24.

25.
26.

27.

28.

29.

30.

3

33.

34.

[
o

36.

37.

39.

40.

4

1178 Nutr Hosp. 2014:29(5):1171-1178

Farran A, Zamora R, Cervera P. Tablas de composicion de ali-
mentos del CESNID. Universitat de Barcelona; 2004.

. Agostoni C V, Bresson JL, Fairweather-Tait S et al. Scientific

opinion on dietary reference values for water. EFSA J 2010; 8
(3).

‘World Health Organization. Human energy requirements: report
of a joint FAO/WHO/UNU Expert Consultation, Rome 17-24
October 2001, Food Agric Organ United Nations, Rome. 2004,
‘World Health Organization. Diet, nutrition and the prevention of
chronic diseases. WHO Tech Rep Ser 2003, p. 916.

Nissensohn M, Castro-Quezada I, Serra-Majem L. Beverage and
water intake of healthy adults in some European countries. /nr J
Food Sci Nurr 20135 (0): 1-5.

Latzka WA, Montain SJ. Water and electrolyte requirements for
exercise. Clin Sports Med 1999: 18 (3): 513-24.

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

Zazpe I, Sdnchez-Tainta A, Toledo E, Sdnchez-Villegas A, Mar-
tinez-Gonzilez MA. Dietary patterns and total mortality in a Me-
diterranean cohort: the SUN project. J Acad Nutr Diet 2013.
Duffey KJ, Popkin BM. Adults with healthier dietary patterns
have healthier beverage patterns. J Nutr 2006; 136 (11): 2901-7.
Bellisle F, Thornton SN, Hebel P, Denizeau M, Tahiri M. A
study of fluid intake from beverages in a sample of healthy
French children, adolescents and adults. Eur J Clin Nutr 2010
64 (4): 350-5.

Muckelbauer R, Libuda L, Clausen K, Toschke AM, Reinehr T,
Kersting M. Promotion and provision of drinking water in scho-
ols for overweight prevention: randomized, controlled cluster
trial. Pediatrics 2009; 123 (4): e661-e667.

. Nishi N, Yoshimura E, Ishikawa-Takata K. Relationship of Li-

ving Conditions With Dietary Patterns Among Survivors of the
Great East Japan Earthquake. J Epidemiol 2013; 23 (5): 376.

. Cipridn D, Navarrete-Mufioz E, Garcia de la Hera M et al. Medi-

terrancan and Western dietary patterns in adult population of a
Mediterranean area; a cluster analysis. Nutr Hosp 2013; 28 (5):
1741-9.

Drewnowski A, Rehm CD, Constant F. Water and beverage con-
sumption among adults in the United States: cross-sectional
study using data from NHANES 2005-2010. BMC Public Health
2013: 13 (1): 1068.

Zizza CA, Ellison KJ, Wernette CM. Total water intakes of com-
munity-living middle-old and oldest-old adults. Journals Geron-

tol Ser A Biol Sci Med Sci 2009; 64 (4): 481-6.

. Di Stefano S. Malservisi, A. Strocchi, GR Corazza, M GV. Lac-

tose malabsorption and intolerance in the elderly. Scand J Gas-
troenterol 2001: 36 (12): 1274-8.

Almeida JA, Kim R, Stoita A, Mclver CJ, Kurtovic J, Riordan
SM. Lactose malabsorption in the elderly: role of small intestinal
bacterial overgrowth. Scand J Gasrroenterol 2008; 43 (2):146-
54.

Popkin B, Armstrong L.. A new proposed guidance system for
beverage consumption in the United States. Am J Clin Nutr 2006;
83 (3): 529-42.

. Rippe JM. The Metabolic and Endocrine Response and Health

Implications of Consuming Sugar-Sweetened Beverages: Fin-
dings From Recent Randomized Controlled Trials 1-3. 2013:
(42): 677-86.

Gdémez-miranda LM, Jiménez-Cruz A, Bacardi-Gascén M. Estu-
dios aleatorizados sobre el efecto del consumeo de bebidas azuca-
radas sobre la adiposidad en adolescentes y adultos: revision sis-
tematica 2013; 28 (6): 1792-6.

Lioret S, Maire B, Volatier J-L, Charles M-A. Child overweight
in France and its relationship with physical activity, sedentary
behaviour and socioeconomic status. Eur J Clin Nurr 2007; 61
(4): 509-16.

. Pan A, Malik VS, Hao T. Willett WC, Mozaffarian D, Hu FB.

Changes in water and beverage intake and long-term weight
changes: results from three prospective cohort studies. Inr J Obes
2013; 37 (10): 1378-85.

Cintia Ferreira-Pégo et al.



UNIVERSITAT ROVIRA I VIRGILIT
ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH
Cintia Sofia Ferreira Pé&go

Results

6.3. A higher Mediterranean diet adherence and exercise practice are
associated with a healthier drinking profile in a healthy Spanish adult

population.

Ferreira-Pégo C, Babio N, Salas-Salvadé ]. Eur J Nutr. 2015;[Epub ahead of print]. PMID:
26646673. doi: 10.1007/s00394-015-1117-5.

Study 3 overview. Novelty and significance.

What is already known?

- Lifestyle is one of the most important factors conditioning health.

- Physical activity and adherence to a healthy diet, including a healthy beverage pattern, are
considered essential components of a healthy lifestyle that can reduce the risk of several non-
communicable chronic diseases.

- An inadequate water intake has several consequences on health and human performance, so
the influence of determinant factors (e.g. lifestyle) other than classical individual factors (sex,
age, body surface, etc.) and/ or environmental conditions for covering the fluid intake
recommendations needs to be clarified.

What this study adds?

- Individuals with the highest scores in the 14-item MedDiet adherence questionnaire

consumed significantly more water and wine and less SSBs compared with those with the
lowest scores.

- Individuals who engaged in most physical exercise presented a higher total daily fluid intake
and also consumed greater quantities of drinking water, wine, milk and dairy products and
fewer SSBs.

- Participants with a higher MedDiet adherence and physical exercise practice had a greater
probability of complying with EFSA total daily fluid intake and WHO free-sugar intake
recommendations.

Summary

- We report for the first time that healthy individuals with the highest scores for MedDiet
adherence and physical exercise practice presented the healthiest beverage patterns.

- The higher consumption of drinking water in those individuals in the highest category of
MedDiet adherence suggested that it should be borne in mind as another key element of
MedDiet definition.
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Abstract

Purpose Very few studies have examined the associa-
tion between beverage intake patterns and healthy lifestyle
characteristics. Most of the research that has been carried
out focuses on the consumption of soft drinks or alcohol
and ignores the overall beverage pattern. The aim of this
study is to evaluate the association between consumption of
different types of beverage and physical exercise practice
and MedDiet adherence.

Methods Cross-sectional information about fluid intake
from different types of beverages was collected in 1262
men and women between 18 and 70 years old, using a 24-h
fluid-specific diary over seven consecutive days. Physical
exercise was evaluated with a self-reported questionnaire,
and MedDiet adherence was assessed using a validated
l4-item questionnaire. Both variables were classified into
three categories.

Results  Individuals with greater adherence to the Med-
Diet showed a higher intake of water and wine and a lower
consumption of sweet regular beverages. Participants who
engaged in more physical exercise consumed more water,
milk and derivatives, juices and wine and less sweet regular
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beverages. Compared to the lowest category, the possibil-
ity of meeting the EFSA recommendations of total fluid
intake was greater in individuals with eight or more points
on the MedDiet adherence questionnaire [OR 1.94; 95 %
CI 1.25-3.01] and in those who practice physical exercise
three times a week or more [OR 1.71; 95 % CI 1.22-2.39].
Participants with a healthier lifestyle had a lower risk of
exceeding the WHO'’s free-sugar recommendations only
from beverages.

Participants  with greater adherence to
the MedDiet and who engaged in more physical exercise
exhibit a healthier pattern of fluid intake.

Conclusions

Keywords Fluid intake - Mediterranean diet - Physical
exercise - Adult - Beverage

Abbreviations

EFSA European Food Safety Agency
ORs Odds ratios

IOM Institute of Medicine

BMI Body mass index

WHO World Health Organization

CI Confidence intervals
MedDiet Mediterranean diet

Introduction

Lifestyle is one of the most important factors conditioning
health [1]. Physical activity and adherence to a healthy diet,
including a healthy beverage pattern, are considered essen-
tial components of a healthy lifestyle that reduces the risk
of several non-communicable chronic diseases.

The benefits of physical exercise on health and the
adverse effects of sedentary behavior are both well

@ Springer
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recognized [2—4]. An increase in physical exercise has been
shown to be associated with an increase in longevity [5, 6]
and a decrease in the risk of cardiovascular and all-cause
mortality [7]. coronary heart disease and stroke [8], diabe-
tes, and some types of cancer [4]. While more physically
active men and women tend to have a higher daily fluid
intake [9], the beverage pattern as a whole of individuals
with different levels of physical exercise has not been well
ascertained in the past.

Similarly, one of the recognized healthy dietary patterns
is the so-called Mediterranean diet (MedDiet), which has
been associated with several health benefits that reduce the
risk of type 2 diabetes [10—12], metabolic syndrome [13,
14] and major cardiovascular events [15]. This dietary pat-
tern is characterized by a high consumption of vegetables,
legumes, grains, fruits, nuts and virgin olive oil, a mod-
erate consumption of fish, and a low consumption of red
and processed meat, pastries, butter and creams. While the
traditional MedDiet is characterized by a “healthier bev-
erage pattern” with a moderate consumption of milk and
dairy products, and red wine, mainly with meals, and a low
intake of sugar-sweetened beverages [16], little is known
about the association between MedDiet adherence and
beverage pattern at a population level. In addition, as an
inadequate water intake has several consequences on health
and human performance, especially in dehydration states
[17, 18], it is important to evaluate determinant factors for
covering the fluid intake recommendations other than clas-
sical individual factors (sex, age, body surface) and envi-
ronmental conditions. In this sense, it is important to assess
whether lifestyle determines the percentage of individuals
meeting fluid intake recommendations established at a pop-
ulation level. Therefore, the main aim of the present study
was to evaluate the associations between physical exercise
practice or adherence to the MedDiet and the total fluid
intake, the consumption of different types of beverages and
the percentage of population covering fluid and free-sugar
recommendations in a sample of healthy Spanish adults.

Methods
Design and study population

The present study is a cross-sectional analysis designed
to assess the sources of fluid consumption in Spain—both
water and other beverages—and the associations between
lifestyle and the fluid consumption pattern [19], compli-
ance with European Food Safety Agency’s (EFSA) total
fluid intake and the World Health Organization (WHO)’s
free-sugar recommendations [20, 21].

The presented survey is part of an international study
conducted in adults and elderly individuals (=18 years)

@ Springer

from 13 different surveys conducted in Latin America,
Europe and Asia by public and private organizations [22].
The present study took place between March and May
2012 in all regions of Spain (except Ceuta, Melilla and the
Canary Islands) and was referred to as Liq.In7 [23]. The
participants were recruited via a systematic, non-random
sampling until the quotas for age, gender, region, habitat
and/or socioeconomic characteristics in relation to the total
country population were met. Participants were apparently
healthy and were excluded if they were not able to read and
write in the language of the questionnaire. Participants who
did not complete the full fluid intake record and those who
reported a mean total daily fluid intake below 0.4 L/day or
higher than 6 L/day were also not eligible to participate
in the present survey (n = 240). The effective sample size
for the present study was 1262 participants, all of whom
provided informed consent. The present study was submit-
ted to the Ethics Committee of the University Hospital of
Sant Joan de Reus (ref. C.E.I1.C-012), was reviewed, was
found to be of less than minimal risk and noninvasive and
was approved without requiring signed informed consent.
Socioeconomic level was assessed using a self-adminis-
tered questionnaire and was categorized using the Market
Research Society classification [24, 25]. Full details of the
study protocol have been published elsewhere [19].

Assessment of fluid intake

The usual intake of fluids by participants over seven con-
secutive days was evaluated using a self-reported and non-
validated 24-h fluid-specific diary over seven consecutive
days.

This record assessed the moment of the day when the
participants consumed fluids, and the type and the volumes
of beverages using standard portion sizes. Sugar naturally
present in beverages was calculated using a Spanish food
composition table [26], and the addition (by hand) of free
sugar to each beverage was also estimated by the number
of teaspoons used. Hereinafter, we used the 2002 Joint
WHO/FAO Expert Consultation on Diet, Nutrition and the
Prevention of Chronic Diseases definition of free sugar [21,
271,

The record items on beverages included the follow-
ing EFSA-used categories [28]: water (tap water, filtered
tap water, natural mineral water, sparkling natural mineral
water, flavored water, drinking fountain water); hot bever-
ages (coffee, white coffee, espresso with a drop of milk,
cappuccino, tea, beverages made from cereals, other infu-
sions and hot beverages); milk and milk derivatives (milk,
milkshakes, milkshakes with juice, liquid yogurt, other
milk drinks); juices (home-made juice, bottled juice, nec-
tars, nectar without added sugar, other fruit drinks); sweet
regular beverages: carbonated soft drinks (cola, orange,
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lemon, bitter, tonic water, other flavors), non-carbonated
soft drinks (orange, lemon, sports drinks, energy drinks,
regular iced tea, other flavors), other sugared soft drinks;
sweet light beverages: diet carbonated soft drinks (cola,
orange, lemon, other flavors), diet non-carbonated soft
drinks (orange, lemon, diet iced tea), other diet soft drinks;
and alcoholic drinks (beer, alcohol-free beer, lemon beer,
wine, wine with soda, alcoholic mixed drinks, other alco-
holic drinks). Total fluid intake is defined as the sum of all
these beverages.

The percentage of individuals who did not meet the
EFSA recommendations was calculated based on the EFSA
recommendations for total water intake (water from food
and beverages) set at 2.5 and 2 L/day for men and women,
respectively. EFSA takes the assumption that foods contrib-
ute about 20 % to total water intake; therefore, the EFSA
recommendations for total fluid intake were set at 2 and
1.6 L/day for men and women, respectively, most of which
must preferably be consumed as water [29].

Assessment of other variables and lifestyle factors

Physical exercise practice of more than 30 min a day
(active walking, swimming, cycling, aerobics and team
or individual sports) was evaluated with a non-validated
self-reported questionnaire and categorized as: three times
a week or more, between one and two times a week and
once every 2 weeks or less. In order to assess the adher-
ence to the MedDiet, the participants were given a Span-
ish validated 14-item questionnaire [30, 31]. This 14-item
validated screener consists of 12 questions on food con-
sumption frequency and two questions on food intake hab-
its considered characteristic of the Spanish MedDiet. Each
question was scored 0 or 1. One point was given for using
olive oil as the principal source of fat for cooking, prefer-
ring white meat over red meat or for consuming: (1) four
or more tablespoons (1 tablespoon = 13.5 g) of olive oil/
day (including that used in frying, salads, meals eaten away
from home, etc.); (2) two or more servings of vegetables/
day; (3) three or more pieces of fruit/day: (4) <1 serving of
red meat or sausages/day; (5) <1 serving of animal fat/day;
(6) <1 cup (1 cup = 100 mL) of sugar-sweetened bever-
ages/day; (7) seven or more servings of red wine/week; (8)
three or more servings of pulses/week; (9) three or more
servings of fish/week; (10) fewer than two commercial pas-
tries/week; (11) three or more servings of nuts/week; or
(12) two or more servings/week of a dish with a traditional
sauce of tomatoes, garlic, onion or leeks sautéed in olive
oil. If the condition was not met, 0 points were recorded
for the category. The final score ranged from O to 14 points.
Using this score, we have categorized MedDiet adherence
into three categories: poor (<5 points), average (between 6
and 7 points) and good adherence (>8 points).

In addition, variables such as marital status, socioeco-
nomic characteristics, region, habitat (urban or rural) and
education level were also recorded.

The Institute of Medicine (IOM) equations were used to
estimate the total energy expenditure of each individual [32],
using the gender, age, weight, height and physical exercise
of each individual. Therefore, the percentage of individuals
consuming more than 10 % of energy requirements as free
sugar, as recommended by WHO, was calculated [21]. In
2015, the WHO suggested a further reduction in the free-
sugar intake recommendations to 5 % of total energy intake
[27]. The percentage of individuals consuming more free
sugar than this suggested value was also calculated.

Weight (kg) and height (m) were evaluated with a self-
reported questionnaire, and body mass index (BMI) (kg/
m?) was calculated.

Statistical analysis

Data are presented either as means and 95 % confidence
intervals (CI) for continuous variables or as numbers and
percentages for dichotomous variables. We compared the
distribution of the selected characteristics between groups
using x? tests for categorical variables or Student’s r tests
or analysis of variance (ANOVA), as appropriate, for con-
tinuous variables. The Bonferroni post hoc test for multiple
comparisons was used. Logistical regression models were
fitted to assess the associations between meeting the EFSA
recommendations for total fluid intake (dependent variable)
and MedDiet adherence score (three categories) or physical
exercise practice (three categories) as exposure. The mod-
els were adjusted for gender, age (years), habitat (5000—
30,000 inhabitants, 30,000-200,000 inhabitants, more
than 200,000 inhabitants), socioeconomic characteristics
(lower and middle-low, middle, upper-middle and high),
educational level (primary education, secondary education,
higher education), physical exercise (once every 2 weeks
or less, once or twice per week and =3 times per week)
(except when physical exercise was the independent varia-
ble), MedDiet score (except when MedDiet adherence was
the independent variable) and BMI (kg/m2). Linear trend
tests were calculated using the median adherence to the
MedDiet score of each category and introducing this new
value as a continuous variable in the models. All statistical
tests were two-tailed, and the significance level was set at
P < 0.05. All analyses were performed using the SPSS soft-
ware version 22.0 (SPSS Inc., Chicago, IL).

Results

A total of 1262 participants (630 men and 632 women)
were recruited from all regions of Spain (except from
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Ceuta, Melilla and the Canary Islands). The baseline char-
acteristics of participants across MedDiet adherence and
physical exercise categories are summarized in Table 1.
Men presented significantly lower adherence to the Med-
Diet and physical exercise than women. Age was higher as
adherence to the MedDiet increased, and BMI was lower as
physical exercise increased. Participants in the highest cat-
egory of MedDiet adherence and/or physical exercise have
a higher socioeconomic and educational level, respectively.

Table 2 shows the total daily fluid intake and the amount
of each type of beverage consumed across the various cat-
egories of MedDiet adherence score and physical exercise
practice. Individuals with the highest scores in the 14-item
MedDiet adherence questionnaire consumed significantly
more water and wine and less sweet regular beverages than
individuals with the lowest scores. Consumption of milk
and derivatives was significantly higher in participants with
a lower MedDiet adherence score than in those with a Med-
Diet adherence between 6 and 7 points. No significant dif-
ferences were observed in total daily fluid volume between
the categories of MedDiet adherence.

Individuals who engaged most in physical exercise pre-
sented a higher intake of water, milk and derivates and wine
and a lower consumption of sweet regular beverages than
those who did little physical exercise. Significant differ-
ences were observed in the total daily fluid volume intake
when participants who engaged in physical exercise three
times a week or more were compared with individuals in
the lower categories.

The odds of meeting the EFSA recommendations for
total fluid intake (Table 3) were significantly higher in
those participants with greater adherence to the MedDiet
(=8 points) in the crude model. This association remained
even after adjusting for potential confounders [OR 1.94;
95 % CI 1.25-3.01 (P for trend <0.05)]. Women [OR 1.83;
95 % CI 1.05-3.20] and participants with a BMI > 25 kg/
m? [OR 2.83: 95 % CI 1.37-5.82] who were in the highest
MedDiet adherence category showed a greater probability
of meeting EFSA recommendations for total fluid intake
than those who were in the lower adherence category (P
for trend <0.05). Subjects who did most physical exercise
(=3 times a week) had greater odds of meeting the EFSA
recommendations for total daily fluid intake [OR 1.71;
95 % CI 1.22-2.39]. even in the adjusted model, using the
frequency of physical exercise <1 time every 2 weeks as
reference. These results were consistent among subgroups
of gender and BMIL.

Participants in the highest category of MedDiet adher-
ence or physical exercise practice were less likely to exceed
the WHO recommendations for free-sugar consumption
(=10 % of energy from free sugar) only from beverages
consumption and the EFSA recommendations for total
fluid intake, compared with ones in the lowest categories

@ Springer

(Fig. 1 Panels a and b, respectively). Regarding the Med-
Diet adherence, 73.6 % of the participants with an adher-
ence lower than 5 points, 55.9 % of the individuals present-
ing between 6 and 7 points and 48.4 % of the participants
in the higher category (=8 points) exceeded the 5 % of
energy from free sugar only from beverages consumption
(data not shown). Regarding physical exercise, 63.5 % of
individuals in the lower category, 62.2 % of the individu-
als practicing exercise between 1 and 2 times/week and
49.1 % of the individuals more physically active (>3 times/
week) exceeded the 5 % of the total energy intake from free
sugar (data not shown). Participants in the highest category
of MedDiet adherence or physical exercise were signifi-
cantly less likely to exceed the WHO suggestions for free-
sugar consumption (5 % of total energy from free sugar)
only from beverages consumption (data not shown). No
significant differences were observed in the proportion of
participants meeting the EFSA recommendations for total
daily fluid intake across categories of MedDiet adherence
or physical exercise practice.

Participants with a higher adherence to the MedDiet
(>8 points) and physical exercise practice (>3 times/week)
showed a greater probability of meeting EFSA recommen-
dations in the crude model, taking into account partici-
pants in the lowest MedDiet adherence category and lower
physical exercise practice as a reference. This association
remained even after adjusting for potential confounders
[OR 2.84; 95 % CI 1.20-6.71] (Table 4). We have also
analyzed the combined association of MedDiet adherence
and physical exercise practice in relation to the WHO’s
free-sugar recommendations (=10 % of energy from free
sugar). Subjects with a higher adherence to the Med-
Diet (>8 points) and physical exercise practice (>3 times/
week) showed a lower probability of exceeding the WHO’s
free-sugar recommendations after adjusting for potential
confounders [OR 0.53; 95 % CI 0.25-0.97], taking into
account participants in the lowest MedDiet adherence cat-
egory and lower physical exercise practice as a reference
(Table 4).

Discussion

The main objective of the present study was to evaluate
the associations between MedDiet adherence or physi-
cal exercise and the fluid consumption pattern in a sample
of healthy Spanish adults. We report for the first time that
healthy individuals with the highest scores for MedDiet
adherence and most physical exercise practice presented
the healthiest beverage patterns.

Although our results are in agreement with those
reported by other investigators [33—35], to the best of our
knowledge the present study is the first to have assessed not
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Fig. 1 Percentage of participants not meeting the fluid intake and
exceeding the free-sugar recommendations, according to MedDiet
adherence (a) and physical exercise (b). EFSA recommendations for
total fluid intake (2000 mL for men and 1600 mL for women) and

= 1 times/ 2 weeks 1-2 times/week = 3 times/week

Physical exercise practise

WHO?’s free-sugar recommendations were used (=10 % of total daily
energy from free sugar) only from beverages. *P values for compari-
sons between groups were tested by x*

Table 4 Association between
compliance with EFSA’s total

Crude model Adjusted model®

daily fluid intake or WHO’s
free-sugar recommendations
and a combined effect of
MedDiet adherence and
physical exercise practice

Low adherence to MedDiet and physical exercise practice (n = 58)
High adherence to MedDiet and physical exercise practice

EFSA's total daily fluid intake recommendations

1 (ref)
2.54 (1.10, 5.85)

1 (ref)
2.84 (1.20, 6.71)

(n=135)
WHO's free-sugar recommendations
Low adherence to MedDiet and physical exercise practice (n = 58) 1 (ref) 1 (ref)
High adherence to MedDiet and physical exercise practice 0.46 (0.22,0.93) 0.53 (0.25,0.97)

(n=135)

Data expressed as ORs (95 % CI)

MedDiet Mediterranean diet

* Adjusted model for: age, BMI, gender (men, women), habitat (5000-30,000 inhabitants, 30,000-200,000
inhabitants, >200,000 inhabitants), socioeconomic level (lower and middle-low, middle, upper-middle
and high) and educational level (primary, secondary, higher). Low Mediterranean diet was considered as
a score of =5 points, and low physical exercise was considered as a practice of =1 time/2 weeks; high
Mediterranean diet was considered as a score of =8 points, and high physical exercise was considered as a

practice of =3 times/weeks

a higher consumption of milk and dairy products in more
active individuals has also been previously described in
some populations [49, 50].

In our study, compliance with the EFSA recommen-
dations for total fluid intake was mainly associated with
greater adherence to the MedDiet, mainly in women and
overweight or obese individuals. Also, individuals who
engaged most in physical exercise, independently of gen-
der and BMI, tended to comply better with the EFSA’s total
fluid intake recommendations as reported previously by our
group [19].

Finally, in our study, a higher percentage of individuals
in the lowest category of MedDiet adherence or physical
exercise show an intake of free sugar, only from beverage,
above the WHO recommendations.

@ Springer

Several potential limitations and strengths of our study
deserve comment and have, in fact, been discussed else-
where [19]. The main limitation of this pilot study is that
our population is probably not representative of the general
Spanish population. However, the final distribution of the
individuals studied among age groups, gender, region and
educational categories is very similar to the real distribution
of the population in Spain. The second limitation is inher-
ent to its cross-sectional design, which limits the potential
to discern causative relationships. The third limitation is
related to the assessment of the fluid intake without assess-
ing water moisture from food; however, in our study, we
only assessed the percentage of individuals not covering the
EFSA’s drinking water recommendations that do not take
into account water from solid foods. In addition, although
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Results

6.4. Total fluid intake and its determinants: cross-sectional surveys among

adults in 13 countries worldwide.

Ferreira-Pégo C, Guelinckx I, Moreno LA, Kavouras SA, Gandy ], Martinez H, Bardosono S,
Abdollahi M, Nasseri E, Jarosz A, Babio N, Salas-Salvadd J. Eur J Nutr. 2015;54 Suppl 2:35-43.
PMID: 26066354. doi: 10.1007/s00394-015-0943-9.

Study 4 overview. Novelty and significance.

What is already known?

- Nowadays, there is still a lack of studies assessing the amount of fluid and the type of
beverages consumed regionally or worldwide, at population level.

- To keep the balance between water input and water loss, individuals are recommended to
comply with the reference values of total water intake that have been established by some
international societies or institutions.

What this study adds?

- The median total fluid intake for the total population was 1.98 L/day.

- Differences were found between countries, as for example Germany had the highest total fluid
intake (2.47 L/day), and Japan the lowest (1.50 L/day).

- A total of 59.2% of women complied with the reference value of 1.6 L, whereas only 40.6% of
men complied with the reference value of 2 L, set by EFSA.

- The 9.0% of the population did not consume even half of the reference value and 40.5%

consume between 50 and 100%.

Summary

- This study was the first one that enables total fluid intake to be compared between countries
because the same methodology of data recording was used in all the surveys.

- We reported for the first time that less than 50% of the women and approximately 60% of the
men from 13 different countries did not comply with the Al values of water from fluids.

- The information that the present study provides, suggests that the reference values for the

intake of water from fluids should be improved in the future.
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Abstract

Purpose To evaluate the total fluid intake from drinking
water and beverages in adult populations from different
countries and assess the percentage of individuals comply-
ing with the European Food Safety Agency (EFSA) ade-
quate intake (AI) of water from fluids.

Methods A total of 16,276 adults (7580 men and
8696 women) aged between 18 and 70 years (mean age
39.8 years) were randomly recruited from 13 different
countries from three continents. Information about the total
daily fluid intake (sum of drinking water and beverages)
was collected using a 24-h fluid-specific record over seven
consecutive days.

Results  Tmportant differences in total fluid intake between
countries were found; however, few differences between

This article is part of a supplement supported by Danone Nutricia
Research.

&4 1. Salas-Salvado
jordi.salas@urv.cat

Human Nutrition Unit, Biochemistry and Biotechnology
Department, Faculty of Medicine and Health Sciences,
Hospital Universitari de Sant Joan de Reus, Institut
d’Investigacio Sanitaria Pere Virgili (IISPV), Universitat
Rovira 1 Virgili, C/Sant Lloreng, 21, 43201 Reus, Spain

= Centro de Investigacion Biomédica en Red Fisiopatologia
de la Obesidad y Nutricién (CIBERobn), Institute of Health
Carlos III, Madrid, Spain

Department of Hydration and Health, Danone Nutricia
Research, Palaiseau, France

4 Growth, Exercise, NUtrition and Development (GENUD)
Research Group, Faculty of Health Sciences, Universidad de
Zaragoza, Saragossa, Spain

Department of Health, Human Performance and Recreation,
University of Arkansas, Fayetteville, AR, USA

Published online: 12 June 2015

men and women were reported in most of the countries.
Less than 50 % of the women and approximately 60 % of
the men do not comply with the EFSA Al of water from flu-
ids. Women were more than twice as likely as men to meet
these AI (OR 2.15; 95 % CI1 2.02-2.29). The odds of meeting
the AT of water from fluids were lower in individuals over
50 years (OR 0.88: 95 % CI 0.80-0.96). Nine percent of the
total population consumed less than half of the Al, 40.5 %
between 50 and 100 %, and 50.5 % more than the Al
Conclusions There were considerable differences in total
fluid intake between countries but not between genders. Only
40 % of men and 60 % of women comply with the EFSA
Al of water from fluids. Men and elderly individuals had an
increased risk of not complying with this reference value.
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Introduction

Water is involved in practically all functions of the human
body and plays a crucial role in life and health. Body water
is essential not only for the digestion, absorption, metabo-
lism and elimination of metabolites, but also for the struc-
ture and function of tissues and the maintenance of body
temperature [1]. Dehydration can affect human health to
such an extent that it can cause death. Even dehydration of
only 1 or 2 % of body water has been shown to impair cog-
nitive functions, alertness and capacity for exercise [2].

To keep the balance between water input and water
losses, individuals are recommended to comply with the
reference values of total water intake that have been estab-
lished by some international societies or institutions [3, 4].
Total water intake includes water from drinking water, bev-
erages of all kinds and food moisture. These reference val-
ues are largely based on observational studies of total water
intake conducted in healthy individuals and the estimation
of total water balance, which takes into account losses.
However, the established reference values vary consider-
ably, which can be partly explained by differences in the
methodology used to estimate fluid intake and/or losses [5].

In most of the studies, food frequency questionnaires or
24-h recall was used to evaluate total fluid intake (sum of drink-
ing water and beverages of all kinds). However, these question-
naires are designed to evaluate food intake and not fluid con-
sumption as a whole. They usually focused only on the intake
of solid foods and drinks, predominantly on those that provide
calories. For this reason, and because fluids are often consumed
outside mealtimes and not perceived as a food, fluid intake
tends to be underestimated by as much as 500 mL/day [6-9].

Also, most food records or dietary recalls do not cap-
ture the consumption of water; the consumption of other
beverages is often underestimated by the individual or the
interviewer [10]. This means that little is known about total
fluid intake, so it is difficult to establish fluid recommenda-
tions on the basis of scientific evidence.

For this reason, the main aim of the present study is: (a)
to evaluate the total fluid intake from beverages in adult
populations from 13 countries in three continents, (b) to
assess the percentage of individuals complying with the
European Food Safety Agency (EFSA) adequate intake
(AI) of water from fluids and (c) to assess the possible
determinants of total fluid intake.

Methods
Design and study population

The present study is a cross-sectional analysis of origi-
nal or published data collected in adults and elderly

@ Springer

(=18 years) by 13 different surveys conducted in Latin
America (Mexico [11], Brazil and Argentina), Europe
(Spain [12], France, UK [13], Germany, Poland and Tur-
key) and Asia (Iran [14], China [15], Indonesia and Japan)
by public (Iranian National Nutrition and Food Technol-
ogy Research Institute, NNFTRI, and Chinese Centre for
Disease Control, CDC) and private organizations. The pri-
mary objective of these surveys was to assess the sources
of fluid consumption, including drinking water and differ-
ent types of beverages. The individual surveys took place
between 2008 and 2014 and were referred to as Liq.In’.
The participants in each country were randomly recruited
either from a database of volunteers for population sur-
veys or via systematic door-to-door recruitment until the
quotas for age, gender, region, habitat and/or socioeco-
nomic characteristics in relation to the total country popu-
lation were met.

The following individuals were excluded from par-
ticipating: those working in company advertising; mar-
keting; market research; the media; the manufacture,
distribution and sale of water; and all kinds of bever-
ages. Likewise, people not able to read and write in the
language of the questionnaire were not eligible to par-
ticipate in the survey. Having a specific diagnosed dis-
ease and/or following a medically prescribed diet was
additional exclusion criteria in UK, Iran and China. The
surveys in Argentina, Poland and Japan also excluded
participants who had taken part in a survey about non-
alcoholic drinks in the previous 6 months. Participants
who did not complete the full fluid intake record, par-
ticipants reporting a mean total daily fluid intake below
0.4 L/day or higher than 6 L/day or those who had
participated in a market research study in the previous
6 months were excluded from the analysis. Pregnancy
or lactation was not a specific exclusion in the most
countries, except in Iran and China. The effective sam-
ple size for the present study was 16,276 participants.
Individuals who agreed to be part of the survey received
detailed information about the survey’s objectives,
what was expected of them, and information about the
study’s provisions to preserve confidentiality, risks and
benefits, and a clear explanation about their option to
participate voluntarily or not in the study. After being
given a fully informed description of the study, fol-
lowing the principles of informed consent, participants
were asked for their oral approval to participate. No
monetary incentive was offered for taking part in the
study. All data were recorded anonymously. There-
fore, subjects included in the dataset cannot be identi-
fied, either directly or through identifiers. The survey
protocol of the unpublished surveys was reviewed and
approved by the University of Arkansas Review Board
(ref. 14-12-376).
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Assessment of total fluid intake

All participants were provided with a 24-h fluid-specific
record so that they could collect information on their fluid
intake over seven consecutive days. The 7-day fluid-spe-
cific record was always presented in the official language
of the country. In all countries except France, Germany and
Japan, a paper version of this 7-day fluid-specific record
was delivered and explained to the participants during
an initial interview at home. After a period of 7 days, the
fluid record was collected from the participant’s home by
the researcher and checked with the participant. In France,
Germany and Japan, participants completed 7-day fluid-
specific record online. On the morning of the first day,
these participants received an electronic reminder with
written instructions on how to fill in the fluid record. Paper
memory cards were made available to the participants so
that they could make notes during the day and subsequently
complete the fluid record online. Both the paper and online
records had the same structure: The participants were asked
the type and temperature of the beverage, the volume of
the intake, the reason for the intake, and where and when
it was consumed. The questionnaire also asked whether the
fluid was consumed by itself or with some food, but did
not record the food consumed. To assist the participants in
estimating how much fluid was consumed, the records were
supported by a photographic booklet of standard fluid con-
tainers. The questionnaire items on different types of fluids
included: water (tap water, still bottled water and sparkling
bottled water); hot beverages (coffee, tea and other hot bev-
erages); milk and milk derivatives; regular sweet beverages
(carbonated soft drinks, non-carbonated soft drinks, juices,
energy drinks, sports drinks, other sugared soft drinks); diet
sweetened beverages (diet carbonated soft drinks, diet non-
carbonated soft drinks, other diet soft drinks); and alcoholic
drinks. Total fluid intake was defined as the sum of all these
categories.

The percentage of individuals following the EFSA ade-
quate intake of water from fluids was calculated. The EFSA
sets an Al of total water intake for men and women at 2.5
and 2 L, respectively. The sources of this water can be food
moisture, drinking water and different types of beverage.
The EFSA assumes that foods usually contribute about
20 % of total water intake [3]. Therefore, we set the Al of
water from fluids, preferably water, to be at 2 L/day for
men and 1.6 L/day for women. Within this manuscript, we
will as of now on refer to these values as Al of fluids.

Assessment of socioeconomic and anthropometric
variables

Socioeconomic level was assessed using a self-admin-
istered questionnaire in most of the countries and was

categorized using the Market Research Society classifica-
tion [16, 17].

Height in meters (m) and weight in kilograms (kg) were
self-reported by participants, except in Poland, Iran and
China where these variables were measured. The body
mass index (BMI) was calculated (kg/m?). In Mexico, Bra-
zil, Argentina, Indonesia and Japan, no anthropometric data
were available.

Statistical analysis

Data are presented either as means and 95 % confidence
intervals (95 % CI), medians and 25th and 75th percentiles
for continuous variables, or numbers and percentages for
dichotomous variables. We compared the distribution of the
selected characteristics between groups using X tests for
categorical variables or Student’s 7 tests or analysis of vari-
ance (ANOWVA), as appropriate, for continuous variables.
Logistic regression models were fitted to assess the asso-
ciations between compliance with the Al of fluids for total
fluid intake (dependent variable) and gender (two catego-
ries) or age categories (four categories) as exposure. The
models were adjusted for gender (except when gender was
the independent variable), age in years (except when age
categories were the independent variable), BMI in kg/m>
and socioeconomic characteristics (lower and middle-low,
middle, upper-middle and high). All statistical tests were
two-tailed, and the significance level was set at p < 0.05.
All analyses were performed using the SPSS software ver-
sion 22.0 (SPSS Inc, Chicago, IL).

Results

The present analysis was conducted in a total of 16,276 par-
ticipants (7580 men and 8696 women) from 13 countries.
The baseline characteristics of participants are summarized
in Table 1. The mean age of the population was 39.8 years
old, with a range between 18 and 87 years. A total of 25.9 %
of the population were more than 50 years of age, 22.7 %
were between 40 and 49 years of age, and 23.9 and 27.5 %
were between 30 and 39, and 18 and 29, respectively. The
participants had a mean BMI of 25.1 kg/m?, and more than
half had a low or middle-low socioeconomic level.

Table 2 shows the median and distribution in percentiles
of the total fluid intake by country. The median total fluid
intake for the total population was 1.98 L/day. Few differ-
ences were observed in the median consumption of total
fluid intake between men and women in most of the coun-
tries. Germany had the highest total fluid intake (2.47 L/
day), and Japan the lowest (1.50 L/day).

As shown in Fig. 1, the percentage of individuals meet-
ing with the Al of fluids varied considerably between

@ Springer
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Table 1 General characteristics of the study population, categorized by country

Gender (%) Age (years) Age categories (years) (%) BMI (kgp'mz) Socioeconomic

level (%)
Men Women 18-29 30-39 40-49 =50 AB C D

Mexico (n = 1498) 383 617 38.4(37.7.39.2) 340 20.8 19.6 257 ND 6.7 456 477
Brazil (n = 1924) 489 51.1 34.6(34.1,35.1) 38.1 26.5 25.5 9.9 ND 20.1 455 344
Argentina (n = 507) 475 525 37.4(36.3,38.6) 375 21.1 17.8 237 ND 8.5 55.4  36.1
Spain (r = 1240) 50.8 49.2 42.9(42.1,43.7) 19.0 235 24.8 327 25.6(254,25.8) 254 708 38

France (n = 1534) 524 476 44.7(43.9,454) 188 19.8 21.3 40.1 25.2(25,25.5) ND ND ND
UK (n = 897) 414 586 43.9(42.9,449) 184 24.1 232 343 27.2(26.7.27.6) 173 534 293
Germany (n = 1868) 458 542 42.9(42.3,43.5) 17.0 21.3 28.7 33.0 26.2(26,26.5) ND ND ND
Poland (n = 1062) 48.7 513 46.1 (45.1,47.1) 195 19.9 17.8 428 26(25.8.26.3) 10,0 73.0 17.0
Turkey (r =961) 50.8 492 34.4 (33.7, 35) 38.1 27.6 234 109  25(24.7.25.3) ND ND ND
Iran (n = 572) 49.5 505 36.9 (35.9.37.9) 36.0 26.0 19.8 18.2 25.3(249,257) 226 344 430
China (n = 1466) 50 50 39.4 (38.8, 40) 24.7 25.4 25.8 24,1 22.7(225,228) ND ND ND
Indonesia (n = 1366) 325 675 35.2(34.6.35.9) 393 27.6 17.3 15.7 ND 25.8 554 187
Japan (n = 1381) 50.5 495 ND 26.4 27.2 21.3 25.1 ND ND ND ND

Total population® (n = 16,276) 46.6 534 39.8(39.6.40.1) 275 239 227 259 25.1(25,25.2) 17.5 543 281

Data expressed as mean (95 % CI) or percentage
BMI body mass index, ND no data

* Include only those countries with data available on the presented characteristics

countries. Women were more likely to comply with AT of
fluids. A total of 59.2 % of women complied with the refer-
ence value of 1.6 L, whereas only 40.6 % of men complied
with the reference value of 2 L. In all the countries included
in this analysis, a higher percentage of women complied
with the Al of fluids. Only in five of the 13 countries, more
than 50 % of the men comply with the Al of fluids.

Figures 2 and 3 show the adjusted odds ratio (OR) (95 %
CI) of complying with the AT of fluids, for gender and age
range, respectively. When the analysis of total popula-
tion was stratified by gender (Fig. 2), women were more
than twice as likely as men to meet the Al of fluids (OR
2.149; 95 % CI 2.02-2.29). In all the countries, men were
at greater risk than women of not complying with the Al
of fluids. When the total population was stratified by age
(Fig. 3). we observed that participants between 30 and
39 years old had a nonsignificant 3 % lower probability
of complying with the AI of fluids, whereas individuals of
over 50 years of age presented a significant 12.4 % lower
probability of compliance in comparison with the age range
18-29 years old. In terms of compliance with the AI of
fluids, no differences were found between individuals of
40—49 years of age and those younger than 29 years.

Table 3 shows the percentage of the population that
complied with the Al of fluids according to adequacy per-
centage categories. Of the total population from the differ-
ent countries, 9.0 % did not consume even half of the refer-
ence value, 40.5 % consume between 50 and 100 %, and
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50.5 % consume the adequate intake set by EFSA. Japan
had the highest percentage of population (17.1 %) that con-
sumed less than half of the Al of fluids, and the UK was
the country with the lowest (1.2 %). Germany had the high-
est percentage of individuals complying with Al of fluids
(73.8 %), whereas Japan had the lowest (28.8 %).

Discussion

The main objective of the present innovative study is to
estimate total fluid intake (water and other beverages) and
assess the percentage of individuals who comply with the
EFSA adequate intake of water from fluids (drinking water
and beverages of all kinds). We report that less than 50 %
of the women and approximately 60 % of the men from 13
different countries did not comply with the adequate intake
values of water from fluids.

To the best of our knowledge, to date, only a few
national population-based studies conducted on healthy
individuals [18-27] have reported total fluid intake as a pri-
mary outcome. Of these, only four used a 7-day record to
evaluate the total fluid intake [15, 19-21], while the oth-
ers used dietary records of 4 days or less. Only one used a
7-day fluid-specific record [15].

Our study reported a higher total fluid intake than
other investigators have reported for the same countries
[19-21]. This may be because a prospective fluid-specific
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Table 2 Total fluid intake in
L/day, categorized by country

Mean (SD) Percentiles

5 10 25 50 75 90 95
Total population (n = 16,276) 1.98 (0.95) 077 093 1.27 1.80  2.49 3.28 3.81
Mexico (n = 1498) 1.81(0.97) 0.66  0.79 112 1.59 2.31 3.13 3.73
Brazil (n = 1924) 2.22(1.11) 0.82 1.00 1.40 200 280 375 4.50
Argentina (n = 507) 2.30(0.99) 1.02 1.17 1.59 2.15 2.88 3.63 4.28
Spain (n = 1240) 1.90 (0.81) 0.82 099 1.33 1.77 2.35 2.98 343
France (n = 1534) 1.56 (0.67) 0.68 0.80 1.08 1.45 1.94 246 2.82
UK (n = 897) 2.32 (0.86) 112 1.32 1.68 2,19  2.83 3.46 3.95
Germany (n = 1868) 2.47 (0.89) 1.00 1.27  0.83 246 3.08 3.71 3.98
Poland (n = 1062) 1.64 (0.54) 0.86 1.00 1.24 1.57 1.96 240 2.62
Turkey (n = 961) 2.21 (1.06) 0.89 1.06 144 202 276 358 4.22
Iran (n = 572) 1.92 (0.80) 0.87 1.03 1.33 1.81 233 3.03 3.34
China (n = 1466) 1.76 (0.92) 0.66 081 1.13 1.56 216 296 3.62
Indonesia (n = 1366) 228 (1.02) 091 1.05 1.48 213 2.96 3.78 4.22
Japan (n = 1381) 1.50 (0.64) 0.61 0.76 1.02 1.40 1.88 236 272
Men (n = 7580) 1.97 (0.96) 0.77 092 1.26 1.78 248 3.27 3.84
Mexico (n = 574) 1.77 (0.92) 0.63 0.76 1.10 .58  2.24 3.09 3.66
Brazil (n =941) 2.34 (1.16) 0.85 1.05 145 210 3.00 4.00 4.70
Argentina (n = 241) 2.32(0.94) 1.06 1.19 1.67 2.13 2.87 3.60 4.22
Spain (n = 630) 1.94 (0.84) 0.80 099 1.34 1.80  2.37 3.01 3.52
France (n = 804) 1.55 (0.66) 0.69  0.80 1.08 1.43 1.93 2.41 2.82
UK (n = 371) 2.24 (0.82) 1.08 1.30 1.62 2.15 280 3.25 3.78
Germany (n = 856) 2.51 (0.94) 0.92 1.21 1.81 243 306 3.73 4.03
Poland (n = 517) 1.70 (0.53) 0.94 1.10 1.31 1.63 2.04 247 2.67
Turkey (n = 488) 2.15(1.01) 0.90 1.05 1.42 1.93 270 349 4.03
Iran (n = 283) 1.92 (0.78) 0.89 1.04 1.33 1.80 237 3.03 3.33
China (n = 733) 1.78 (0.95) 0.68 0.82 L.12 1.57 216 3.02 3.82
Indonesia (n = 444) 2.33(1.08) 0.94 1.07 1.47 218 299 393 4.41
Japan (n = 698) 1.47 (0.63) 059 072 1.01 1.39 1.84 2.28 2.66
‘Women (n = 8696) 1.98 (0.95) 078 093 1.28 1.81 250 329 3.80
Mexico (n = 924) 1.84 (1.00)  0.69 0.80 1.12 1.60 234 3.20 3.82
Brazil (n= 983) 2.10(1.05) 0.80 097 1.30 1.90 257 3.51 4.20
Argentina (n = 266) 2.29(1.04) 0.99 1.13 1.50  2.15 293 3.74 4.41
Spain (n = 610) 1.87 (0.79) 0.83 097 1.32 1.73 229 289 3.37
France (n = 730) 1.57(0.61) 0.67 078 1.08 1.44 1.97 2.50 2.81
UK (n = 526) 2.37 (0.88) 17 1.34 1.75 223 2.89 3.58 4.07
Germany (n = 1012) 2.45(0.90) 0.96 1.23 1.78 244 3.07 3.62 3.94
Poland (n = 545) 1.57 (0.55) 077 094 119 L.51 1.88  2.32 2.573.53
Turkey (n = 473) 2.27(1.11) 1.08 1.20 1.55 200 3.05 3.88 4.59
Iran (n = 289) 1.92 (0.82) 0.86 1.02 1.33 1.83 2.27 3.04 3.40
China (n = 733) 1.75 (0.89) 0.66  0.80 114 L.56 217 292 3.54
Indonesia (n = 922) 2.26 (0.99) 0.88 1.04 1.48 210 295 3.68 4.11
Japan (n = 683) 1.52 (0.65) 0.66  0.79 1.04 1.42 1.93 241 2.75

questionnaire was used, which enabled participants to bet-
ter register all the sources of fluid consumption. For exam-
ple, a previous study that evaluated total fluid intake in an
adult population of 20-54 years old from France revealed
that the median fluid consumption was 1300 mL/day and that

intake was lower in older individuals [21]. In contrast, our
study found that the total median fluid intake for France was
1560 mlL/day. Although the authors did not evaluate the per-
centage of participants who did not comply with the EFSA
reference values of total water intake, their results suggest

@ Springer
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that a high percentage of the French population are at risk of
an inadequate intake. In Germany, in 2011, total fluid intake
recorded by adults with a 7-day food record was found to be
only 1526 mL/day for men and 1214 mL/day for women [20].
Our study found the median total fluid intake in Germany to
be remarkably higher (approximately 2510 and 2450 mL/day

@ Springer

Odds Ratio (95% CI)

for men and women, respectively), which means that a higher
percentage of German males and females comply with the
Al of fluids. In the UK [19], previous reports of median total
fluid intake (1900 mL for men and 1520 mL for women) are
also lower than the findings of the present study (2240 and
2370 mL for men and women, respectively).
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Table 3 Percentage of the population by adequacy percentage cat-
egories, achieving EFSA adequate intake of water from fluids

Odds Ratio (95% CI)

Our study is the first that enables total fluid intake to be
compared between countries because the same methodol-

=50% 50-75% 75-100% >100 % ogy of data recording was used in all the surveys. Germany

- and the UK were the countries where the highest percent-
Mexico (n = 1498) 13.5 22.4 208 433 ages of the population complied with the AI of fluids,
Brazil (n = 1924) 73 16.6 17.7 58.2 whereas Japan was the country with the lowest. It is diffi-
Argentina (n = 507) 2.8 132 199 64.1 cult to find a physiological reason for these between-coun-
Spain (1 = 1240) 74 17.1 26.2 49.3 try differences. The well-known and described differences
France (n = 1534) 15.9 282 25.0 309 in climate conditions (temperature and humidity) between
UK (n = 897) 1.2 10 17.8 709 countries cannot explain the differences found in our study
Germany (n = 1868) 4.1 7.9 14.2 73.8 because some warm countries (where fluid demands should
Poland (n = 1062) 6.1 26.5 328 347 be higher) had lower total fluid intakes than cold ones.
Turkey (n = 961) 5.8 16.8 19.5 58.4 However, these differences may be partly explained by the
Iran (n = 572) 5.3 21.2 23.1 30.5 fact that not all surveys were carried out in the same sea-
China (n = 1466) 14.1 23.6 23.7 38.7 son, even though all surveys aimed to perform data collec-
Indonesia (n = 1366) 2.7 15.5 15.6 66.2 tion during the period of mild climate (spring or autumn).
Japan (n = 1381) 17.1 29.8 242 28.8 It is accepted that temperatures are more extreme during
Total population 9.0 19.3 212 50.5 the summer, so fluid intake and loss are also expected to be

(n=16,276)

higher. Water needs in summer increase because water loss
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through sweat higher than in winter [18]. Another issue that
must be noted is that, in summer, habits of adapting envi-
ronmental conditions (air-conditioned or heating rooms)
are less similar than those in winter. However, we cannot
discount that other social determinants of fluid intake may
explain some of the differences observed between countries
in the present study [28, 29].

Although total fluid intake may well be expected to be
different between men and women because of well-rec-
ognized differences in body surface and composition, our
study found no significant differences in total fluid intake
between genders in most of the countries. This adds further
weight to the argument that social or educational aspects
may play an important role in determining total fluid con-
sumption. In this regard, it has been frequently reported
that women in developed countries tend to have a healthier
lifestyle pattern than men [28] and it is generally accepted
that adults with a healthier dietary pattern usually have a
healthier fluid pattern (that is to say, an increased consump-
tion of water and total fluids) [29]. This also may explain
the positive association between complying with the Al of
fluids and being women in all the countries evaluated.

Several potential limitations of our study need to be
considered. Although all samples were randomly selected
from a database of volunteers for population-based sur-
veys or through a door-to-door recruitment process using
the same quota sample method, which led to a large repre-
sentative sample of adults in each country for the stratum
considered [30], the populations in our study are not fully
representative of the general population of each country.
Nevertheless, the final distribution of the individuals stud-
ied among age groups, gender, regions and educational
categories was very similar to the real distribution of the
population of each country studied. The second limitation
is inherent to the survey itself: The method used to col-
lect anthropometric (reported or measured) and socioeco-
nomic data was not the same in each country, and in some
surveys, this information was not assessed. However, this
information was only used to characterize the samples and
would not influence the main outcome. Third, because we
have only assessed the total fluid intake and no biomarkers
of hydration status were used, no conclusions about the risk
of dehydration and health can be drawn. Finally, the 24-h
fluid-specific record over 7 days used in the present study
must be validated in the future with gold-standard methods,
in order to have the certainty that total fluid intake is reli-
ably assessed.

The most relevant strength of this analysis is that it
reports for the first time the description of total fluid intake
of 16,276 participants in 13 countries from three conti-
nents. Moreover, a unique 24-h fluid-specific record over
seven consecutive days was used that focused on self-
reported total fluid intake, encompassing different types of
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fluids and was supported by visual aids, to facilitate recall
and recording. This is the first time that the actual fluid pat-
tern of a large sample of adults is recorded for all of these
countries and valuable information is provided about the
real differences in fluid intake between and within coun-
tries. This information suggests that if the reference values
of water from fluids would be improved in the future, there
should be a particular emphasis on those population groups
found to be more at risk of not drinking enough, specifi-
cally the male gender and the elderly.

In conclusion, there were considerable differences in
total fluid intake between countries but not between gen-
ders. For all the countries, only 40 % of men and 60 % of
women comply with the EFSA adequate intake of water
from fluids. Men had an increased risk of not complying
with the EFSA adequate intakes of water from fluids. In
most countries, elderly individuals had an increased risk of
not complying with these adequate intakes. These results
signify that a considerable portion of the study popula-
tions is potentially a risk of hydration-related health con-
sequences such as chronic kidney disease [31]. Therefore,
there is a clear need for additional longitudinal studies
confirming the possible effects on health of an inadequate
intake of water from fluids. Moreover, since there is merg-
ing evidence that a low fluid intake is a potential risk factor
for health, the reference values of total water intake should
be translated into practical recommendations for the gen-
eral population and are ideally supported with community
interventions.
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Results

6.5. Intake of water and different beverages in adults across 13 countries.

Guelinckx I, Ferreira-Pégo C, Moreno LA, Kavouras SA, Gandy ], Martinez H, Bardosono S,
Abdollahi M, Nasseri E, Jarosz A, Ma G, Carmuega E, Babio N, Salas-Salvado |. Eur ] Nutr. 2015;54
Suppl 2:45-55. PMID: 26072214. doi: 10.1007/s00394-015-0952-8.

Study 5 overview. Novelty and significance.

What is already known?

- Different health institutions and nutrition societies have shown concern regarding an
excessive intake of energy coming from free sugars, especially present in sweetened beverages,
and its effect on health and disease.

- However, the scientific evidence regarding this area of nutritional epidemiology is still scarce.
What this study adds?

- In all of the 13 countries and among the different fluid types, drinking water was the most

consumed beverage.

- SSBs was the third fluid mostly consumed with a daily intake ranging from 0.10 L /day in China
to 0.57 L/day in Mexico.

- In México, Brazil and Argentina the contribution of sweetened beverages, including SSBs and
fruit juices, to the total fluid intake was as large as or even larger than water’s contribution.

- Total mean energy intake through total fluid ranged from a minimum of 182 kcal/day in
Indonesia to a maximum of 817 kcal/day in Germany.

- The highest proportion of adults exceeding the WHO recommendation was observed in
Germany (70.9%), followed by Brazil (65.7%), Mexico (65.1%), UK (61.5%) and Argentina
(60.4%); whereas the lowest proportion was observed in Indonesia (10.9%).

Summary

- The mean energy intake from fluids was higher than expected due to the high consumption of
SSBs and fruit juices, reaching up to 694 kcal/day of energy intake on average.

- Considering all countries together, 44.5% of the population exceeded the WHO
recommendations on energy intake provided by free sugar, solely by fluids.

- The results obtained in the present international survey highlight the need to educate adults
about the nutritional composition of the different fluids.
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Abstract

Purpose To describe the intake of water and all other flu-
ids and to evaluate the proportion of adults exceeding the
World Health Organisation (WHO) recommendations on
energy intake from free sugar, solely from fluids.

Methods A total of 16,276 adults (46 % men, mean age
39.8 years) were recruited in 13 countries from 3 conti-
nents. A 24-h fluid-specific record over 7 days was used for
fluid assessment.
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Results  In Spain, France, Turkey, Iran, Indonesia and
China, fluid intake was characterised by a high contribu-
tion of water (47-78 %) to total fluid intake (TFI), with
a mean water intake between 0.76 and 1.78 L/day, and a
mean energy intake from fluids from 182 to 428 kcal/day.
Between 11 and 49 % of adults exceeded the free sugar
WHO recommendations, considering solely fluids. In Ger-
many, UK, Poland and Japan, the largest contributors to TFI
were hot beverages (28-50 %) and water (18-32 %). Mean
energy intake from fluids ranged from 415 to 817 kcal/day,
and 48-62 % of adults exceeded free sugar WHO recom-
mendations. In Mexico, Brazil and Argentina, the contribu-
tion of juices and regular sugar beverages (28-41 %) was
as important as the water contribution to TFI (17-39 %).

¥ RAND Corporation, Santa Monica, CA, USA

Hospital Infantil de Mexico Federico Gomez, Mexico City,
Mexico

Department of Nutrition, Faculty of Medicine, Universitas
Indonesia, Jakarta, Indonesia

Department of Nutrition Research, Faculty of Nutrition
Sciences and Food Technology, National Nutrition and Food
Technology Research Institute, Shahid Beheshti University
of Medical Sciences, Tehran, Iran

National Food and Nutrition Institute, Warsaw, Poland

National Institute for Nutrition and Food Safety, Chinese
Center for Disease Control and Prevention, Beijing, China

Department of Nutrition and Food Hygiene, School of Public
Health, Peking University, Beijing, China

Centro de Estudios Sobre Nutricién Infantil, Buenos Aires,
Argentina

@ Springer



UNIVERSITAT ROVIRA I VIRGILI
ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH
Cintia Sofia Ferreira Pé&go

Eur J Nutr

Mean energy intake from fluids ranged 565—-694 kcal/day,
and 60-66 % of the adults exceeded the free sugar WHO
recommendation.

Conclusions The highest volumes recorded in most of the
countries were for water, mean energy intake from fluids
was up to 694 kcal/day, and 66 % of adults exceeded the
free sugar WHO recommendation solely by fluids. Actions
to create an environment in favour of water consumption
and reduce sugar intake from fluids therefore are warranted.

Keywords Water - Beverages - Fluids - Adult population -
WHO recommendation - Energy intake - Free sugars

Introduction

Total fluid intake (TFI) or its biomarkers have been associ-
ated with health outcomes such as the recurrence of kidney
stones, renal function, new-onset hyperglycaemia and the
prevalence of some components of the metabolic syndrome
[1—4]. Therefore, assessing the volume of TFI in popula-
tions is important from a public health perspective.

In addition, it is also important to assess the intake of
different sources of fluids. During the last decades, the
diversity of fluid types with different nutritional composi-
tion has increased substantially. These fluids contribute to
total intake more than water (e.g. energy, minerals, addi-
tives or caffeine), raising the question of their impact on
health. In fact, an analysis of NHANES data has demon-
strated differences in the risk of chronic kidney disease
(CKD) depending on the type of beverages consumed. A
low intake of plain water was associated with an increased
risk of CKD [adjusted OR for low vs. high intake of plain
water = 2.36 (95 % CI 1.10-5.06)], whilst, compared with
the highest intake of beverages besides plain water, a low
intake was not associated with an increased risk [5].

One explanation for the different health impact of con-
sumption of different fluid types could be due to differences
in energy and nutrient content. Recently, different health
institutions and nutrition societies have raised concern
regarding an excessive intake of energy coming from free
sugars, especially present in sugar-sweetened beverages
[6]. A meta-analysis of randomised trials and prospective
cohort studies showed that among free-living people with
ad libitum diets, the intake of free sugars was a determinant
of body weight; however, intake was assessed from both
food and beverages [7]. In respect of the consumption of
sugar-sweetened beverages, there is a substantial scientific
evidence relating the frequent intake of this type of bever-
ages and an increased risk of weight gain [8—10], becoming
overweight or obese [11-14], developing metabolic syn-
drome [15-18], type 2 diabetes [19] or other health prob-
lems [17, 20, 21] compared with non-regular consumers.

@ Springer

This can partly be explained, as described in some cross-
sectional and intervention studies, by the observation that
frequent consumers of sugar-sweetened beverages had
higher total energy intake [22—-24]. Given the current obe-
sity pandemic and the estimation by the WHO that diabetes
will be the 7th leading cause of death in 2030 [25], it seems
relevant to evaluate the daily intake of the different fluid
types and their contribution to energy and sugar intake.
A recent systematic literature review by Ozen et al, [26]
reported the fluid intake of adults from 18 different coun-
tries. Unfortunately, only 50 % of the 38 surveys included
in the review reported the intake of water [26]. In addition,
inconsistencies in the study designs, dietary assessment
methods used or classification of beverages and age cat-
egories limit the comparison of results between countries.
Furthermore, most of the surveys designed were originated
in the USA and Europe, and it is pertinent in order to have
a better understanding of the TFI, types of beverages con-
sumed, and energy and free sugar consumed from bever-
ages to extend the geographical scope of such studies.
Therefore, the aim of the present analysis was: (a) to
describe the intake of drinking water and all other type of
beverages in adults from 13 countries in three continents
including Latin America and Asia, (b) to report energy intake
from beverages and (c) to assess the percentage of adults
exceeding the WHO recommendations on free sugars intake.

Methods
Design and study population

The present analysis gathers original and published data
collected in adults (=18 years) by 13 different cross-sec-
tional surveys. The surveys were conducted in Latin Amer-
ica (Mexico [27], Brazil and Argentina), Europe (Spain
[28], France, UK [29], Germany, Poland and Turkey) and
Asia (Iran [30], China [31], Indonesia and Japan). Data col-
lection of the individual surveys was performed between
2008 and 2014 by public (Iranian National Nutrition and
Food Technology Research Institute, NNFTRI; and Chi-
nese Centre for Disease Control, CDC) and private organi-
sations. The primary objective of these surveys was to
assess the intake of drinking water and different types of
beverages. A detailed analysis of the volume of TFI (sum
of drinking water and beverages of all types) of these 13
surveys can be found elsewhere [32].

A random recruitment of participants was performed
in each country either from a database of volunteers for
population surveys, or via systematic door-to-door recruit-
ment until the quotas for age, gender, region, habitat and/or
socio-economic characteristics in relation to the total coun-
try population were met.
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Individuals working in company advertising, market-
ing, market research, the media, the manufacture, distri-
bution and/or sale of water and all kind of beverages were
excluded from participation as these individuals might be
more aware of their intakes of fluids. Individuals who were
not able to read and write in the language of the question-
naire were not eligible to participate in the survey. Having
a specific diagnosed disease and/or following a medically
prescribed diet were additional exclusion criteria in UK,
Iran and China. The surveys in Argentina, Poland and Japan
also excluded participants who had taken part in a survey
about non-alcoholic drinks in the previous 6 months. Par-
ticipants who did not complete the full 7 days of the fluid
record, participants reporting a mean total daily fluid intake
below 0.4 L/day or higher than 6 L/day or those who had
participated in a market research study in the previous
6 months were excluded from the analysis. Pregnancy or
lactation was not a specific exclusion in the most countries,
except in Iran and China.

The effective sample size for the present analysis was
16,276 participants. Individuals who agreed to be part of
the survey received detailed information about the survey’s
objectives, what was expected from them, and informa-
tion about the study’s provisions to preserve confidential-
ity, risks and benefits, and a clear explanation about their
option to participate voluntarily or not in the study. After
being given a fully informed description of the study, fol-
lowing the principles of informed consent, participants
were asked for their oral approval to participate. No mon-
etary incentive was offered for taking part in the study. All
data were recorded anonymously. Therefore, participants
included in the data set cannot be identified, either directly
or through identifiers. The survey protocol of the unpub-
lished surveys was reviewed and approved by the Univer-
sity of Arkansas Review Board (ref. 14-12-376).

Assessment of the different fluid types

Participants were provided with a 24-h fluid-specific record
to collect information on their intake of all fluid types over
7 consecutive days. The 7-day fluid-specific record was
presented in the official country language. In all countries
except France, Germany and Japan, a paper version of this
7-day fluid-specific record was delivered and explained to
the participants during an initial interview at home. After
a period of 7 days, the fluid record was collected from the
participant’s home by the researcher and checked with the
participant. In France, Germany and Japan, participants
completed the 7-day fluid-specific record online. On the
morning of the first day, these participants received an elec-
tronic reminder with written instructions on how to fill in
the fluid record. Paper memory cards were made available
to the participants so that they could make notes during

the day and subsequently complete the fluid record online.
Both the paper and online records had the same structure;
the participants were asked the type of the beverage, the
volume of the intake, whether the beverage was consumed
hot or cold, the reason for the intake, and where and when
it was consumed. The questionnaire also asked whether the
fluid was consumed by itself or with some food, but did
not record the food consumed. To assist the participants in
estimating how much fluid was consumed, a photographic
booklet of standard fluid containers supported the records.
The 13 surveys all used this method to assess the fluid
intake and were referred to as Liq.In’ (abbreviation of Lig-
uid Intake over 7 days).

Classification of the fluid types

The fluids recorded were classified into: water (tap and bot-
tled water); milk and milk derivatives; hot beverages (cof-
fee, tea and other hot beverages); juices; regular sweetened
beverages (RSB) (carbonated and non-carbonated soft
drinks, energy drinks, sports drinks and other sugared soft
drinks); diet beverages (diet carbonated soft drinks, diet
non-carbonated soft drinks, other diet soft drinks); alco-
holic drinks and other beverages. A more detailed classifi-
cation can be found in supplementary Table 1 of this paper.
TFI was defined as the sum of all these categories. In UK,
Poland, Indonesia and Japan, the intake of diet beverages
was very small, and therefore, they were during the first
data treatment included in the RSB category. In Argentina,
Iran and Indonesia, only non-alcoholic beverages were
recorded. In Spain and France, no fluids were classified
into the group “Other beverages™.

Assessment of anthropometric variables

Height in metres (m) and weight in kilograms (kg) were
self-reported by participants, except in Poland, Iran and
China where these variables were measured. The body
mass index (BMI) was calculated (kg/m?). In Mexico, Bra-
zil, Argentina, Indonesia and Japan, no anthropometric data
were available.

Calculation of energy and sugar intake from fluids

Energy and sugar intake from different types of beverages
was calculated using the updated USDA international food
composition tables [33]. Because the quantity consumed of
the types of beverages in the category “Other beverages”
was very low and these fluids frequently had an unknown
food composition, this category was disregarded for the
energy and sugar analysis. The percentage of individuals
consuming more than 10 % of energy requirements as free
sugar, as recommended by WHO, was calculated [6]. WHO
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strongly recommends the intake of free sugars to less than
10 % of total energy intake and recently even suggested
under conditions a further reduction in the intake of free
sugars below 5 % of total energy intake [6]. Total energy
requirement could not be calculated due to missing data of
participants’ weight and height in some countries. There-
fore, the food balance sheets from the Food and Agriculture
Organisation (FAQ) were consulted to retrieve the mean
energy intake (kcal/capita/day) of the adult population of
the countries included in this analysis, which is accepted
for ecological studies [34]. This source, however, contained
the mean energy intake for total population, not separated
by gender. In order to assess the differences in adherence
to the WHO recommendation on free sugar intake between
genders, the theoretical recommended daily energy require-
ment published by the Institute of Medicine was used for
total population, but not for each country [35].

Statistical analysis

Data are presented either as means and 95 % confidence
intervals (CI) for continuous variables, or as numbers and
percentages for dichotomous variables. The mean intakes
are estimated values of all participants, including non-
consumers. We compared the distribution of the selected
characteristics between groups Student’s ¢ tests for continu-
ous variables. All statistical tests were two-tailed, and the
significance level was set at P < 0.05. A Bonferroni post
hoc test was used to correct for multiple comparisons in
the online resources 2 and 3. All analyses were performed
using the SPSS software version 22.0 (SPSS Inc., Chicago,
IL).

Results

The daily water and beverages intake of 16,276 participants
(47 % men) of 13 countries was analysed in the present
study. The baseline characteristics of the male and female
participants are presented in Table 1. The mean age of the
male and female participants was 40.6 (40.3, 40.9) and
39.2 (38.9, 39.5) years, respectively. The mean BMI of
the male and female participants was 25.6 (25.4, 25.7) and
25.0 (24.8, 25.1) kg/m?, respectively.

The daily intakes of the different beverage types are pre-
sented in Table 2. Among the different fluid types, the high-
est volumes were observed for water intake, which ranged
from 0.27 L/day in Japan to 1.78 L/day in Indonesia. The
second type of fluid consumed in terms of volume was hot
beverages, with a daily intake ranging from 0.12 L/day in
Mexico to 1.03 L/day in UK, RSB was the third mostly
fluid consumed with a daily intake ranging from 0.10 L/day
in China to 0.57 L/day in Mexico.

@ Springer

Significant gender differences were inconsistently
observed across countries for the daily intake of different
types of beverages (supplementary Table 2). Water intake
was significantly higher among women than men in Ger-
many, Turkey and the total sample, whereas water intake
was lower among women than men in Brazil. Women had
a significantly higher milk intake then men in Brazil, Ger-
many and the total sample. A higher intake among women
than men was also observed for hot beverages in Mexico,
Spain, France and Poland. The significant difference in
RSB intake between genders was also inconsistent across
countries. In Brazil, Spain and Germany, women consumed
less RSB than men, whereas in France and China women
consumed more RSB than men. The significant gender
effect on diet beverages was consistent, yet only present in
two countries: women consumed more diet beverages then
men in Spain and France. The mean intake of alcoholic
beverages was significantly higher among men than women
in Mexico, Brazil, Spain, France, Germany, Poland and
the total sample. Figure 1 represents the contribution (%)
of the different fluid types to TFI. Countries with similar
contribution patterns can be identified. Indonesia, China,
Spain, Iran, Turkey and France are countries with the larg-
est contribution of water to TFI, ranging from 47 to 78 %.
The second largest contributor to TFI, in all these countries,
was hot beverages. A different pattern was observed in
Mexico and Brazil. In these countries, the contribution of
RSB and juices to TFI was as large as the water contribu-
tion to TFL. This was also the case of Argentina, where the
contribution of juices and RSB is larger than the water con-
tribution; however, hot beverages are the primary contribu-
tor to TFI in this country. A high contribution of hot bev-
erages to TFI was also observed among Germany, Poland
and UK. However, unlike in Argentina, the contribution of
water to TFI was larger than the contribution of RSB and
juices. The contribution of water, juices, RSB and alcoholic
beverages to TFI was comparable in these three countries
(Germany, Poland and UK). The largest contribution of hot
beverages (50 %) and alcoholic beverages (14 %) to TFI
was observed in Japan.

Table 3 shows the mean energy intake from fluids. Total
mean energy intake of total fluid ranged from a minimum
of 182 kcal/day in Indonesia to a maximum of 817 kcal/day
in Germany. In the total sample, the highest mean energy
intake came from the consumption of milk and derivatives,
followed by alcoholic beverages and then hot beverages.
In Germany, Brazil, Iran, China and Spain, the milk and
derivatives consumption represented the highest energy
intake of all fluid types (299, 220, 182, 110 and 108 kcal/
day, respectively). In France and Japan, the highest energy
intake came from alcoholic beverages (95 and 159 kcal/
day. respectively), whereas in UK, Poland and Turkey, hot
beverages delivered the highest energy intake (205, 146
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Table 1 General characteristics of the study population, categorised by country and gender

n (%) Age (years) Age categories (years, %) Weight (kg) Height (m) BMI (kg.'mz]
18-29 30-39 40-49 =50
Mexico, 2012
Men 574 (38) 38.6 (37.4, 40.0) 355 18.3 17.2 28.9 ND ND ND
‘Woman 924 (62) 38.3(37.5.39.2) 33.0 223 21.0 23.7 ND ND ND
Brazil, 2008
Men 941 (49) 34.5(33.8,35.2) 395 253 25.4 9.8 ND ND ND
Woman 983 (51) 34.7 (34.0, 35.4) 6.8 27.7 25.5 10.0 ND ND ND
Argentina, 2009
Men 241 (47) 37.1(35.3,38.8) .6 21.6 18.3 21.6 ND ND ND
Woman 266 (56) 37.8(36.2,39.4) 36.5 20.7 17.3 25.6 ND ND ND
Spain, 2012
Men 630 (51) 42.9 (41.8, 44.0) 18.6 25.4 23.3 32.7 78.8 (77.8, 79.8) 1.7(1.7, 1.7) 26.1 (25.8, 26.4)
Woman 610 (49) 43.0 (41.9,44.1) 19.5 21.5 26.2 328 65.2 (64.3, 66.1) 1.6 (1.6, 1.6) 25.1(24.7,254)
France, 2012
Men 804 (52) 47.6 (46.5, 48.6) 15.7 16.8 18.4 49.1 80.5 (79.6, 81.5) 1.7 (1.7, 1.8) 26.1 (25.8, 26.4)
Woman 730 (48) 41.5 (40.5, 42.5) 222 232 24.5 30.1 65.5 (64.4, 66.6) 1.6 (1.6, 1.6) 24.2 (23.8, 24.6)
UK, 2010
Men 371 (41) 46.3 (44.7, 47.9) 16.7 20.8 20.2 423 ND ND 28.8 (28.2, 29.5)
Woman 526 (59) 42.2 (41.0,43.4) 19.6 26.4 253 28.7 ND ND 25.9(25.3,26.5)
Germany, 2012
Men 856 (45) 44.1 (43.2, 44.9) 16.4 20.1 26.5 37.0 81.6 (80.3, 82.8) 1.8 (1.8, 1.8) 25.8(25.4,26.2)
Woman 1012 (54) 41.9 (41.2,42.7) 17.5 223 30.6 29.5 77.0(75.9,78.2) 1.7(1.7,1.7) 27.3 (26.8,27.7)
Poland, 2014
Men 517 (49) 46.0 (44.5. 47.4) 19.5 19.0 19.1 42.4 82.8 (81.6. 84.00 1.8 (1.7, 1.8) 26.6 (26.3, 27.0)
‘Woman 545 (51) 46.2 (44.8, 47.6) 19.4 20.7 16.5 43.3 70.1 (68.9,71.3) 1.6(1.6,1.7) 25.5(25.1,25.9)
Turkey, 2011
Men 488 (51) 34.4 (33.4,35.3) 37.7 273 24.2 10.9 75.9 (74.8,77.0) 1.7 (1.7, 1.7) 25.0(24.7,25.4)
‘Woman 473 (49) 34.3 (33.4,35.3) 38.5 27.9 22.6 11.0 65.8 (64.6, 67.1) 1.6 (1.6, 1.6) 25.0 (24.5, 25.5)
Iran, 2011
Men 283 (49) 37.3(35.8,38.8) 36.7 24.0 19.4 19.8 79.3(77.7,81.0) 1.7(1.7, 1.8) 25.8(25.3,206.2)
‘Woman 289 (51) 36.5(35.1,37.9) 353 28.0 20.1 16.6 63.9 (62.6, 65.3) 1.6 (1.6, 1.6) 24.9(24.3,254)
China, 2010
Men 733 (50) 39.5 (38.6, 40.4) 247 252 25.8 243 67.4 (66.6, 68.2) 1.7 (1.7, 1.7) 23.2(23.0,23.5)
Woman 733 (50) 39.3 (38.5,40.2) 247 25.6 25.8 239 55.9 (55.3,56.5) 1.6 (1.6, 1.6) 22.1(21.9,22.3)
Indonesia, 2012
Men 444 (32) 35.5(34.3,36.7) 39.4 25.7 16.9 18.0 ND ND ND
Woman 922 (68) 35.1 (34.4,35.8) 39.3 28.5 17.6 14.6 ND ND ND
Japan, 2009
Men 698 (51) ND 26.6 274 21.5 245 ND ND ND
Woman 683 (49) ND 26.1 27.1 21.1 258 ND ND ND
Total population®
Men 7580 (47) 40.6 (40.3, 40.9) 27.0 22.8 220 28.3 77.9(77.5,78.4) 1.7(1.7, 1.7) 25.6(25.4,25.7)
Woman 8696 (53) 39.2 (38.9, 39.5) 28.0 24.8 233 23.9 67.0 (66.6, 67.5) 1.6 (1.6, 1.6) 25.0(24.8,25.1)

Data expressed as mean (95 % CI) or percentage
BMI body mass index, ND no data
* Include only those countries with data available on the presented characteristics
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ferent types of beverages to TFI .
stratified by country Indonesia -
China .
Iran S = Water
Turkey N m Milk and derivates
Poland I Hot beverages
Germany [ — .
Juices
UK I
W Regular sweetened beverages
France — - ‘
Spain —— Diet sweetened beverages
Argentina — W Alcoholic beverages
Brazil mmmm ™ Other beverages
Mexico I
Total population -
0% 20% 40% 60% BO% 100%
Table 3 Energy intake (in kcal) of different types of fluid intake by country and total population
Milk and Hot Juices Regular sweetened  Diet Alcoholic Total fluid
derivates beverages beverages beverages beverages intake
Mexico 200 (189, 211) 25(23,27) 80 (74, 86) 232(220, 243) 3(2,3) 25 (19, 30) 565 (547, 583)
(n = 1498)
Brazil 220 (208, 232) 62 (57, 66) 216 (207, 225) 82 (76, 89) 1(1. 1) 113 (98, 129) 694 (672, 716)
(n=1924)
Argentina 168 (153, 183) 184 (172, 197) 123 (108, 139) 147 (124, 170) 27(23,31) ND 649 (622, 676)
(n = 507)
Spain (n = 1240) 108 (96, 119) 61 (58, 64) 42 (38, 47) 63 (56, 69) 54,7 149 (135, 164) 428 (408, 447)
France (n = 1534) 66 (59, 73) 78 (75, 82) 27 (25, 29) 52 (48, 57) 4(3,5) 95 (87, 103) 329 (318, 340)
UK (n = 897) 98 (86, 110) 205 (196, 215) 54 (48, 60) 151 (138, 164) ND* 148 (132, 164) 656 (633, 679)
Germany 209 (279, 318) 138 (133, 143) 81 (75, 88) 108 (100, 116) 2(1,2) 187 (174, 199) 817 (792, 842)
(n = 1868)
Poland (n = 1062) 83 (76,91) 146 (142, 150) 41 (38, 45) 70 (65, 76) ND* 76 (68, 84) 415 (401, 428)
Turkey (n = 961) 65 (56, 74) 102 (97, 107) 55 (48, 62) 85 (77,94) 00, 1) 8(5,12) 314 (298, 330)
Iran (n = 572) 182 (167, 196) 102 (97, 107) 29 (26, 32) 50 (44, 56) 2(1,2) ND 365 (347, 383)
China (n = 1466) 110 (103, 117) 91 (83,98) 9(8, 1) 41 (36, 45) ND* 69 (59, 79) 320 (305, 336)
Indonesia 48 (41, 54) 52 (48, 55) 8(6,9) 74 (64, 84) ND* ND 182 (170, 194)
(n = 1366)
Japan (n = 1381) 84 (77, 90) 151 (146, 155) 26 (24, 29) 40 (36, 44) ND* 159 (146, 172) 460 (444, 475)
Total population 140 (137, 144) 99 (97, 101) 64 (62, 66) 91 (88, 93) 2(2,3) 91 (87, 94) 490 (483, 496)

(n = 16,276)

Data expressed as mean (95 % CI)
ND no data

“ In case of UK, Poland, China, Indonesia and Japan, the intake of diet beverages was included in the regular sweetened beverages category

and 102 kcal/day, respectively). In Mexico and Indonesia,
the highest energy intake from fluids came from RSB (232
and 74 kcal/day, respectively). Significant gender differ-
ence in energy intake provided by the different fluid types
was also observed (Supplementary Table 3). In the total
sample, men had a significantly higher mean energy intake

from RSB and alcoholic beverages than women. Women on
the other hand had a higher energy intake provided by milk
and derivatives than men.

Figure 2 shows the proportion of participants exceeding
the WHO recommendation on energy intake provided by free
sugar, solely by the intake of fluids. The highest proportion

@ Springer
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Fig. 2 Participants exceeding WHO recommendations for free sugar (<10 % of energy), considering only fluid intake

of adults exceeding the WHO recommendation was observed
in Germany (70.9 %), followed by Brazil (65.7 %), Mexico
(65.1 %), UK (61.5 %) and Argentina (60.4 %), whereas
the lowest proportion was observed in Indonesia (10.9 %).
Considering all countries together, 44.5 % of the population
exceeded the WHO recommendations on energy intake pro-
vided by free sugar, solely by fluids.

Discussion

The aim of the present analysis was to collate and describe
the intake of water and all other fluids of adults of 13 cross-
sectional surveys, which used the same 7-day fluid-spe-
cific record. This unique compilation of national surveys
conducted in large sample of participants from different
countries demonstrated that not only the volume, but also
the contribution of the different fluid types to TFI varied
substantially between countries. Nevertheless, some coun-
tries that seemed to be geographically linked share similar
patterns. The fluid intake of the countries relatively close
to the Mediterranean Sea (Spain, France, Turkey and Iran)
and also the two Asian countries (Indonesia and China)
was characterised by a high contribution of water to TFI,
ranging from 47 to 78 %. In North European countries
(UK, Poland and Germany), the highest contribution to
TFI came from hot beverages. The fluid intake of the three
countries of Latin America was characterised by a high
contribution of juices and RSB, which is as important as
the contribution of water to TFI. Due to these substantial
inter-geographical area differences in fluid intake contribu-
tion, the pooled data of all countries should be interpreted

@ Springer

with caution. Identifying factors that could explain these
observed between-country differences was not the aim of
the current analysis, yet several hypotheses can be made.
One of the possible factors explaining the between-coun-
try differences is climate and seasonality. Studies analys-
ing seasonality of fluid intake indicated that temperature
and seasons affected both volume and choice of beverages
type [36]. However, Tani et al. [37] reported that in China
an increase of 1 °C in the mean outdoor air temperature on
the survey day was associated with an increased intake of
water from fluids by only 8.4 mL/day (P < 0.0001) and that
the influence of humidity was non-significant. Therefore,
it seems unlikely that the differences observed between
countries in volumes of beverage can be explained by cli-
mate alone. The impact of seasonality on the reported fluid
intake between countries cannot be evaluated in this study,
because in each survey data collection took place once
during a period of the year with a mild climate (spring or
autumn). Other factors to take into consideration when
assessing the between-country variability are cultural and
traditional habits, which unfortunately were not evaluated
in the present study.

The data in the current analysis are in line with data
reported in other published surveys. The fluid intake pattern
with a high contribution of water to TFI characteristically
for the Mediterranean countries was also reported in France
by Bellisle et al. [39] and in Italy by Leclercq et al. [38].
Even though Bellisle et al. [39] reported a lower TFI and
a higher intake of milk and alcoholic beverages in French
adults than observed in our French survey, a pattern char-
acterised by a relatively high contribution of water (43 %)
and hot beverages (20 %) was also observed. Furthermore,
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a high contribution of water to TFI (58 % in men and 67 %
in women) was also observed among ltalian adults [38].
Although Italy was not included in the current analysis, this
beverage pattern was similar than that we observed among
the countries relatively close to the Mediterranean Sea.

The intake of the North European countries in the cur-
rent surveys was characterised by a high intake of hot bev-
erages. The National Nutritional Survey II assessed food
intake of 15,371 German adults confirmed a similar con-
tribution of hot beverages (21 %) to TFI, even though they
reported higher volumes of all fluid types and a higher con-
tribution of water to TFI (42 vs. 32 % in the present study)
than in the current analysis. The contribution of juices and
RSB to TFI observed in the present analysis was also dif-
ferent compared with others surveys [40]. These differ-
ences can be explained in part because in the present study
these fluid types were split; however, the combined contri-
bution (juices plus RSB) of 20 % is comparable to the 17 %
observed in previous studies. For the UK, two previously
published surveys reported TFI volumes and energy intake
provided by beverages among adults that were in line with
our observations [22, 41]. A survey performed in another
North European country not included in the current analy-
sis, Finland, also showed a fluid intake pattern character-
ised by a high contribution of water (34 and 51 % for men
and women, respectively) and hot beverages (39 and 37 %
for men and women, respectively) to TFI [42].

In Latin American countries, publications reporting
fluid intake in adults were mainly focussed on the intake of
caloric beverages and covered only the Mexican population
[43. 44]. These two Mexican surveys described volumes of
intake for the different fluid categories comparable to those
in the current analysis. However, in both studies mean
energy intake from fluids (372 and 382 kcal/day/per capita,
respectively) was estimated to be lower than that estimated
in the present study, which could be probably explained by
a different classification of the beverages and the use of dif-
ferent food composition data.

The results obtained in the present international survey
highlight the need to educate adults about the nutritional
composition of the different fluids. As observed in previ-
ous studies, an accurate education programme and pub-
lic health actions would be effective to encourage regular
consumers to decrease their RSB consumption with water
or other non-caloric beverages, in order to decrease the
risk of chronic disease such as type 2 diabetes [23, 45] or
overweight/obesity [7]. Attention should also be paid to
fruit juices, because adult individuals still perceive bever-
ages such as squashes, fruit lemonades and fruit sodas as
a healthy option, and they should be advised about the low
fruit content and the higher amounts of sugar [46]. In this
present analysis, juices and RSB were separated into two
different categories, because the nutritional composition

is different. 100 % fruit juices could potentially contrib-
ute to daily vitamin and antioxidants intake [47]. However,
regarding sugar content, RSB and juices are comparable;
therefore, an increased intake should not be encouraged.

Several limitations of the fluid surveys or the current
analysis need to be discussed. As often happens in nutri-
tional research, the self-reported surveys collecting the
intake of fluids are open to potential bias due to the over-
or under-reporting of certain fluid types. This limitation
can also be related to the current analysis, even though the
same 7-day fluid-specific record was used in all the sur-
veys. Another limitation was that the classification of diet
beverages was not performed in the same way in all coun-
tries and alcoholic beverages were not recorded in some
surveys, which limited the comparison between coun-
tries. Sugar and energy content per 100 mL of fluid type
was used for the estimation of the energy and sugar con-
sumed from each beverage in all countries. These were an
approximate estimation of the reality, since the same fluid
type of the same brand can have a different nutritional
composition depending on the country. Additionally, sugar
or other ingredients added by the consumer to the fluids
were not taken into account for the calculation of energy
intake. Therefore, the energy intake from fluids is likely to
be underestimated. For the evaluation of the percentage of
energy provided by free sugar, total energy intake had to
be estimated since no food data were collected. The lack
of food data also limited the interpretation of the data on
energy intake from fluids. However, evidence suggested
that a fluid-specific record might more accurately esti-
mate fluid intake compared with a food and fluid record
[48]. Since the primary aim of all 13 surveys included was
to assess fluid intake, the preference was given to record
fluids only. Due to the lack of anthropometric data of the
participants in certain countries, the calculations had to be
based on population means of energy intake. Nevertheless,
this assumption was considered to be acceptable in epide-
miological studies since the individual surveys aimed at
collecting data from a nationally large sample of individu-
als and also because the energy intake data for the food
balance sheets were recorded during the same year of the
fluid surveys.

Despite these methodological limitations, this analysis
has several strengths. This analysis is unique as it collated
data of 13 surveys with relatively large sample sizes and an
equal distribution between both genders. The compilation
also contains original data from countries, which previ-
ously had no internally published fluid intake data availa-
ble. The third strength is the use of the same 7-day fluid-
specific diary in all the surveys that was also supported
by a photographic booklet to limit the self-reporting error.
Finally, the intake of drinking water and all other fluids
were reported, in the 13 surveys except alcoholic beverages

@ Springer
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Supplementary file 1. Classification of the fluid types

Classification
Detailed Fluid types

of fluids
Water Still water, unflavored sparkling water, tap/filtered/boiled water
Milk and Low fat and full fat milk, fermented milk, ready-to-drink milk, flavored milk, yogurt

1 an

o milk, atole/champurado, raw milk, powder milk, powder/syrup flavored milk, fruit

derivatives

shake with milk, cocoa compound with milk

Hot beverages

Coffee, Coffee from coffee maker (e.g.: homemade coffee, dolce gusto, others), powder
coffee, instant coffee, vending machine coffee, restaurant/franchise coffee, homemade

hot/cold tea (from tea bags or leaves), infusions (herbal)

Juices

Packages fruits & vegetable juices (packaged juices (fruits or vegetables), packaged
orangeade, packaged nectars, Eskimos/smoothies), aguas frescas, natural fruits &
vegetables juices (natural fruit/vegetable juices, restaurant lemonade/orangeade),

sugarcane juice

Regular sweetened

beverages

Carbonated sweet beverages (CSB): cola carbonated drinks, flavored carbonated drinks
flavored sparkling water, tonic, soda, flavored packaged water, flavored waters made
with powder or concentrate/syrup, fruit shake with powder, ready to drink tea, ready to
drink ice tea, sports drinks (e.g. Aquarius), vitamin/ functional drinks (fiber, vitamin
and cooling drinks, e.g. C1000 Vitamin Lemon), energy drinks, cocoa prepared with

water

Diet beverages

Diet sweet beverages (packaged light juices, diet/light/zero cola carbonated drinks,

diet/light/zero flavored carbonated drinks)

Alcoholic

beverages

drinks,

packaged/canned alcoholic beverages, spirits, cocktails

Beer, lager, beer mix wine, champagne, aperitifs and digestives,

Other beverages

* Beverages identified by participant as “other than listed above”
» Packaged soy drinks, traditional Indonesian drinks, Jamu (Indonesia), Agua de arroz
(Mexico), diet drinks as meal replacement(slim fast), Ready to drink soy based juice,

Ayran (Turkey)
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Supplementary file 2. Total daily consumption of different types of fluids (L/day) stratified by gender

Mexico

Men (n=374)

Women (n=924)
Brazil

Men (n=941)

Women (n=983)
Argentina

Men (n=241)

Women (n=266)
Spain

Men (n=630)

Women (n=610)
France

Men (n=804)

Women (n=730)
UK

Men (n=371)

Women (n=526)
Germany

Men (n=856)

Women (n=1012)
Poland

Men (n=317)

Women (n=545)
Turkey

Men (n=488)

Women (n=473)
Iran

Men (n=283)

Women (n=289)
China

Men (n=733)

Women (n=733)
Indonesia

Men (n=444)

Women (n=922)
Japan

Men (n=698)

Women (n=683)
Total population

Men (n=7580)

Women (n=8696)

Water

0.64 (059, 0.69)°
0.73 (0.69, 0.78)

0.87(0.83,0.92)°
0.78 (0.74, 0.82)

0,36 (0.30,0.42)
0,41 (0.35,0.46)

0.97(0.92, 1.02)
1.05 (1.00, 1.10)

0.75 (0.72, 0.79)
0.76 (0.73, 0.80)

0.49 (043, 0.56)
0.52 (046, 0.57)

0,75 (0.70,0.81)*
0.81(0.77,0.86)

0.48 (0.45,0.52)
0.44 (0.40,0.47)

0.98 (0.92, 1.04)*
1L11(1.05,1.17)

0,96 (0.89, 1.03)
0,97 (0.89, 1.04)

0.98 (0.92, 1.03)
0.94 (0.89, 0.99)

1.82(1.72,1.92)
1.76 (1.70, 1.83)

0.27(0.24,0.29)
0.28 (0.25,0.31)

0.80 (078, 0.81)°
0.85 (0.83, 0.86)

Milk and
derivates

020 (0.18,0.22)
0.18(0.17,0.20)

0.20(0.18,021)°
0.22(0.21,0.24)

0.16 (0,14, 0.18)
0.16 (0.14,0.18)

0.11(0.09,0.13)
0.09(0.08,0.11)

0.07(0.06, 0.08)
0.06 (0.05,0.07)

0.09 (0.07,0.10)
0.10(0.08,0.11)

0.25(0.22,0.28)°
0.32(0.29,0.34)

0.08 (0.07, 0.09)
0.08(0.07, 0.09)

0.05 (0.04,0.07)
0.07 (0.06, 0.08)

0.18 (0.16, 0.20)
0.17(0.15,0.19)

0.11(0.10,0.12)
0.10(0.09,0.11)

0.04 (0.03, 0.05)
0.05(0.04, 0.05)

0.08 (0.07, 0.08)
0.08(0.07,0.09)

0.13(0.12,0.13)°
0.14(0.13,0.14)

Hot beverages

0.11(0.10, 0.12)*
0.14(0.12,0.15)

0.28(0.25, 0.31)
0.33(0.29,037)

0.96 (0.87, 1.05)
0.89 (0.80, 0.98)

0.26(0.24,0.28)*
0.35(0.32,0.37)

0.35(0.33,0.37)"
044 (0.41,0.47)

100 (0.92, 1.07)
1.05 (0.9, 1.11)

0.70 (0.6, 0.74)
0.68 (0.64, 0.72)

0.71(0.68,0.73)"
0.75(0.73, 0.78)

0.50 (047, 0.54)
0.52(0.48, 0.55)

0.53 (0.49, 0.56)
0.49 (045, 0.53)

0.45 (0.40,0.51)
0.45 (0.40, 0.50)

0.25(0.22,0.28)
0.26 (0.24,0.28)

0.74(0.71,0.78)
076 (0.73, 0.80)

049 (0.48, 0.50)
0.50 (0.49, 0.51)

Juices

0.18 (0.15,020)
0.18 (0.16,0.19)

0.49 (0.46,0.52)
0.47 (0.4, 0.49)

0.27(021,032)
0.28 (0.24,032)

0.10(0.08,0.12)
0.09 (0.08, 0.10)

0.06 (0.06,0.07)
0.06 (0.05, 0.06)

0.11(0.09,0.13)
0.12(0.11,0.14)

0.18 (0.15, 0.20)
0.18(0.16,0.20)

0.10(0.08,0.11)
0.09 (0.08, 0.10)

0.13(0.11,0.15)
0.11 (0.09,0.13)

0.07 (0.06, 0.09)
0.06 (0.05,0.07)

0.02 (0,02, 0.02)
0.02 (0.02,0.02)

0.02(0.01,0.02)
0.02 (0.01, 0.02)

0.06 (0.05, 0.06)
0.07(0.06,0.08)

0.14(0.14,0.15)
0.14(0.14,0.15)

Regular
sweetened
beverages

0.58(0.54,0.63)
0.56(0.52, 0.59)

0.27(0.24,0.29)°
0.19(0.18,0.21)

0.39(0.31,0.47)
0.34(0.27,0.42)

0.18(0.15,0.20)*
0.13 (0.11, 0.15)

0.11(0.10,0.12)*
0.14(0.12,0.15)

0.37(0.33,042)
0.36 (0.32, 0.40)

0.28(0.25,0.32)*
0.23(0.21,0.26)

0.18(0.16,0.20)
0.16 (0.14,0.17)

0.20(0.18,0.23)
0.20(0.17,0.23)

0.12 (0.1, 0.14)
0.13 (0.1, 0.16)

0.09 (0.07, 0.10)*
0.11(0.09, 0.12)

0.20(0.15, 0.24)
0.17(0.14,0.20)

0.09 (0.08, 0.10)
0.11(0.09, 0.12)

0.21(0.20,0.22)°
022(0.21,0.23)

Diet beverages

0.01 (0.01,0.02)
0.02(0.01,0.03)

0.00 (0.00, 0.01)
0.01 (0.00,0.01)

0.17(0.13,0.20)
0.21(0.17,0.26)

0.03 (0.01, 0.04)*
0.05 (0.03, 0.06)

0.02 (0.02, 0.03)°
0.04 (0.03, 0.04)

ND
ND

0,01 (0.01,0,01)
0.01 (0.01,0.02)

ND
ND

0.00 (0.0, 0.01)
0.00 (0.00, 0.00)

0.01 (0.01,0.02)
0.02(0.01,0.02)

ND
ND

ND
ND

ND
ND

0.02 (0.01,0.02)
0.02 (0.02,0.02)

Alcoholic
beverages

0.05 (0.03, 0.06)*
0.02 (0.01, 0.03)

0.22 (0.18,0.25)
0.08 (0.06, 0.11)

ND
ND

0.29(0.25,0.32)*
0.11 (0.09, 0.12)

0.17(0.16,0.19)*
0.07 (0.06, 0.08)

0.17(0.15, 0.20)
0.21 (0.18,0.24)

0.32(0.29,0.38)*
0.19 (0.17,0.21)

0.15(0.13,0.17)*
0.05 (0.04,0.06)

0.01(0.00,0.02)
0.01(0.00,0.02)

ND
ND

0,10 (0.08,0.12)
0.09 (007, 0.10)

ND
ND

0.22(0.19,0.24)
0.20 (0.18,0.23)

0,16 (0.15,0.17)*
0.09 (0.08, 0.09)

Other beverages

0.00 (0.00, 0.00)
0.00 (0.0, 0.00)

0.00 (0.00, 0.00)*
0.01 (0.00,0.01)

0.00 (0,00, 0.01)
0.00 (0.00, 0.00)

ND
ND

ND
ND

0.00 (0.00, 0.00)
0.00(0.00,0.01)

0.01 (0.01,0,02)
0.01 (0,01, 0.01)

0.00 (0.00,0.01)
0.00 (0.00, 0.01)

026 (0.23,0.28)
025 (0.22,0.28)

0.06 (0.05, 0.07)
0.08 (0.06, 0.09)

0,03 (0.02, 0.03)
0.03 (0,03, 0.04)

0.02 (0.01,0.02)
0.01 (0.01,0.02)

0.01 (0.01,0.02)
0.02(0.01,0.02)

0.02(0.02,0.03)
0.02(0.02,0.02)

Total Fluid
Intake

1.77(1.70, 1.85)
1.84 (1.77, 1.90)

234(227,242)°
2.10(2.03,2.17)

2.32(2.20,2.44)
229(2.17,242)

1.94 (1.87, 2.00)
1.87 (1.80, 1.93)

1.55(1.50, 1.60)
1.57(1.52, 1.62)

224(2.15,232)°
237(2.30,245)

2.51(2.45,2.57)
245(2.39,2.50)

1.70 (1.66, 1.75)*
1.57(1.53, 1.62)

2.15(2.07,2.24)
227(2.17,2.37)

1.92(1.83,2.02)
1.92(1.83,2.02)

178 (1.71, 1.85)
1.75(1.68, 1.81)

233(223,243)
2.26(2.19,2.32)

147(142,1.52)
1.52(147, 1.57)

1.97(1.95, 1.99)
1.98 (1.96, 2.00)

Data expressed as mean (95% CI). Abbreviation: ND, no data.* P-value <0.05 for men vs, women, with a Bonferroni correction applied during the post-hoc test
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Supplementary file 3. Energy intake from different types of fluid intake (kcal/day) stratified by gender

Milk and derivates  Hot beverages Juices Regular sweetened  Diet beverages Alcoholic beverages  Total Fluid Intake
beverages

Mexico

Men (n=574) 212(193, 231) 22(19,24)° 80 (70, 91) 239(220, 258) 2(1,3) 35(25,46)" 590 (560, 620) *

Women (n=924) 192 (179, 206) 27(24,30) 80(72,87) 229(214, 244) 3(2,4) 18(12,24) 549 (526, 572)
Brazil

Men (n=941) 207 (189, 224)° 57(51,62) 222 (209, 236) 96 (86, 106) * 10,1 165 (139, 190)® 748 (714, 783) °

Women (983) 232 (216, 249) 66 (59, 74) 210(198, 222) 69 (62, 76) 1(1, 1) 64 (46, 82) 642 (614, 670)
Argentina

Men (n=241) 169 (147, 192) 191 (173, 209) 121 (97, 146) 158 (124, 192) 23(18,29) ND 662 (620, 705)

Women (n=266) 168 (147, 188) 178 (160, 195) 125 (107, 144) 136 (106, 167) 30 (24, 36) ND 637 (603, 671)
Spain

Men (n=630) 116 (97, 135) 52(48,56)° 45 (38, 53) 72(61,82) 4(2,6)" 216 (192,241)° 505 (473, 537)°

Women (n=610) 100 (87, 112) 70(65,74) 39(34,44) 52 (44, 59) 7(5,9) 80 (67, 94) 348 (328, 368)
France

Men (n=804) 71 (60, 81) 70 (66, 74)* 28(25,31) 47 (41, 53)° 3(2.4)° 131 (119, 143)* 358 (341, 375)°

Women (n=730) 61(51,71) 88 (82,93) 26(23,29) 58 (51, 65) 5(4,6) 55(48,63) 297 (283, 311)
UK

Men (n=371) 90 (75, 105) 200 (184, 215) 50 (41,59) 154 (134, 173) ND 130 (110, 151) 624 (391, 657)°

Women (n=526) 104 (87, 120) 210(197,222) 56 (48, 65) 148 (130, 166) ND 160 (138, 183) 678 (646, 711)
Germany

Men (n=856) 262(233,291)° 140 (132, 148) 80 (70, 90) 120(107,133)* 1(1,2) 239(218,261)" 841 (804, 878)

Women (n=1012) 330(303, 357) 136 (129, 143) 83(74,92) 98 (87, 109) 2(2,3) 142 (129, 156) 797 (764, 830)
Poland

Men (n=517) 80(70,91) 141 (136, 147)° 44 (38, 50) 76 (67, 84) ND 115 (101, 129)® 453 (431,475)°

Women (n=545) 86 (75,97) 150 (145, 155) 39(35,44) 66 (59, 72) ND 39(33,45) 378 (362, 394)
Turkey

Men (n=488) 57(45,70) 101 (94, 108) 60 (50, 70) 86 (75,97) 1(0,1) 9(3,15) 300 (278, 322)

Women (n=473) 72 (59, 86) 103 (96, 111) 50(41,59) 85(72,97) 0(0, 1) 8(3,13) 329 (306, 352)
Iran

Men (n=283) 186 (165, 206) 106 (98, 113) 29(25,34) 45(37,52) 2(1,2) ND 368 (343, 394)

Women (n=289) 178 (157, 199) 98 (91, 105) 29(24,33) 55 (46, 65) 2(1,3) ND 362 (336, 388)
China

Men (n=733) 113 (103, 122) 91 (80, 102) 9(7,11) 37(32,43)* ND 73 (56, 89) 323 (301, 346)

Women (n=733) 107 (97, 117) 90 (80, 101) 9(7,11) 47 (41,53 ND 65(52,78) 318 (296, 340)
Indonesia

Men (n=444) 45 (35, 56) 51(45, 56) 8(5,10) 82 (63, 101) ND ND 186 (164, 209)

Women (n=922) 49 (41, 57) 52 (48, 56) 8(6,10) 71 (60, 82) ND ND 180 (165, 195)
Japan

Men (n=698) 80(72, 88) 148 (141, 155) 25(22,28) 37(32,42) ND 165 (146, 183) 455 (433,478)

Women (n=683) 88 (78, 99) 153 (146, 160) 27(24,31) 44 (38, 50) ND 153 (135, 172) 465 (443, 486)
Total population

Men (n=7580) 135 (130, 140)® 98 (95, 100) 65 (62, 68) 88 (84,91)° 2(2,3) 119 (113, 125)* 512 (503, 522)*

Women (n=8696) 145 (140, 150) 100 (98, 102) 64 (61, 66) 93 (90, 97) 3(2,3) 66 (62, 70) 469 (461, 478)

Data expressed as mean (95% CI). Abbreviation: ND, no data.* P-value <0.05 for men vs. women, with a Bonferroni correction applied during the post-hoc test
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Results

6.6. Frequent consumption of sugar- and artificially sweetened beverages, and
natural and bottled fruit juices is associated with an increased risk of

metabolic syndrome in a Mediterranean population at high CVD risk.

Ferreira-Pégo C, Babio N, Bes-Rastrollo M, Corella D,Estruch R, Ros E, Fit6 M, Serra-Majem L,
Arés F, Fiol M, Santos-Lozano JM, Mufioz-Bravo C, Pinté X, Ruiz-Canela M, Salas-Salvadé J;
PREDIMED investigators. ] Nutr. 2016; 146(8):1528-36. PMID: 27358413. doi:
10.3945/jn.116.230367.

Study 6 overview. Novelty and significance.

What is already known?

- MetS entails an increased risk of T2DM, CVD and cause-specific mortality.

- Most of the studies relating the consumption of sweetened beverages and MetS are cross-
sectional, so their potential for discerning relationships is limited. To date, only four
prospective studies had investigated the association between the consumption of sweetened
beverages and MetS incidence, with contradictory results.

What this study adds?

- Individuals consuming >5 servings/week of total SSBs had a higher risk of MetS as a whole
[HR: 1.43, 95% CI: 1.00-2.15] and some of its components as low HDL-cholesterol and high
blood pressure, compared to those consuming fewer than one per week.

- Similar results were found also for artificially sweetened beverages [HR: 1.74, 95% CI: 1.26-
2.41], natural fruit juices [HR: 1.30, 95% CI: 1.00-1.69] and bottled fruit juices [HR: 1.14, 95%
CI: 1.04-1.65].

- A higher risk between the frequent consumption of artificially sweetened beverages and
abdominal obesity and hypertriglyceridemia was also found.

- Frequent consumption of bottled fruit juices was related with a higher risk of
hypertriglyceridemia, and natural fruit juices frequent consumption increased the risk of
abdominal obesity, both components of MetS.

Summary

- This study provided further evidence of the positive relationship between the frequency of
sugar- and artificially sweetened beverages and natural and bottled fruit juices consumption
and the risk of MetS and its components in a Mediterranean population at high cardiovascular
risk.

-181-



UNIVERSITAT ROVIRA I VIRGILIT
ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH
Cintia Sofia Ferreira Pé&go



UNIVERSITAT ROVIRA I VIRGILI

ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH

Cintia Sofia Ferreira Pé&go

JN THE JOURNAL OF NUTRITION

The Journal of Nutrition. First published ahead of print June 29, 2016 as doi: 10.3945/jn.116.230367.

The Journal of Nutrition
Nutrition and Disease

Frequent Consumption of Sugar- and Artificially
Sweetened Beverages and Natural and Bottled
Fruit Juices Is Associated with an Increased
Risk of Metabolic Syndrome in a Mediterranean
Population at High Cardiovascular Disease
Risk'3

Cintia Ferreira-Pégo,™* Nancy Babio,™* Maira Bes-Rastrollo,*”"'® Dolores Corella,** Ramon Estruch,
Emilio Ros,”!'® Montserrat Fito,>!! Lluis Serra-Majem,>*!? Fernando Aros,**®'* Miguel Fiol,*'*
José Manuel Santos-Lozano,”!® Carlos Muifioz-Bravo,'® Xavier Pinto,”!” Miguel Ruiz-Canela,””'® and
Jordi Salas-Salvad6*°* on behalf of the PREDIMED Investigators

5,6,9

“Human Nutrition Unu, llmpnml Unnersxmn de Sant Joan de Reus, Faculty of Medicine and Health Sciences, ISPV (Institut d'Investigacio
S Department, Universitat Rovira i Virgili, Reus, Spain; *CIBEROBN (Centro de Investig
Biomédica en Red Fisiopatologia dL la Obesidad y Nutricién) and “Prevention with Mediterranean Diet Research Network (PREDIMED),
Instituto de Salud Carlos Il (ISCIII), Madrid, Spain; “Department of Preventive Medicine and Public Health, School of Medicine, University of
Navarra, Pamplona, Spain; *Department of Preventive Medicine, University of Valencia, Valencia, Spain; *Department of Internal Medicine and
"’L:pxd Clinic, Endocrinology, and Nutrition Service, Institut d’Investigacions Biomédiques August Pi Sunyer, Hospital Clinic, University of

1 B lona, Spain; ' Cardi lar Risk and Nutrition Research Group, Medical Research Institute of Del Mar Hospual Barcelona,
Spain; "*Research Institute of Biomedical and Health Sciences, University of Las Palmas de Gran Canaria, Las Palmas, Spain; '*Department of
Cardiology, University Hospital Araba, Vitoria, Spain; '*Palma Institute of Health Research, Hospital Son Espases, Palma de Mallorca, Spain;
!SDepartment of Family Medicine, Distrito Sanitario Atencion Primaria Sevilla, Centro de Salud San Pablo, Seville, Spain; '°Department of Public
Health and Psychiatry, University of Malaga, Malaga, Spain; '"Lipids and Vascular Risk Unit, Internal Medicine Service, University Hospital of
Bellvitge, Barcelona, Spain; and "*IDISNA (Instituto de Investigacion Sanitaria de Navarra), Pamplona, Spain

Abstract

Background: The relation between the consumption of sweetened beverages and metabolic syndrome (MetS) is
controversial.

Objective: This analysis evaluated the associations between intakes of sugar-sweetened beverages (SSBs), artificially
sweetened beverages, and natural and bottled fruit juices and the incidence of MetS in elderly individuals at high risk of
cardiovascular disease (CVD) and without MetS at baseline.

Methods: We prospectively examined 1868 participants free of MetS at baseline from the PREDIMED (PREvencion con
Dleta MEDiterranea) study. MetS was defined by using the updated harmonized criteria of the International Diabetes
Federation, the American Heart Association, and National Heart, Lung, and Blood Institute. Energy and nutrient intakes
were evaluated at baseline and then yearly by using a validated 137-item food-frequency questionnaire. Multivariable-
adjusted HRs for MetS and its components were estimated from mean intakes during follow-up. We compared the 2
highest consumption categories (1-5 and >5 servings/wk) with the lowest category (<1 serving/wk).

Results: A total of 930 incident cases of MetS were documented during a median follow-up of 3.24 y. When we compared
consumption of >5 servings/wk with consumption of <1 serving/wk, multivariable HRs (95% Cls) for MetS incidence were
1.43 (1.00, 2.15), 1.74 (1.26, 2.41), 1.30 (1.00, 1.69), and 1.14 (1.04, 1.65) for SSBs, artificially sweetened beverages,
natural fruit juices, and bottled fruit juices, respectively.

Conclusions: The occasional consumption of SSBs and artificially sweetened beverages (1-5 servings/wk) was not associated
with the incidence of MetS in middle-aged and elderly individuals at high risk of CVD. The consumption of >5 servings/wk of all of
the types of beverages analyzed was associated with an increased risk of MetS and some of its components. However, for
SSBs and bottled fruit juices these associations must be interpreted with caution because of the low frequency of consumption
in this population. This trial was registered at clinicaltrials.gov as ISRCTN35739639. J Nutr doi: 10.3945/jn.116.230367.
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Introduction
Metabolic syndrome (MetS)' is a cluster of metabolic alterations
associated with visceral obesity, including atherogenic dyslipidemia,
high fasting plasma glucose, and increased blood pressure (1). The
disorder entails an increased risk of type 2 diabetes (T2D),
cardiovascular disease (CVD), and cause-specific mortality (1-3).
Because the incidence of MetS is increasing in industrialized
countries in parallel with the obesity epidemic, this disorder has
become a major public health concern in developed countries (4).
Lifestyle modifications, such as engaging in more physical activity,
adopting a healthy dietary pattern, and maintaining normal
weight, are the first-line measures for both prevention (5-7) and
treatment of MetS (8).

In recent years, the intake of sugar- and artificially sweetened
beverages and fruit juices has steadily increased worldwide
among children, adolescents, and adults (9-12). An increase in
the intake of sweetened beverages has also been observed in
consumers of the Mediterranean diet (13), although it remains
lower than in other industrialized countries (14).

In recent decades, the relation between the consumption of
sweetened beverages and the development of MetS has been
investigated in epidemiologic studies. However, most of these were
cross-sectional (5, 15-19), so their potential for discerning
relations is limited. To date, to our knowledge, only 4 prospective
studies have investigated the association between the consumption
of sweetened beverages and MetS incidence, with contradictory
results (20-23). Three of these were part of a meta-analysis (24)
that concluded that a higher consumption of sugar-sweetened
beverages (SSBs) was associated with the development of MetS.
The fourth, not included in the aforementioned meta-analysis, was
conducted in a Mediterranean population (20) and suggested a

1 Supported in part by the Spanish Ministry of Health (ISCII; PI1001407,
PI113/00462, PID52584, PI071138), the Thematic Network (G03/140, RD0&/0045),
FEDER (European Regional Development Fund), the Centre Catala de la Nutricié de
I'Institut d’Estudis Catalans, and the Fundacio “La Marato de TV3" (294/C/2015).
2 Author disclosures: C Ferreira-Pégo, M Bes-Rastrollo, D Corella, M Fit6, M Fiol,
JM Santos-Lozano, C Mufoz-Bravo, and M Ruiz-Canela, no conflicts of interest.
N Babio has received travel and grant support through her institution from
Danone. R Estruch reports serving on the board of and receiving lecture fees
from the Research Foundation on Wine and Nutrition (FIVIN), serving on the
boards of the Beer and Health Foundation and the European Foundation for
Alcohol Research (ERAB), receiving lecture fees from Cerveceros de Espana and
Lilly, and receiving grant support through his institution from Novartis. E Ros
reports serving on the board of and receiving travel and grant support through his
institution from the California Walnut Commission and Alexion, serving on the
board of and receiving grant support through his institution from Amgen,
receiving lecture fees and grant support through his institution from Sanofi
Regeneron and Merck, receiving lecture fees and payment for the develepment
of educational presentations as well as grant support through his institution from
Ferrer, and receiving grant support through his institution from Pfizer. L
Serra-Majem is a member of the Scientific Advisory Board and has received
consulting fees and grant support from the European Hydration Institute; he has
received lecture fees from the International Nut Council and travel support for
conferences from Nestlé. F Ards has received payment for the development of
educational presentations from Menarini and Astra Zeneca. X Pintd received
grants for research through his institution from Amgen, Sanofi-Aventis, Rubio,
and Mylan and received lecture fees from Lacer. J Salas-Salvadé reports serving
on the board of Instituto Danone Espafia and receiving grant support through his
institution from Danone, Eroski, and Nestlé. None of the funding sources played
a role in the design, collection, analysis, or interpretation of the data or in the
decision to submit the manuscript for publication. CIBERobn is an initiative of
ISCIIl, Spain.

2 Supplemental Tables 1-3 and Supplemental Text are available from the “Online
Supporting Material” link in the online posting of the article and from the same link in
the online table of contents at http:/fjn.nutrition.org.

*To whom correspondence should be addressed. E-mail: jordi.salas@urv.cat.

'2 Abbreviations used: CVD, cardiovascular disease; ICC, intraclass correlation
coefficient; MetS, metabolic syndrome; PREDIMED, Prevencién con Dieta
Mediterranea; SSB, sugar-sweetened beverage; T2D, type 2 diabetes.

20of 9 Ferreira-Pégo et al.

positive association between changes in the consumption of SSBs
and incident MetS in university graduates.

To our knowledge, no studies have been performed on the
association between the mean consumption during the follow-
up of sweetened beverages and incident MetS in a Mediterranean
population of middle-aged to elderly adults. Therefore, the
aim of the present study was to examine the associations
between the average consumption of SSBs, artificially sweet-
ened beverages, and natural and bottled fruit juices and the
risk of MetS in the PREDIMED (PREvenciéon con Dleta
MEDiterranea) cohort of middle-aged and elderly individuals
at high risk of CVD.

Methods

Design and study population. The present study (clinicaltrials.gov;
ISRCTN35739639) was conducted within the framework of the
PREDIMED trial. Full details of the study design and protocol have been
published elsewhere (25, 26) and are available on the PREDIMED
study’s website (27). The PREDIMED study is a large, multicenter,
randomized parallel-group and controlled field trial conducted in Spain
for the primary prevention of cardiovascular events (a list of the
PREDIMED Investigators can be found in Supplemental Text). The main
results of the PREDIMED trial at the primary endpoints (a composite of
myocardial infarction, stroke, and cardiovascular mortality) have been
published (28). Briefly, between October 2003 and June 2009, a total of
7447 participants (men aged 55-80 y and women aged 60-80 y) were
randomly assigned to 1 of the 3 intervention groups: a Mediterranean
diet supplemented with extra-virgin olive oil (~50 mL/d), a Mediterranean
diet supplemented with mixed nuts (15 g walnuts, 7.5 g hazelnuts, and 7.5 g
almonds daily), or advice on a low-fat diet (control group). Participants had
no history of CVD at baseline but were at high cardiovascular risk because of
the presence of T2D or =3 of the following risk factors: current smoking
(>1 cigaretre/d during the past month), hypertension (systolic blood
pressure =140 mm Hg, diastolic blood pressure =90 mm Hg, or taking
antihypertensive medication), high LDL cholesterol (=160 mg/dL), low
HDL cholesterol (<40 mg/dL for men or <50 mg/dL for women), over-
weight or obese [BMI (in kg/m?) =251, or family history of premarure
CVD. Participants with severe chronic illness, drug or alcohol addiction,
history of allergy or intolerance to olive oil or nuts, and a low predicted
likelihood of changing dietary habits according to Prochaska and
DiClemente’s stages-of-change model (29) were excluded from the study.
The institutional review boards of each recruitment center approved the
protocol, and all of the subjects provided written informed consent. The
study follow-up ended in December 2010.

The present data were analyzed by using an observational prospective
design, and participants were selected from all of the PREDIMED
recruitment centers with biochemical determinations available for a
follow-up of =2 y (z = 5801). The main aim of the present report was to
explore the associations between the consumption of $5Bs, artificially
sweetened beverages, and natural and bottled fruit juices and the incidence
of MetS. For this reason, participants with MetS at baseline (7 = 3707)
were excluded. Those who did not complete the baseline FFQ or who
reported implausible total energy intakes (=500 and =3500 kcalid in
women and =800 and =4000 kcal/d in men) were also excluded. Of a
total of 2094 participants fulfilling these characteristics, 226 were
excluded because of missing data that prevented MetS from being
diagnosed. Of the 5801 participants, 1019, 1766, 1804, 240, and 1269 did
not meet the MetS criteria of abdominal obesity, hypertriglyceridemia, low
HDL cholesterol, high blood pressure, and high fasting plasma glucose
concentrations at baseline. Finally, 1868 participants were included in the
present analysis.

MetS. MetS was defined in accordance with the updated harmonized
criteria of the International Diabetes Federation, the American Heart
Association, and National Heart, Lung, and Blood Institute {1). Partic-
ipants were considered to have MetS if they had =3 of the following:
abdominal obesity for European individuals (waist circumference =88 cm
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in women and =102 cm in men), hypertriglyceridemia (=150 g/dL) or
drug treatment for high plasma TG concentrations, low HDL cholesterol
(<50 mg/dL in women and <40 mg/dL in men), high blood pressure (systolic
blood pressure =130 mm Hg or diastolic blood pressure =85 mm Hg) or
antihypertensive drug treatment, or high fasting glucose (=100 mg/dL) or
drug treatment for T2D.

Dietary assessment. Dietary intake was assessed by trained dietitians
with the use of a 137-item semiquantitative FFQ validated for the
PREDIMED study (30), which was administered at baseline and yearly
during follow-up. The reproducibility and relative validity of the FFQ
used in the present study were assessed for several nutrients and food
groups (30). The reproducibility and relative validity of the FFQ were
also assessed in relation to the consumption of SSBs, artificially
sweetened beverages, natural fruit juices (freshly extracted juice, for
which the only procedure accepted was the squeezing of the whole piece
of fruit), and bottled fruit juices (natural fruit juice that has been
chemically changed by using authorized methods and packed and
commercialized for subsequent consumption). By using the intraclass
correlation coefficients (ICCs) between the FFQ and dietary records, the
following reliabilities were found: 0.67 for SSBs, 0.46 for artificially
sweetened beverages, 0.81 for natural fruit juices, and 0.88 for bottled
fruit juices. In the reproducibility analysis, the ICCs were 0.69 for SSBs,
0.63 for artificially sweetened beverages, 0.71 for natural fruit juices,
and 0.48 for borttled fruit juices.

The intake of sweetened beverages and fruit juices was assessed
vearly by using 5 items (SSBs, artificially sweetened beverages, bottled
fruit juices, natural orange juice, and natural juices from other fruit)
from the FFQ. To assess habitual intake during the previous year,
frequencies of consumption were measured in 9 categories (from never
or almost never to =6 servings/d) for each FFQ item. The responses to
individual items were then converted into mean daily consumption (mlL/d)
during the follow-up by multiplying the typical portion sizes (mL) by the
consumption frequency for each food and making the appropriate division
for the period assessed to obtain the daily consumption. Each serving of
sweetened beverages was considered to be 200 mL. In the present analysis
the categories were SSBs, artificially sweetened beverages, narural fruit
juices (the result of combining narural orange fruit juice and other narural
fruit juices), and bottled fruit juices. Energy and nutrient intakes were
calculated by using Spanish food-composition tables (31, 32).

Anthropometric, biochemical, and lifestyle measurements. At
baseline and yearly, participants completed the following: 1) a question-
naire on medical history, medication use, and lifestyle variables; 2) a
14-item validated questionnaire designed to assess adherence to the
Mediterranean diet (33); and 3) a validated Spanish version of the
Minnesota Leisure Time Physical Activity Questionnaire (34). In addition,
at baseline and yearly thereafter, trained personnel measured weight and
height with the use of calibrated scales and a wall-mounted stadiometer.
Participants wore light clothing and no shoes. Waist circumference was
measured by using an anthropometric tape midway between the lower rib
and the superior border of the iliac crest. Blood pressure was measured in
triplicate after 5 min of rest by using a validared semiautomatic
sphygmomanometer (HEM-705CP; Omron), and the mean of these
measurements was recorded. Blood samples were collected after an
overnight fast, coded, shipped to a central laboratory, and stored at —80°C
until analysis. Biochemical analysis was performed in local laboratories.
Plasma glucose was analyzed by glucose-oxidase methodology, serum
cholesteral by esterase-oxidase-peroxidase, serum TGs by glycerol-
phosphate oxidase-peroxidase, and serum HDL cholesterol mainly by
direct measurement, or precipitation methodology. All local laborartories
satisfied external quality-control requirements. A concordance study of 9
laboratories was conducted. From each study, a mean of 200 samples was
analyzed for total cholesterol, HDL cholesterol, and TGs. The laboratory
of the Medical Research Institute of the Del Mar Hospirtal, which used
ABX-Horiba commercial kits in a PENTRA-400 autoanalyzer (ABX-
Horiba), was used as a reference. One center was unable to provide
samples for the concordance study. The concordance analysis of lipid
measurements showed the following values: #* [ICC (95% CI)] values
berween 0.85 and 0.97 [0.85 (0.77, 0.90) and 0.97 (0.95, 0.98)] for total

cholesterol, between 0.82 and 0.92 [0.81 (0.78, 0.83) and 0.92 (0.89,
0.95)] for HDL cholesterol, between 0.81 and 0.99 [0.81 (0.73, 0.87) and
0.99 (0.99, 0.99)] for TGs, and between 0.82 and 0.96 [0.82 (0.74, 0.88)
and 0.99 (0.99, 0.99)] for glucose.

Statistical analyses. Intakes reported during the baseline interview and
yearly during follow-up were averaged. The participants were classified
according to the frequency of servings of different beverages. To better
represent the long-term consumption of the different types of beverage,
we used the mean beverage consumption for all analyses on the basis of
assessments of items from all FFQs, which were made at baseline and
yearly during the follow-up for participants who did not develop MetS.
For those who did develop MetS, and because participants could have
changed their dietary pattern after developing MetS, we used only data
from all of the available FFQs until the year before MetS was diagnosed.
The baseline characteristics of the participants are expressed as means +
SDs or as medians (IQRs) for continuous variables and number and
percentages for categorical variables. Chi-square and 1-factor ANOVA
tests were used to assess differences in the baseline characteristics of the
study population. Multivariable time-dependent Cox proportional regres-
sion models were fitted to assess the HRs for the incidence of MetS and its
components during the follow-up according to servings (200 mL) of SSBs,
artificially sweetened beverages, natural fruit juices, and bottled fruit
juices. Both of the highest categories (1-5 servings/wk and >3 servings/wk)
were compared with the lowest category (<1 serving/wk) as a reference.
The assumption of proportional hazards was tested with time-dependent
covariates. The time variable was defined as the interval between random
assignment and the date of the last follow-up or the last recorded clinical
event (MetS incidence) of participants who were still alive, whichever
occurred first. Participants who were free of MetS or who were lost to
follow-up were censored at the date of the last visit.

Three different Cox regression models were adjusted for potential
confounders, Model 1 adjusted for intervention group, age in years, sex,
leisure-time physical activity (metabolic equivalent tasks/d) measured by
the Minnesota Leisure Time Physical Activity Questionnaire, BMI (kg/m?),
and smoking status (never, current, or former) at baseline. Model 2
additionally adjusted for total energy intake (in kcal/d) and average
consumption (g/d) during follow-up of vegetables, legumes, fruit, cereals,
meat, fish, bakery products, dairy products, olive oil, nuts, and alcohol
(with a quadratic form being added only in the case of alcohol
consumption). Model 3 additionally adjusted for the prevalence of MetS
components at baseline, including abdominal obesity (yes or no),
hypertriglyceridemia or drug treatment for elevated TGs (yes or no), low
HDL cholesterol {yes or no), hypertension or antihypertensive treatment
(yes or no), and high fasting plasma glucose or medicarion for hypergly-
cemia (yes or no). When the association between the intake of sweetened
beverages and the incidence of each component of MetS was assessed, the
components were excluded from the analysis, and model 2 represented the
fully adjusted model. Statistical interactions between categories of
sweetened beverage intake and potential effect-modifying variables such as
sex, intervention group, diabetes, and smoking status were assessed by
including product terms in the models; no significant interactions were
found.

To assess the linear trend, the median value of each category of each
type of sweetened beverage analyzed was assigned and used as a continuous
variable in the Cox regression models. The level of significance for all
statistical tests was set at P < 0,05 for bilateral contrast. All of the analyses
were performed with SPSS sofrware, version 22.0.

Results

The present analysis was conducted in 1868 participants, of
whom 930 (430 men and 500 women) without MetS at baseline
developed new-onset MetS during a median follow-up time of
3.24 v (IQR: 1.91-5.80). The mean daily intakes during follow-
up were 14.5 mL, 17.1 mL, 29.3 mL, and 16.6 mL for SSBs,
artificially sweetened beverages, natural fruit juices, and bottled
fruit juices, respectively.
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The baseline characteristics of the population in terms of total
consumption of SSBs are shown in Table 1. Compared with those
in the lowest category, participants in the highest category of SSB
consumption were younger and presented higher diastolic blood
pressure and TG concentrations. Those who consumed more SSBs
also showed lower adherence to the Mediterranean diet and
consumed less fruit and more baked products, alcohol, and total
energy than did participants who consumed <3 servings/mo. The
baseline characteristics of the population in terms of arrificially
sweetened beverages, natural fruit juices, and bottled fruit juices
are shown in Supplemental Tables 1-3, respectively.

Table 2 shows the multivariable-adjusted HRs (95% Cls)
for MetS incidence for mean servings of various beverages
during follow-up. After adjusting for potential confounders,
individuals who consumed >5 servings total SSBs/wk had a
higher risk of MetS (HR: 1.43; 95% CI: 1.00, 2.15; P-trend = 0.27)
than those who consumed <1 serving/wk. A positive association
was also found between consumption of artificially sweetened
beverages and incidence of MetS for participants who con-
sumed >5 servings/wk compared with those who consumed <1
serving/wk (HR: 1.74; 95% Cl: 1.26, 2.41; P-trend = 0.004).
An average consumption of 1-5 servings natural fruit juices/
wk during follow-up was associated with a decreased risk of
MetS (HR: 0.77; 95% CI: 0.65, 0.93). However, the risk was
higher when consumption was >5 servings/wk (HR: 1.30; 95%
CI: 1.00, 1.69; P-trend = 0.39). An average consumption of 1-5
servings of bottled fruit juices/wk was inversely associated
with MetS incidence (HR: 0.66; 95% CI: 0.53, 0.81). However,
when intake was >3 servings/wk the association was positive (HR:
1.14; 95% CI: 1.04, 1.65; P-trend = 0.311).

The association between average beverage consumption
during follow-up and components of MetS is presented in Table
3. Consumption of >5 servings SSBs/wk was associated with a
higher risk of low HDL cholesterol (HR: 1.18; 95% CI: 1.06,
2.11; P-trend = 0.71) and high blood pressure (HR: 1.09; 95%
CI: 1.04, 2.80; P-trend = 0.39) than was consumption of <1
serving/wk. Individuals who consumed 1-5 servings SSBs/wk also
had a higher risk of high blood pressure than did those who rarely
consumed SSBs (HR: 1.89; 95% CI: 1.14, 3.13). Consumption of
>5 servings artificially sweetened beverages/wk was associated
with an increased risk of developing abdominal obesity (HR: 1.82;
95% ClI: 1.13, 2.92; P-trend = 0.039) and the hypertriglyceridemia
component of MetS (HR: 1.52; 95% CI: 1.00, 2.37; P-trend =
0.08). The results for the hypertriglyceridemia component were
similar for bottled fruit juices when consumption during follow-up
was >5 servings/wk (HR: 1.51; 95% CI: 1.03, 2.46; P-trend =
0.23). A positive association between the intake of >3 servings
natural fruit juices/'wk and abdominal obesity was also observed
(HR: 1.52; 95% CI: 1.02, 2.25; P-trend = 0.08).

Discussion

In the present longitudinal analysis conducted in a middle-aged
and elderly Mediterranean population at high risk of CVD, we
evaluated the consumption of $SBs, artificially sweetened
beverages, natural fruit juices, and bottled fruit juices and their
association with the risk of MetS. The results showed that
participants who consumed >3 servings/wk of all of these types
of beverage had an increased risk of MetS.

Those participants who consumed =35 servings SSBs/wk
during follow-up had a 43% higher risk of developing MetS
than those who did not consume or rarely consumed S5Bs. These
results are consistent with the meta-analysis by Malik et al. (24)
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of studies on different races and ethnicities in which individuals
in the highest category of SSB intake showed a 20% greater risk
of Met§ than those in the lowest category. In contrast, our results
are not in agreement with the findings of the only study not
included in the meta-analysis by Malik et al. and conducted in a
Mediterranean population [the SUN (Seguimiento Universidad
de Navarra) cohort] in which no association was reported
between baseline intake of SSBs and risk of MetS (20). These
discrepancies may be due to differences in the age and type of
participants. Frequent consumption of S5Bs has been related to
an increased risk of weight gain and obesity due to the high
amount of added sugar, which, when consumed in liquid form,
shows a lack of satiety signals (35-37). Most S5Bs contain high
amounts of fructose, and various studies suggest that high-
fructose corn syrup, the primary sweetener used in $SBs, may
have particularly deleterious metabolic effects (38), because it
increases the risk of both low HDL-cholesterol concentrations
(39, 40) and hypertension (21, 23), MetS components that in our
study were related to the consumption of SSBs. Furthermore,
consumption of high-fructose corn syrup has also been related to
other components of MetS such as insulin resistance (41, 42) and
hypertriglyceridemia (39, 43). However, in the present cohort
study, these metabolic abnormalities were not significantly
related to SSB consumption.

To the best of our knowledge, the present analysis is the first
to show a positive relation between consumption of natural and
bottled fruit juice analyzed separately and the incidence of
MetS. In our study, consumption of 1-5 servings fruit juice/wk,
regardless of whether natural or bottled (containing added sugar
or not), was inversely related to incident MetS. However, when
consumption of both types of fruit juice was >3 servings/wk, the
association was positive and the risk of MetS increased. The
lack of a dose response might be due to the high content of
antioxidants in fruit juices, which counteracts the possible
harmful effects of the sugar content when these beverages are
consumed in small amounts (44). However, as observed in the
present study, when fruit juices are consumed frequently, this
inverse response may disappear, thus increasing the risk of
MerS.

The observed association between fruit juice consumption
and MetS could be attributed to an associated unhealthy lifestyle.
Individuals with a higher intake of sweetened beverages, includ-
ing SSBs and fruit juices, are known to have higher intakes of fat
and sugar-rich products and lower intakes of fiber, and they tend
to be less physically active (45, 46). However, we adjusted our
analyses for such confounding factors and still observed a signif-
icant association between consumption of fruit juices and MetS
incidence. In addition, consumption of fruit in liquid form has
been associated with a lower degree of energy compensation than
when fruit is consumed in solid form, thus promoting the
overconsumption of energy. In other words, energy intake in
subsequent meals is not adjusted to previous consumption (47,
48). Therefore, fruit juice consumption seems to induce less
satiety than solid fruit (20).

Epidemiologic studies have suggested that there is an associ-
ation between the regular intake of sweetened beverages and risk
of T2D (24, 49). We found no association between consumption
of any of the beverages analyzed and impaired glucose
metabolism. Furthermore, concentrations of baseline fasting
glucose tended to be lower in the highest category of consumption.
Similar results were also observed by other authors (16), which
may be due to reverse causation, because patients aware of their
hyperglycemia may reduce their consumption of beverages
containing sugar.
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TABLE 1 Baseline characteristics of the study participants by servings of sugar-sweetened beverages'

Servings (200 mL)

<1/wk (m=1601) 1-5fwk (n = 184) =5/wk (n = 83) P?
Sugar-sweetened beverage intake, mL/d 16 =44 519 = 281 254 =127
Age, y 671 = 6.1 65.0 * 56 67.0 = 64 <0.001
Women, % (n] 52.8 (848} 51.6 (95) 47.0 (39) 0.56
Waist circumference, cm
Women 917 £ 104 96.3 = 108 954 £ 108 <0.001
Men 97 £78 999 £ 79 98577 0.041
BMI, kgﬂ'ﬂz 282 £35 293 £ 36 288 £ 32 <0.001
Leisure-time physical activity, MET-min/d 275 = 282 269 = 282 269 = 231 0.93
Smoking habit, % (a) 062
Never 58.9 (343} 576 (106) 51.8 (43)
Current 15.2 (244} 17.4(32) 205 (17}
Former 259 (414} 25.0 (46) 277123}
Blood pressure, mm Hg
Systolic 146 + 203 144 + 213 148 + 224 0.28
Diastolic 818 = 106 828 + 112 846 + 12.0 0.040
Biochemical variables, mg/dL
Plasma glucose 105 £ 350 9.3 = 212 928 £ 158 <0.001
Serum HOL cholesterol 586 (51.0-68.0) 56.0 (48.8-65.0) 57.0 (50.9-67.0) 0.047
Serum TGs 95.0 (74.0-118) 99.0 (74.2-125) 108 (74.0-130) 0.035
Use of medication, % (a)
Oral antidiabetic drugs 15.6 (249} 65(12) 8417 0.001
Fibrates 0.11(1) 00 010) 092
Antihypertensive agents 648 (1037) 663 (122) 711 (59) 075
Insulin 5.0 (80) 0010 120 0.002
MetS components.” % (n)
Abdominal obesity 42.4 (674) 552 (100 482 (40) 0.003
Hypertriglyceridemia 47 (75) 76 (14) 96 (8) 0.042
Low HDL cholesterol 27(43) 387 7216 0.049
High blood pressure 87.1(1393) 853 (157) 90.4 (75) 0.52
High fasting glucose 338 (539} 21.4(39) 133 (11) <0.001
Intervention group, % (n) 0.16
Mediterranean diet + EVOO 35.1 (562} 34.8 (64) 241 (20)
Mediterranean diet + nuts 336 (538) 359 (66) 458 (38)
Control group 31.3 (501} 29.3 (54) 30.1 (25)
Mediterranean diet score (14-point score) 90+19 B7+19 78+20 <0.001
Total energy intake, kcal/d 2295 + 521 2447 *+ 569 2579 * 551 <0.001
Food consumption, g/d
Vegetables 338 £ 142 M3 =1 322 £ 144 0.56
Fruit 386 = 209 380 = 200 312 = 188 0.007
Legumes 2114 20+ 14 20 =10 0.52
Dairy products 390 = 228 379 = 215 368 + 263 0.58
Total meat 129 = 57 132 = 58 134 * 66 0.59
Fish 102 = 47 104 = 45 102 = 44 0.88
Cereals 230 £ 103 237 =108 223 =108 0.51
Bakery 22728 N\ 34 +33 <0.001
Nuts 1215 nm=n nx1s 045
Total olive oil 42 =17 117 40 +£19 0.48
Alcohol 10 £15 Mm=14 14 +19 0.027

' Continuous variables are expressed as means * SDs or as medians (IQRs); categorical variables are expressed as percentages (n). EVOO,
extra-virgin olive oil; MET-min, metabolic equivalent task-minutes; MetS, metabolic syndrome.

2 P values for differences between categories were calculated by using chi-square tests for categorical variables and ANOVA tests for
continuous variables.

? Definition of MetS components: abdominal obesity for European individuals (waist circumference =88 cm in women and =102 cm in
men), hypertriglyceridemnia (=150 g/dL) or drug treatment for high plasma TG cencentration, low HDL cholesteral (<50 mg/dL in women
and <40 mg/dL in men), high blood pressure (systolic blood pressure =130 mm Hg or diastolic blood pressure =85 mm Hg) or
antihypertensive drug treatment, or high fasting glucose (=100 mg/dL} or drug treatment for type 2 diabetes

In this longitudinal analysis, individuals who consumed >5  beverages. This association can be explained by the fact that, in
servings artificially sweetened beverages/wk presented a 74%  the present study, hypertriglyceridemia and abdominal obesity,
higher risk of MetS than did those who rarely consumed these ~ both components of MetS, were also observed to be associated
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TABLE 2 HRs (95% Cls) for MetS incidence by servings of sugar- and artificially sweetened beverages

and fruit juices in the PREDIMED cohort’

Servings (200 mL)

< 1wk 1-5/wk =5fwhk P-trend
Sugar-sweetened beverages’
Met§ incidence, % 486 549 69.0 0010
Crude model 1 (ref) 1.06 (0.87, 1.30 1.81(1.24, 264) 0,004
Adjusted model 1 1 (ref] 0.98 (0.80, 1.19) 187 (1.28,273) 0010
Adjusted model 2 1 {ref} 0.93 (0.76, 1.13) 1.38 (093, 2.07) 030
Fully adjusted model 1 {ref] 0.91(0.74,1.12) 1.43(1.00, 2.15) 027
Artificially sweetened beverages®
MetS incidence, % 49.0 437 ni 0.003
Crude model 1 {ref} 0.93 (0.75, 1.18) 215(1.57, 2.94) <0.001
Adjusted model 1 1 {ref} 0.95 (0.76, 1.18) 202 (1.47,2.78) <0.001
Adjusted model 2 1 (ref) 0.94 (0.76. 1.18) 197 (143, 271) =<0.001
Fully adjusted model 1 {ref} 0.93 (0.75, 1.17) 1.74 (1.26, 2.41) 0.004
Natural fruit Juu:es‘
Met§ incidence, % 514 428 53.2 0.009
Crude model 1 (ref]) 0.73 (062, 0.87) 1.10 (0.86, 1.42) 064
Adjusted model 1 1 {ref] 0.71 (0.60, 0.85) 1.13 (0.88, 1.46) 0.69
Adjusted model 2 1 {ref} 0.75 (063, 0.89) 1.22 (0.94, 159) 0.75
Fully adjusted model 1 {ref) 0.77 (0.65, 0.93) 1.30 (1.00, 1.69) 039
Bottled fruit juices®
MetS incidence, % 50.7 403 69.8 <0.001
Crude model 1 {ref] 0.71 (058, 0.87) 1.80 (1.28, 253) 0.24
Adjusted model 1 1 (ref) 0.68 (0.56, 0.84) 1.60(1.13, 2.27) 0.63
Adjusted model 2 1 (ref] 0.64 (052, 0.78) 126 (1.08, 1.81) 0.46
Fully adjusted model 1 {ref} 0.86 (053, 0.81) 1.14 {1.04, 185) 031
Total sweetened beverages®
MetS incidence, % 53.2 432 53.8 <0.001
Crude model 1 {ref} 0.69 (0.59, 1.80) 1.00 (0.84, 1.19) 0.880
Adjusted model 1 1 {ref} 0.86 (0.57, 1.77) 0.97 (0.81, 1.15) 0575
Adjusted model 2 1 {ref) 0.67 (0.56, 1.79) 0.88 {0.73, 1.06) 0.160
Fully adjusted model 1 {ref) 0.69 (059, 1.81) 0.90 {0.74, 1.09) 0227

T Consumption data are means determined during the follow-up period. Model 1 adjusted for intervention group, age in years, sex, leisure-

time physical activity (metabolic equivalent tasks/d), BMI (kg/m?),

and smoking status (never, former, or current). Model 2 additionally

adjusted for cumulative average consumption of dietary variables in continuous (vegetables, legumes, fruit, cereals, meat, fish, bakery,
dairy products, olive oil, and nuts), cumulative total energy intake, alcohal, and alcohol squared in grams per day. Model 3 (fully adjusted
model): additionally adjusted for MetS components at baseline fyes or no). MetS, metabolic syndrome; PREDIMED, Prevencién con Dieta

Mediterranea; ref, reference.

2 = 1610, 216, and 42 for <1 serving/wk, 1-5 servingsiwk, and =5 servings/wk, respectively.
3 n = 1625, 183, and B0 for <1 servinglwk, 1-5 servings/wk, and =5 servings/wk, respectively.
4 n=1361, 381, and 126 for <1 serving/wk, 1-5 servings/wk, and =5 servings/wk, respectively.
% n = 1647, 268, and 53 for <1 servingfwk, 1-5 servings/wk, and =5 servings/wk, respectively.
& n = 841, 657, and 370 for <1 servingfwk, 1-5 servings/wk, and =5 servings/wk, respectively.

with a higher consumption of this type of beverage. These results
concur with those recently reported by Crichton et al. (5), which
showed that Americans who consumed =1 serving artificially
sweetened beverages/d had 2.2 times the risk of MetS than did
those who rarely consumed this type of beverage. Similar results
were found by the same authors in the Luxembourg cohort of
healthy individuals who consumed =2 servings artificially
sweetened beverages/d (5). Cross-sectional and longitudinal
analyses in the Framingham Heart Study cohort also reported a
positive association between consumption of 1 serving artifi-
cially sweetened beverages/d and MertS (23). To date, it has been
suggested that 3 mechanisms may explain these associations: 1)
artificial sweeteners can interfere with learned responses that
help to control glucose and energy homeostasis (50), 2) artifi-
cial sweeteners interact with sweet-taste receptors that are
expressed throughout the digestive system and that may play
a role in glucose absorption and trigger insulin secretion
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(21), and 3) artificial sweeteners (e.g., saccharin, sucralose,
or aspartame) can interfere with the gut microbiota, thus de-
creasing glucose sensitivity and favoring MetS development
(21, 50-52).

Our study has several strengths: it uses vearly repeated
measurements of diet as exposure, and data are adjusted for a
sizable number of potential confounders. However, it also has
some limitations. First, the incidence of MetS was not a primary
endpoint of the PREDIMED cohort, so our results are only
exploratory. Second, our study subjects were elderly individuals
at high risk of CVD, making it difficult to generalize the results
to other populations, Third, consumption of the various types
of SSBs was very low among our participants, so the categories of
consumption were heterogeneous with respect to the number
of participants, and the attributable risk associated with the
consumption of sweetened beverages is also low. In addition, the
frequency of S5Bs in the highest category of consumption in our
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TABLE 3 HRs (95% Cls) for incidence of MetS components by servings of sugar- and artificially
sweetened beverages and fruit juices in the PREDIMED cohort’

Servings (200 mL)

Incidence, % <1/wk 1-5/wk =5/wk P-trend
Abdominal obesity (n = 1019)
Sugar-sweetened beverages 486 1 {ref) 1.13{0.81, 1.57) 1.20 (0.62, 2.30) 0.42
Artificially sweetened beverages 50.0 1 (ref} 0.91 (085, 1.28) 1.82 (113, 2.92) 0.039
Natural fruit juices 46.9 1 {ref} 0.7 (0.76, 1.24) 1.52 (1.02, 2.25) 0.08
Bottled fruit juices 45 1 (ref) 096 (0.72, 1.29) 0.46 (0.21, 1.03) 0.08
Total sweetened beverages 458 1 (ref} 094 (0.75, 1.17) 1.23 (093, 162) 0.164
Hypertriglyceridemia (n7 = 1766)
Sugar-sweetened beverages 353 1 {ref) 1.22(0.94, 1.59) 1.48 (0.87, 2.53) 0.06
Artificially sweetened beverages 316 1 {ref} 089 (0.73, 1.33) 1.52 (1.00, 2.37) 0.08
Natural fruit juices 273 1 (ref} 0.81(0.63, 1.03) 1.16 (0.80, 1.68] 0.85
Bottled fruit juices 308 1 (ref} 094 (072, 1.22) 1.51 (1.03, 2.46) 0.23
Total sweetened beverages 284 1 {ref} 0.75 (0.60,1.03) 1.13 (0.88, 1.45) 0.344
Low HOL cholesterol (n = 1804)
Sugar-sweetened beverages 280 1 (ref] 097 (0.72, 1.29) 1.8 (1.06, 2.11) 0n
Artificially sweetened beverages 26.1 1 {ref) 0.92 (0.66, 1.27) 1.08 (0.66, 1.78) 0.87
Natural fruit juices 221 1 (ref} 0.84 (0.65, 1.08) 0.74 (0.47, 1.16) on
Bottled fruit juices 252 1 (ref} 0.77 (0.57, 1.04) 1.08 (062, 1.85) 0.63
Total sweetened beverages 239 1 (ref) 0.76 (0.61, 1.04) 0.66 (0.49, 1.08) 0.003
High blood pressure (n = 240)
Sugar-sweetened beverages 862 1 (ref) 1.891(1.14, 313) 1.09 (1.04, 2 80) 039
Artificially sweetened beverages 744 1 {ref) 091 (0.51, 1.62) 1.00 (0.45, 2.20) 0.92
Natural fruit juices 836 1 {ref} 1.11(0.73, 1.68) 1.04 (058, 1.86) 0.82
Bottled fruit juices 80.2 1 {ref} 0.94 (0.57, 1.54) 2.18 (0.74, 6.42) 0.31
Total sweetened beverages 818 1 (ref) 1.06 (0.71, 1.57) 1.22 (0.79, 1.91) 0.360
High fasting glucose (n = 1269}
Sugar-sweetened beverages 447 1 (ref} 1.03 (0.80, 1.33) 1.02 (061, 1.70) 088
Artificially sweetened beverages 425 1 (ref} 0.87 (0.65, 1.17) 1.66 (0.97, 2.85) 024
Natural fruit juices 411 1 {ref) 0.80 (0.63, 1.00) 1.18 (0.84, 1.65) 0.74
Bottled fruit juices 44.4 1 {ref) 069 (0.53, 1.90) 1.15 (0.69, 1.91) 0.45
Total sweetened beverages M7 1 (ref} 077 (0,63, 1.05) 0.96 (0.74, 1.23) 0.781

" Consumption data are means determined during the follow-up period. All of the data shown were adjusted for intervention group, age in
years, sex, leisure-time physical activity (metabolic equivalent tasks/d), BMI (kg/m?), smoking status (never, former, or current), average
consumption during the follow-up of dietary variables as continucus variables (vegetables, legumes, fruit, cersals, meat, fish, baked
products, dairy products, olive oil, and nuts), average total energy intake during follow-up, alcohol, and alcohol squared in grams per day.
MetS, metabolic syndrome; PREDIMED, Prevencion con Dieta Mediterrdnea; ref, reference.

population was low; therefore, even if the associations observed
are causal, the implications for intervention are limited to a few
individuals. Fourth, because of the limited number of individuals
in the highest categories of consumption and the adjustment for
many variables, it is not clear that all of the models of S§Bs and
bottled fruit juices are robust enough. Fifth, although the types
of beverage and food consumption were assessed with a
validated FFQ, measurement errors might have occurred.
Nevertheless, to minimize the measurement error caused by
within-person variations, the average consumption during the
follow-up was calculated. Finally, although individual labora-
tory methods and procedures were subject to quality control, the
fact that biochemical measurements were made in different
centers means that we cannot discount a certain degree of
measurement bias between laboratories, because the measure-
ments were not standardized. Even so, the concordance analysis
of lipid and glucose measurements revealed correlation coeffi-
cients >0.81.

The present study is the first, to our knowledge, to make a
separate analysis of the association between categories of each
type of sweetened beverage and MetS risk. Occasional con-
sumption (1-5 servings/wk) of SSBs and artificially sweetened

beverages was not associated with overall MetS. Consumption
of =5 servings/wk of all of the types of beverages analyzed was
associated with an increased risk of MetS and some of its
components in middle-aged and elderly individuals at high
risk of CVD. However, these associations (especially in the
case of SSBs and bottled fruit juices) should be interpreted
with caution because of the low frequency of consumption in
our population. Furthermore, consumption of 1-5 servings of
natural and bottled fruit juices/wk may reduce the risk of
MetS.
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ONLINE SUPPORTING MATERIAL

Supplemental Table 1. Baseline characteristics of the study participants according to servings (200mL) of
artificially-sweetened beverages'

Servings (200mL) of artificially-sweetened beverages

<1/ week 1-5/ week > 5/ week Povalue?
(n=1648) (n=137) (n=83)
Artificially-sweetened beverage intake (mL/d) 0.7 +3.0 58.6 + 28.6 294 + 210
Age, years 67.0 +6.2 66.2 +5.7 66.2+5.2 0.18
Women, % (n) 52.5 (866) 53.3(73) 49.4 (41) 0.84
Waist circumference, cm

Women 92.0 £ 10.5 93.4 + 10.8 97.1 + 9.8 0.007

Men 979+ 74 99.7 + 10.1 96.7 + 6.4 0.10
BMI, kg/m* 283 +3.5 28.9+3.7 28.5 +3.8 0.16
Leisure time physical activity, METs-min/d 275 + 253 254 + 231 287 + 305 0.58
Smoking habit, %6 (n) 0.81

Never 58.3 (960) 57.7(79) 63.9 (53)

Current 16.0 (263) 14.6 (20) 12.0 (10)

Former 25.8 (425) 27.7 (38) 24.1 (20)

Blood pressure, mmHg

Systolic 146 + 20.4 147 +21.5 146 + 20.7 0.95

Diastolic 81.9 +10.7 83.2 + 10.1 83.0+12.4 0.26
Biochemical parameters, mg/dL

Plasma glucose 104 £ 33.0 102 £ 29.6 109 £ 451 0.30

Serum HDL-Cholesterol 58.0 [51.0-68.0] 57.0 [50.0-66.4] 58.0 [49.0-66.8] 0.79

Serum triglycerides 96.0 [75.0-119] 91.0 [70.0-123] 95.0 [74.5-119] 0.83
Use of medication, % (n)

Oral anti-diabetic drugs 13.8 (227) 19.1 (26) 18.1 (15) 0.14

Fibrates 0.1(1) 0.0 (0) 0.0 (0) 0.93

Antihypertensive agents 66.0 (1088) 60.6 (83) 56.6 (47) 0.18

Insulin 4.4 (72) 2.2(3) 7.2 (6) 0.21
Metabolic Syndrome components, % (n)?

Abdominal obesity 42.9 (702) 53.7(73) 47.0 (39) 0.044

Hypertriglyceridemia 5.3(87) 5.8(8) 2.4(2) 0.48

Low HDL-cholesterol 2.7 (45) 4.4 (6) 6.0 (5) 0.14

High blood pressure 87.5(1441) 85.4(117) 80.7 (67) 0.16

High plasma glucose 31.5(516) 32.1 (44) 34.9 (29) 0.80
Intervention group, % (n) 0.15

Mediterranean diet + EVOO 35.3(581) 29.9 (41) 28.9 (24)

Mediterranean diet + nuts 33.6 (553) 37.2(51) 45.8 (38)

Control group 31.2(514) 32.8 (45) 253 (21)
Mediterranean diet score (14-point score) 89+1.9 8.8+1.9 8.6 2.0 0.33
Total energy intake (kcal/d) 2309 £ 529 2455 £ 539 2370 £ 535 0.006
Food consumption (g/d)

Vegetables 337 + 147 340 =127 350+ 139 0.72

Fruit 382 + 207 359+ 175 414 + 266 0.16

Legumes 21 +£13 21 16 20+ 11 0.83

Dairy products 391 + 230 370 £ 204 363 +221 0.34

Total meat 128 + 56 141 + 65 136 + 73 0.019

Fish 101 + 46 107 + 48 110+ 53 0.10

Cereals 230 £ 104 240 = 107 217 97 0.28

Baked products 23 +£ 28 25+ 28 29 + 45 0.15

Nuts 12+ 15 13+ 18 14+17 0.28

Total olive oil 42+ 17 44 + 18 41 +17 0.36

Alcohol 10+ 15 11+ 14 11+13 0.50

Abbreviations: BMI, body mass index; EVOO, Extra Virgin Olive Qil; HDL, high-density lipoprotein.
!Continuous variables are expressed as means * standard deviation or median [IQR, interquartile range]
and categorical variables as a percentage and number (n).

2P-values for differences between categories were calculated by chi-square tests for categorical variables
and ANOVA tests for continuous variables.

*Definition of MetS components: Abdominal obesity for European individuals (waist circumferences =88
cm in women and =102cm in men), hypertriglyceridemia (=150 g/dL) or drug treatment for high plasma
triglyceride (TG) concentration, low 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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Supplemental Table 2. Baseline characteristics of the study participants according to servings (200mL) of

bottled fruit juices'

Servings (200mL) of bottled fruit juices

=1/ week

1-5/ week

= 5/ week

(n=1608) (n=168) (n=92) Povalue
Bottled fruit-juice intake (mL/d) 09+34 58.8+28.6 210+ 79.1
Age, years 67.0+6.1 66.7 £ 6.1 66.1 + 6.5 0.34
Women, % (n) 51.6 (829) 56.5 (95) 60.9 (56) 0.12
Waist circumference, cm

Women 92.0+10.6 94.1 +9.7 93.4+11.5 0.16

Men 979+ 7.6 98.7 7.7 98.3+ 8.9 0.72
BMI, kg/m? 283 3.4 288+ 3.0 29.1 =43 0.024
Leisure time physical activity, METs-min/d 277 =254 238 £243 292 + 259 0.13
Smoking habit, % (n) 0.54

Never 58.1 (934) 63.7 (107) 55.4 (51)

Current 15.7 (253) 13.1 (22) 19.6 (18)

Former 26.2 (421) 23.2 (39) 25.0(23)

Blood pressure, mmHg

Systolic 146 + 20.6 147 +£20.2 144 + 19.6 0.41

Diastolic 81.9 +10.7 83.9+10.8 81.0+10.9 0.042
Biochemical parameters, mg/dL

Plasma glucose 105 + 34,1 99.1 +26.9 99.9 +31.9 0.06

Serum HDL-Cholesterol 58.0 [50.8-67.6] 57.0 [51.0-66.0] 58.0 [51.0-68.5] 0.98

Serum triglycerides 96.0 [74.0-120] 98.5 [77.2-120] 93.5[78.5-117] 0.83
Use of medication, % (n)

Oral anti-diabetic drugs 15.0 (240) 11.3(19) 9.8 (9) 0.19

Fibrates 0.1 (1) 0(0) 0 (0) 0.92

Antihypertensive agents 65.0 (1045) 66.7 (112) 66.3 (61) 0.95

Insulin 4.7 (76) 1.8 (3) 222 0.12
Metabolic Syndrome components, % (n)*

Abdominal obesity 42.7 (683) 51.5 (86) 50.0 (45) 0.046

Hypertriglyceridemia 5.2 (84) 6.0 (10) 333 0.64

Low HDL-cholesterol 3.0 (49) 3.0(5 2.2(2) 0.89

High blood pressure 87.2 (1400) 86.9 (146) 85.9 (79) 0.93

High fasting glucose 32.6 (521) 23.8 (40) 30.8 (28) 0.07
Intervention group, % (n) 0.001

Mediterranean diet + EVOO 33.8 (543) 47.6 (80) 25.0(23)

Mediterranean diet + nuts 34.7 (558) 26.2 (44) 43.5 (40)

Control group 31.5(507) 26.2 (44) 31.5(29)
Mediterranean diet score (14-point score) 9.0+ 1.9 8.8+20 8.5+2.0 0.030
Total energy intake (kcal/d) 2307 + 534 2404 + 508 2444 + 507 0.006
Food consumption (g/d)

Vegetables 339 + 146 330 + 126 330 + 160 0.66

Fruit 383 + 206 373 £ 196 381 + 254 0.84

Legumes 2112 22+ 17 27 27 <0.001

Dairy products 384 + 230 397 £ 200 444 + 232 0.042

Total meat 130 £ 57 130 =60 120 £ 57 0.29

Fish 102 + 46 101 =47 98 £ 50 0.68

Cereals 232+ 10 224 + 98 206 + 97 0.051

Baked products 22 + 28 28 + 34 29 £ 37 0.008

Nuts 12+15 13+17 12+ 15 0.60

Total olive oil 42 £ 17 39+ 17 39 +£20 0.034

Alcohol 10 £ 15 7+11 9+ 15 0.006

Abbreviations: BMI, body mass index; EVOO, Extra Virgin Olive Oil; HDL, high-density lipoprotein.

!Continuous variables are expressed as means + standard deviation or median [IQR, interquartile range]
and categorical variables as a percentage and number (n).
2pP-values for differences between categories were calculated by chi-square tests for categorical variables

and ANOVA tests for continuous variables.

3Definition of MetS components: Abdominal obesity for European individuals (waist circumferences =88
cm in women and =102c¢m in men), hypertriglyceridemia (=150 g/dL) or drug treatment for high plasma
triglyceride (TG) concentration, low 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 T2IDM.
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Supplemental Table 3. Baseline characteristics of the study participants according to servings (200mL) of
natural fruit juices'

Servings (200mL) of natural fruit juices

<1/ week 1-5/ week = 5/ week Povalue
(n=1457) (n=228) (n=183)
Natural fruit-juice intake (mL/d) 1.7 4.7 62.5 +28.6 210 £ 66.1
Age, years 67.1 6.1 658+ 59 66.9 + 6.0 0.011
Women, % (n) 51.1(745) 57.5(131) 56.8 (104) 0.09
Waist circumference, cm

Women 92.5 +10.6 91.7 £ 10.6 91.8 =104 0.63

Men 98.0 = 7.6 97.7 £ 8.1 98.6 £ 7.6 0.74
BMI, kg/m? 28.4+3.5 28.2+3.6 28.3+3.5 0.89
Leisure time physical activity, METs-min/d 274 =253 286 + 265 262 + 249 0.62
Smoking habit, % (n) 0.59

Never 58.4 (851) 57.0 (130) 60.7 (111)

Current 15.8 (230) 18.0 (41) 12.0 (22)

Former 25.8 (376) 25.0(57) 27.3 (50)

Blood pressure, mmHg

Systolic 147 = 20.9 144 = 19.3 145 + 18.9 0.15

Diastolic 81.9+10.9 82.1 £10.8 82.6 £9.7 0.72
Biochemical parameters, mg/dL

Plasma glucose 105 + 35.0 101 +29.7 98.2 +23.2 0.011

Serum HDL-Cholesterol 58.0 [50.4-67.0] 59.5 [52.0-68.0] 59.0 [52.0-68.2] 0.19

Serum triglycerides 96.0 [74.9-120] 96.5[77.0-121] 93.0 [72.0-114] 0.37
Use of medication, % (n)

Oral anti-diabetic drugs 15.6 (227) 12.7 (29) 6.6 (12) 0.003

Fibrates 0 (0) 0.4 (1) 0 (0) 0.027

Antihypertensive agents 64.6 (941) 64.9 (148) 70.5 (129) 0.51

Insulin 4.8 (70) 2.6 (6) 2.7(5) 0.17
Metabolic Syndrome components, % (n)*

Abdominal obesity 43.0 (623) 46.2 (104) 48.1 (87) 0.32

Hypertriglyceridemia 5.6 (81) 4.4 (10) 3.3(6) 0.36

Low HDL-cholesterol 2.8 (41) 2.6 (6) 4.9 (9) 0.27

High blood pressure 86.8 (1263) 87.7 (200) 88.5 (162) 0.77

High plasma glucose 33.1 (480) 29.2 (66) 23.6 (43) 0.024
Intervention group, % (n) 0.44

Mediterranean diet + EVOO 34.1 (497) 36.8 (84) 35.5(65)

Mediterranean diet + nuts 33.8 (492) 36.8 (84) 36.1 (66)

Control group 32.1 (468) 26.3 (60) 28.4 (52)
Mediterranean diet score (14-point score) 8.8+£1.9 9.0+2.1 95+1.8 <0.001
Total energy intake (kcal/d) 2294 + 531 2398 + 511 2461 + 533 =0.001
Food consumption (g/d)

Vegetables 330 £ 141 354 £ 143 377+ 171 <0.001

Fruit 375 £ 208 373 £ 185 450 =220 <0.001

Legumes 2012 23+ 18 24+ 16 <0.001

Dairy products 382 + 226 398 + 222 422 + 249 0.07

Total meat 130 + 57 129 + 58 119 + 56 0.05

Fish 100 + 45 109 + 48 113 £47 <0.001

Cereals 234 + 106 215 +92 217 +£ 100 0.008

Baked products 23 + 30 26 +25 23 +24 0.27

Nuts 11 +15 14+ 16 I15+17 0.002

Total olive oil 42 +£ 17 40+ 18 43 £ 17 0.39

Alcohol 10+ 15 10+ 15 9+ 12 0.61

Abbreviations: BMI, body mass index; EVOO, Extra Virgin Olive Oil; HDL, high-density lipoprotein.
'Continuous variables are expressed as means + standard deviation or median [IQR, interquartile range]
and categorical variables as a percentage and number (n).

2P-values for differences between categories were calculated by chi-square tests for categorical variables
and ANOVA tests for continuous variables.

*Definition of MetS components: Abdominal obesity for European individuals (waist circumferences =88
cm in women and >=102cm in men), hypertriglyceridemia (=150 g/dL) or drug treatment for high plasma
triglyceride (T(3) concentration, low 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 mmlg) or
antihypertensive drug treatment, or high fasting glucose (=100 mg/dL) or drug treatment for T2DM.
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7. DISCUSSION

Beverage intake has been recognized as an important issue in the promotion of health and
prevention of disease. For this reason, the focus of the present thesis was on three dimensions:
the assessment of fluid intake and the evaluation of the association between fluid and beverage
intake and lifestyle and its relation with health. First, a fluid-specific assessment questionnaire
was designed in Spanish language and validated in a middle-age and elderly Spanish population,
for a better beverage assessment. In addition, we assessed the total fluid intake in adults from
Spain and other 12 worldwide countries in order to: a) describe and compare the beverage
consumption pattern between countries; b) compare the fluid intake coming only from beverages
with EFSA fluid adequate intake values; c) compare the free-sugar coming only from beverages
with the WHO recommendations; and d) describe the associations between the beverage
consumption and some lifestyle variables, such as MedDiet adherence and physical activity
practice. Additionally we analysed the association between the frequency of consumption of

sweetened beverages and MetS incidence in middle-age and elderly individuals at high CVD risk.

7.1. A new method for assessing fluid intake: The Spanish fluid-specific

assessment questionnaire

Given the difficulty to assess fluid consumption of population and because there is not any
validate tool to assess it, we designed the first fluid-specific questionnaire in Spanish language
and validated in PREDIMED-PLUS cohort. Throughout the present thesis we found that in the
articles published assessing fluid intake have been used different methodologies and tools,
conducting probably to the controversial results observed 203316317 Due to the difficulties found
in assessing the real fluid pattern, we tried to fill the need of a unique and valid method exclusive
for fluid intake assessment. For this reason, we designed a fluid-specific questionnaire aimed to
measure the habitual consumption of drinking water and different types of beverage in Spanish
adults. We report for the first time that the use of a fluid-specific questionnaire in Spanish

language and designed for the Spanish population seems to be highly repeatable, and relatively
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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 36. Although the present fluid-specific
questionnaire is the only one validated in Spanish, other questionnaires designed to evaluate
beverage intake have been published and validated by a variety of different methods 343637318,
However, to date and to the best of our knowledge, only one questionnaire has been validated
using hydration indices with 24-hour urine samples 2°. In 2012, Malisova and colleagues
developed a “water balance questionnaire”, designed to evaluate water drinking and also water
intake from solids and other beverages 2°. The validity and reliability of the Spanish fluid-specific
assessment questionnaire makes it useful for large-scales surveys, as well as for use by
practitioners. This low-resource tool will enable researchers and practitioners to rapidly assess
beverages intake, and to determine possible associations of beverage consumption with health
related outcomes.

The relative validity and repeatability analysis of the Spanish fluid-specific questionnaire
performed within the PREDIMED-PLUS study presents several strengths and potential
limitations. The first limitation observed, is that the fluid-specific questionnaire may
underestimate certain beverage categories because of the serving sizes established (for example,
water intake [tap and bottled]). Besides, due to the fact that our population was middle-aged and
elderly presenting MetS, 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 hour
urine samples. However, at the moment that urine was brought, we had asked the participants
whether they had followed the instructions and whether they 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 31° 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
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variations in urine osmolality are considerably larger than these changes 320321, 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 322, 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).

On the other hand, regarding the relative validity and repeatability analysis of the Spanish fluid-
specific questionnaire performed within the PREDIMED-PLUS clinical trial some strengths also
deserve comment: The ability to accurately assess the validity and repeatability of a questionnaire
relies on having a large sample and using multiple statistical methods, which has been achieved
in this present study. The second strength was 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. Finally, another
important strength of the present analysis was that the questionnaire was completed by trained
dietitians, which avoided the use of self-reported data and then we significantly reduced the risk

of underreporting errors.

7.2. Beverage consumption in 13 countries worldwide, comparison with EFSA
total water and WHO free-sugars recommendations and its relation with

lifestyle

For the first time, we also described exclusively the fluid and beverage intake in Spanish adult
population, and we related it with some lifestyle and demographic variables. We have observed,
for the first time that of 1262 Spanish adults from the Liq.In? study with a mean age of 43 years
old, approximately half of those do not covered the total water intake values recommended by
EFSA. Our results are in agreement with those published 323 evaluating fluid consumption in 13

European countries and which show that only Denmark and Germany consumed a mean of at
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least two litters of water per individual from all types of beverages. In our study, fluid
consumption, type of beverage, moment of consumption and the amount of sugar added by hand
was assessed with a 24h fluid-specific diary over 7-consecutive days. The same methodology was
used in a French study, and both studies found that water consumption represented more than
50% of the total daily fluid intake in all age groups and in both genders 324, This is important
because plain water is regarded as the healthiest option for hydration, and increasing water
consumption is a recommended strategy for reducing energy intake 325. Total fluid intake in our
study was non-significantly higher in men than in women, being consistent with the results found
by other studies evaluating fluid intake in different populations 30326327 However, we found that
the percentage of individuals who met the EFSA recommendations was higher in women than in
men (58.4% and 40.8%, respectively). Men generally consumed more of all type of beverages with
some exceptions: for example, total water (tap water or mineral water), hot beverages and sweet
light beverages, all without or few calories. These finding have also been observed in other
populations 328, which suggests that women are more aware of the need to consume fewer
calories in the form of drinks to avoid overweight or obesity 329330, Because beverages can account
for a substantial share of daily calories, we also assessed the percentage of population complying
with WHO free-sugar recommendations, and we found that approximately 27% of our study
population consumed more sugar than recommended only from the sugar in beverages (intrinsic
or added). When we analysed the 13 countries altogether, a mean of 44.5% of the population
exceeded the WHO free-sugar recommendations, solely by fluids. These results are alarming if it
is taken into account that other studies show that an excessive consumption of calories from sugar
has unhealthy effects 212317.331 and show a clear need to educate adults about the nutritional
composition of the different fluids. Age was also an important determinant of the general fluid
pattern. As in other studies 324332333, the mean total fluid intake in our study progressively
decreased as age increased. This can probably be explained by a decrease in the perception of
thirst in elderly people 13334, but social determinants cannot be discounted. The type of beverage
consumed also changed with age. We reported for the first time that the intake of milk, juices, and
sweetened beverages (sugar or artificially) decreased with age, whereas the intake of hot

beverages increased. This decrease in the mean milk intake observed in our population may be
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partly due to the fact that the percentage of individuals with lactase deficiency is higher in elderly
people 335336, Furthermore, in the Spanish cohort, we reported for the first time that healthy
individuals with the highest scores for MedDiet adherence and higher physical exercise practice
presented a healthier beverage pattern. Although our results are in agreement with those
reported by other researchers 328337338  to the best of our knowledge the present study is the first
assessing different types of beverages consumption and total daily fluid intake using a specific
questionnaire designed to prospectively record beverage consumption and sugar added by hand
to beverages. Individuals engaging in a higher adherence to MedDiet presented a higher
consumption of water and red wine and a low intake in SSBs, compared to those in the lowest
adherence category. The regular consumption of wine, mainly with meals, and a lower intake of
SSBs were considered key elements in defining the traditional MedDiet 297. Although the cross-
sectional design of the analysis, the increased consumption of drinking water in those individuals
in the highest category of MedDiet adherence suggests that it must be regarded as another key
element when defining the MedDiet in the future. To the best of our knowledge, the possible
associations between physical exercise and total fluid intake or different types of beverages
consumption have not been subject to a great deal of research among the general populations to
date. In our study, individuals who engaged in most physical exercise presented a higher total
daily fluid and drinking water consumption, probably due to an increased fluid loss and
consequently a higher demand of fluid intake 13339, Besides that, individuals who engaged in most
physical exercise also consume greater amount of wine, milk and dairy products and fewer SSBs.
Although there is no physiological explanation, a higher consumption of milk and dairy products
in more active individuals, has also been previously described in some populations [49, 50].
Likewise, as it was previously noted, the moderate intake of wine and the lower consumption of
SSBs was perceived in the general population as a healthier lifestyle.

Besides, our study was the first describing that the compliance with the EFSA fluid intake and
WHO free-sugars recommendations were mainly associated with a greater adherence to the
MedDiet and physical exercise practice. These results suggest that changing the fluid intake would
have beneficial effects on other lifestyle parameters. In the analysis including 13 countries

worldwide, we found similar results regarding the adherence to the EFSA fluid intake
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recommendations. We report that less than 50% of the women and approximately 60% of the
men from the different countries did not comply with the Al values of water from fluids. Our study
is the first that enables total fluid intake to be compared between countries because the same
methodology of data recording was used in all the surveys. However, as expected total daily fluid
intake was different between each country, and it is difficult to find a physiological reason for
these between-country differences. Well-known and described differences in climate conditions
(temperature and humidity) between countries probably cannot explain the differences found in
our study because some warm countries (where fluid demands should be higher) had lower total
fluid intakes than cold ones. However, these differences may be partly explained by the fact that
not all surveys were carried out in the same season, even though all surveys aimed to perform
data collection during the period of mild climate (spring or autumn). Nevertheless, we cannot
discount that other social determinants of fluid intake may explain some of these differences
observed 328340, As occurred in the Spanish population, no significant differences in total fluid
intake between genders were found in most of the 13 countries analysed, however women were
more likely to comply with Al of fluid. This adds further weight to the argument that social or
educational aspects may play an important role in determining total fluid consumption. However,
men and elderly individuals had an increased risk of not complying with the EFSA Al of water
from fluids. These results mean that a considerable portion of the study populations would be
potentially in risk of hydration-related health consequences such as CKD 341. This unique
compilation of national surveys conducted in large sample of participants from different countries
demonstrated that not only the volume, but also the contribution of the different fluid types to
TFI varied substantially between countries. Nevertheless, some countries that seems to be
geographically linked share similar patterns. The fluid intake of the countries relatively close to
the Mediterranean Sea (Spain, France, Turkey and Iran) but also the two Asian countries
(Indonesia and China) was characterised by a high contribution of water to TF], ranging from 47
to 78%. In North European countries (UK, Poland and Germany), the highest contribution to TFI
came from hot beverages. The fluid intake of the three countries of Latin America was
characterised by a high contribution of juices and SSBs, which is as important as the contribution

of water to TFL. One of the possible factors explaining these between-country differences is
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climate and seasonality, as stated before, however other factors that should be taken into
consideration when assessing the between-country variability are cultural and traditional habits,
which unfortunately were not evaluated in the present study.

Several strengths and potential limitations of this study need to be addressed. One of the main
limitations of the Liq.In7 study was that the samples analyzed are not fully representative of the
general population of the respective countries. Although all samples were randomly selected from
a database of volunteers for population-based surveys or through a door-to-door recruitment
process using the same quota sample method, which led to a large sample of adults in each
country for the stratum considered. Despite this, the final distribution of the individuals studied
among age groups, gender, region and educational categories was very similar to the real
distribution of the population of each country. The second limitation was its cross-sectional
design, which means that no conclusions about cause/effect relationships can be drawn. Third,
the fact that anthropometric measures, physical exercise and intake of fluids were self-reported
and not registered by a trained dietitian, which may produce some bias. In addition, although fluid
intake was assessed in moderate climate temperature conditions (spring and autumn), we cannot
assume that total fluid and type of beverage consumed were representative of whole year.
Another limitation was that we have only assessed the total fluid intake and no biomarkers of
hydration status were used, for this reason no conclusions about the risk of dehydration and
health can be drawn. Further, the 24-hours fluid-specific diary over 7 consecutive days must be
validated in the future with gold standard methods, so that total fluid intake can be reliably
assessed. Finally, sugar and energy content per 100mL of fluid type was used for the estimation
of the energy and sugar consumed from each beverage in all countries. These were an
approximate estimation of the reality, since the same fluid type of the same brand can have a
different nutritional composition depending on the country.

On the other hand, the Lig.In7 study has also some strengths. The first one, was that it uses a 24-
hour fluid-specific diary over 7 consecutive days that allows to assess the total fluid intake and
real fluid pattern, and was supported by visual aids, to facilitate recall and recording. In addition,
the population was randomly recruited using the quota based sample method from a database of

volunteers for population surveys, which led to a large sample of individuals in the different
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countries studied. Moreover, this study was the first one design for the specific description of total
fluid intake in Spain and another 12 other countries worldwide using the same methodological

approach, and relating it with some lifestyle variables such as MedDiet and exercise practice.

7.3. Effect of sweetened beverages consumption in MetS

The research findings obtained in the present thesis make an important contribution to the
existing scientific evidence in the field of beverage and fluid intake. In particular, we have
analysed, for the first time, the association between the frequency of SSBs, artificially sweetened
beverages, and natural and bottled fruit juices consumption and MetS incidence and its
components in a population at high risk of CVD. The current prospective study was conducted on
Mediterranean individuals where the intake of sweetened beverages, such as SSBs or artificially
sweetened beverages and natural or bottled fruit juices, is relatively low compared to other
regions of the world or age ranges. We have observed that after a median of 3.24 years of follow-
up, the average consumption of SSBs and artificially sweetened beverages and bottled and natural
fruit juices during the follow-up was positively associated with the incidence of MetS but also with
some of its components. Our results expand the existing literature on the importance of reduce
the consumption of sweetened beverages as part of a healthy lifestyle pattern, including high
adherence to the MedDiet and physical exercise practice. Those participants who consumed more
than 5 servings of SSBs per week during the follow-up, had a 43% higher risk of developing MetS
than those who did not consume or rarely consumed it. These results are consistent with the
meta-analysis published by Malik et al. 212 of studies on different races and ethnicities in which
individuals in the highest category of SSB intake showed a 20% greater risk of MetS than those in
the lowest category. Frequent consumption of SSBs has been related to an increased risk of weight
gain and obesity due to the high amount of added sugar, which, when consumed in liquid form,
shows a lack of satiety signals 243342343, Most SSBs contain high amounts of fructose, and various
studies suggest that high-fructose corn syrup, the primary sweetener used in SSBs, may have
particularly deleterious metabolic effects 344, such as low HDL-cholesterol concentrations 345346,

hypertension 209210, insulin resistance 347348 and hypertriglyceridemia 217345, It is also very

-207 -



UNIVERSITAT ROVIRA I VIRGILIT
ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH
Cintia Sofia Ferreira Pé&go

Discussion

important to mention that there is still a popular belief that artificially sweetened beverages and
fruit juices do not affect health, because of its non or low content of sugar or because they are
considered as healthy as a piece of fruit. However, the scientific evidence suggests that the
frequent consumption of these types of beverages might even have some adverse effects on
health, such as T2DM 216, hypertension 22° or waist circumference 24°. To the best of our
knowledge, the present analysis was the first one that showed a positive relationship between the
consumption of more than 5 servings of 200mL per week of natural and bottled fruit juice
(analysed separately) and the incidence of MetS. Furthermore, we found that a consumption of 1
to 5 servings of fruit juice/week, regardless of whether natural or bottled (containing added sugar
or not), was inversely related with MetS incidence. The nonlinearity response be due to the high
content of antioxidants in fruit juices, which counteracts the possible harmful effects of the sugar
content when these beverages are consumed in small amounts 34°. However, as observed in the
present study, when fruit juices were consumed frequently, this inverse response disappeared,
thus increasing the risk of MetS. Probably, the relationship between the consumption of fruit
juices and the incidence of MetS could also be explained by the fact that individuals with higher
consumption of this type of beverages may have a worse dietary pattern, such as a higher intake
of fat and sugar-rich products and lower intakes of fibre, and they tend to be less physically active
350,351 However, we adjusted our analyses for such confounding factors and these associations
remained significant. In addition, there is evidence that consumption of fruit in liquid form has
been associated with a lower degree of energy compensation than when fruit is consumed in solid
form, thus promoting the overconsumption of energy. In other words, energy intake in
subsequent meals is not adjusted to previous consumption 198352, Therefore, fruit juice
consumption seems to induce less satiety than solid fruit 208. Finally, in this longitudinal analysis,
individuals who consumed >5 servings of artificially sweetened beverages per week presented a
74% higher risk of MetS than did those who rarely consumed these beverages. These results
support those recently reported by Crichton et al. 202, which showed that Americans who
consumed 21 serving of artificially sweetened beverages per day had 2.2 times higher risk of MetS
than those who rarely consumed this type of beverage. Three possible mechanisms may explain

the association between artificially sweetened beverages and MetS incidence: 1) artificial
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sweeteners can interfere with learned responses that help to control glucose and energy
homeostasis 249, 2) artificial sweeteners interact with sweet-taste receptors that are expressed
throughout the digestive system and that may play a role in glucose absorption and trigger insulin
secretion 209, and 3) artificial sweeteners (e.g., saccharin, sucralose, or aspartame) can interfere
with the gut microbiota, thus decreasing glucose sensitivity and favouring MetS development
209,249,353,354 Even though, there is an emerging body of evidence demonstrating the positive
associations between SSB, and a few between artificially-sweetened beverages, and MetS 202-
206,208-211,355,356 to date, none of the previous studies had analysed these associations in a
Mediterranean, middle age and elderly population at high cardiovascular risk. In addition, most
of the studies had made no distinction between different types of beverages (SSBs, artificially
sweetened beverages, natural fruit juices and bottled fruit juices). In contrast, our study have
differentiated between these types of beverages in the analyses.

The present analysis performed within the PREDIMED study has several strengths and some
potential limitations. First, the incidence of MetS was not a primary endpoint of the PREDIMED
cohort, so our results were only exploratory. Second, our study subjects were elderly individuals
at high risk of CVD, making it difficult to generalize the results to other populations. Third,
consumption of the various types of sweetened beverages was very low among our participants,
so the categories of consumption were heterogeneous with respect to the number of participants,
thus the attributable risk associated with the consumption of these beverages was also low.
Because of this limited number of individuals in the highest categories of consumption and also
the adjustment for many variables, it was not clear that all of the models of SSBs and bottled fruit
juices have been robust enough. In addition, the frequency of SSBs in the highest category of
consumption in our population was low; therefore, even if the associations observed were causal,
the implications for intervention were limited to a few individuals. Fourth, although the types of
beverage and food consumption were assessed with a validated FFQ, measurement errors might
have occurred. Nevertheless, in order to minimize the measurement error caused by within-
person variations, the average consumption during the follow-up was calculated. Finally,
although individual laboratory methods and procedures were subject to quality control, the fact

that biochemical measurements were made in different centers means that we cannot discount a
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certain degree of measurement bias between laboratories, because the measurements were not
standardized. Even so, the concordance analysis of lipid and glucose measurements revealed
correlation coefficients >0.81.

On the other hand, taking into account the analysis performed within the PREDIMED study, the
main strength of our manuscript was the use of yearly repeated measurements of diet as

exposure, and data was adjusted for a sizable number of potential confounders.

7.4. Global and future perspective

As a global perspective, the total fluid intake and the association between the beverage pattern
consumption and health or disease is an important issue to explore worldwide in the future. The
results of this research are relevant because they emphasise the importance of correctly assess
total fluid and beverages intake and relating it with lifestyle and health. In the last years, a change
in the beverage intake and fluid pattern of the population worldwide occurred. The intake of
water, milk and dairy products has been replaced by the consumption of SSBs and fruit juices in
some parts of the globe 357. The changes in fluid pattern combined with a more sedentary lifestyle,
both at work and in leisure time activities, and a worst diet quality may be a possible explanation
about obesity epidemic, the risk of CVD and MetS observed in past years 358359, Therefore, the
scientific evidence already demonstrated and supported the benefits and importance of a good
hydration and a sufficient intake of plain water 61719, However, the effect of other types of
beverages in health is still not well known. We have contributed to investigate the associations
between some types of beverages, such as SSBs, artificially sweetened beverages and fruit juices
and MetS incidence in a Mediterranean population at high cardiovascular risk. Public health
policies and appropriate nutritional recommendations to promote a healthier beverage pattern
at different levels (schools, universities, primary care centres, hospitals, etc.) should be
performed for prevention of chronic disease at a national and international level. As stated by our
group in the present thesis fluid intake is related with lifestyle, so these public health policies may
also have beneficial effects in increasing the quality of diet and physical exercise practice.

Establishing and maintaining a culture of “hydration awareness” may require changing of habitual
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behaviours in relation to the timing, type and quantity of fluid ingestion. However, before
performing any public health policy is very important to really know the beverage pattern of a
population, as we did for the first time in Spain. The essential in fluid intake assessment is the
availability of a validated gold standard method, that can be used for accurately assess beverages
intake as a cross-sectional or prospective analysis. Nowadays in Spain this issue is solved, and a
more real and accurate description of beverages intake can be performed in future.

From the findings of the present work, we could consider several future hypotheses that will help
complete and understand the current knowledge on fluid pattern and beverages intake. In
addition, a better understanding of the mechanisms that could explain the associations especially
between artificially-sweetened beverages and fruit juices and MetS incidence, reported in the
present thesis, will be an important point to investigate in future. Further epidemiological studies
to extrapolate our results, regarding the relation between sweetened beverages and risk of MetS,
to other populations such as healthy and younger individuals, overweight or obesity, no having
CVD risk and even from other European countries, will be of great interest to perform. Besides, it
is known that MetS entails an increased risk of CVD, cardiovascular death and cause-specific
mortality 199-201, For this reason, and because we described in the present thesis an increased risk
of MetS with a frequent consumption of sweetened beverages, it will be of great interest to
investigate the relation existent between SSBs, artificially sweetened beverages and fruit juices
(bottled and natural) and the risk of CVD, cardiovascular death and all-cause death in the same
Mediterranean middle-age and elderly population. Furthermore, future analysis regarding other
types of beverages and MetS incidence or CVD and cardiovascular death, and even other diseases
and disorders, can now be performed thanks to the availability of the Spanish fluid-specific
questionnaire, which is now validated. These analyses can be performed within the PREDIMED-
PLUS study or in another clinical trial with a long-term follow-up time and large population
samples. The results presented in this thesis are the first ones from the Liq.In7 study, which was
a pilot trial. In the future, the limitations will be corrected and some improvements will be done,
in order to have a more solid results and a real fluid pattern from a representative sample of the
population. Upcoming in the next months, a new fluid intake report will be performed to describe

the consumption in 2015 and to compare it will the already published results from 2012. Finally,
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the findings of the present thesis combined with the near-future research on fluid intake will help
provide strong scientific evidence to develop and promote public health actions based on
beverage and hydration changes.

As final comments, the results of this work support the adverse effects of the consumption of SSBs,
artificially sweetened beverages and bottled and natural fruit juices on the incidence of MetS in a
middle age and elderly population at high cardiovascular risk. Fluid intake assessment and
beverages pattern play important roles in lifestyle, probably modulating the quality of diet and
physical exercise practice, and in disease. This work has contributed to add new knowledge on
the effect of specific beverages — SSBs, artificially-sweetened beverages, natural fruit juices and
bottled fruit juices — on MetS, but also to alert for the importance of an accurate fluid intake
assessment and for the need of a validated tool to record the real beverage consumption at a
population level. This is very important from a public health point of view, due to the relevance
of the negative effects of some beverages, which can entail in a great expense, both for financial
and human burden. Politicians, medical doctors, researchers, industries and registered dieticians
should paid more attention on the amount of fluid intake, fluid pattern and types of beverages

consumed.
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8. CONCLUSIONS

We designed and validated a Spanish fluid-specific frequency questionnaire that is relatively valid
and highly reliable for assessing the intake of water and other types of beverages in Spanish

adults.

Approximately half of the Spanish population does not meet the EFSA recommendations for total
fluid intake. Water was the main beverage consumed, but a significant amount of dietary calories
were provided by other beverages. A quarter of the studied population consumed more free-

sugars from beverages than recommended by WHO.

Spanish participants who adhered more closely to the MedDiet and who engaged in more physical
exercise had a healthier fluid intake pattern, characterized by a high consumption of water,
moderate in wine and low in SSBs. Participants with a healthier lifestyle had a greater probability

of complying with EFSA total daily fluid intake and WHO free-sugar intake recommendations.

According to the results from 13 countries surveys worldwide, only 40% of men and 60% of
women complied with EFSA adequate intake of water from fluids. In most countries, men and

elderly individuals had an increased risk of not complying with these Als.

TFI and types of beverages consumption differs considerably between countries, but it seems to
exist a similar geographical pattern. Drinking water was the most consumed beverage worldwide,
however the consumption of SSBs and fruit juices highly contributed, in some countries, to total
energy intake. When comparing countries, the proportion of adults exceeding the WHO

recommendation for energy intake provided by free sugars ranged from 11 up to 70.9%.

In a middle-aged and elderly Mediterranean population at high cardiovascular risk, occasional
consumption (1-5 servings/week) of SSBs and artificially sweetened beverages was not

associated with overall MetS incidence. The consumption of 1-5 servings of natural and bottled
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fruit juices/week may reduce the risk of MetS. Consumption of more than five servings per week
of all of the types of beverages analysed (SSBs, artificially sweetened beverages, bottled and

natural fruit juices) was associated with an increased risk of MetS and some of its components.

-217 -



UNIVERSITAT ROVIRA I VIRGILI
ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH
Cintia Sofia Ferreira Pé&go

9. REFERENCES



UNIVERSITAT ROVIRA I VIRGILIT
ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH
Cintia Sofia Ferreira Pé&go



UNIVERSITAT ROVIRA I VIRGILIT
ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH
Cintia Sofia Ferreira Pé&go

References
9. REFERENCES
1. Rylander, R. Drinking water constituents and disease. J. Nutr. 138, 423S5-425S (2008).
2. Miller, V. S. & Bates, G. P. Hydration, hydration, hydration. Ann. Occup. Hyg. 54, 134-6
(2010).
3. Héussinger, D. The role of cellular hydration in the regulation of cell function. Biochem. J.
313 (Pt 3,697-710 (1996).
4. Fellin, A. Quale acqua per la nostra salute? (Tecnique Nuove, 2003).
5. Petraccia, L., Liberati, G., Masciullo, S. G., Grassi, M. & Fraioli, A. Water, mineral waters and
health. Clin. Nutr. 25, 377-85 (2006).
6. Ritz, P. & Berrut, G. The importance of good hydration for day-to-day health. Nutr. Rev.
63, S6-13 (2005).
7. Iglesias Rosado, C. et al. Importancia del agua en la hidratacion de la poblacién espafiola:
documento FESNAD 2010. Nutr. Hosp. 26, 27-36 (2011).
8. Nicolaidis, S. in Hydration Throughout Life 247 (John Libbey Eurotext, 1998).
9. Altman, P. in (Federation of American Societies for Experimental Biology, 1961).

10. Sawka, M. N., Cheuvront, S. N. & Iii, R. C. Human Water Needs. Nutr. Rev. 63, S30-S39
(2005).

11. Guyton, A., Taylor, A. & Granger, H. Circulatory Physiology 1I: Dinamics and Control of Body
Fluids. (W.B. Saunders, 1975).

12. Van Loan, M. & Boileu, R. in Body Fluid Balance: Exercise and Sport 215-230 (CRC Press,
1996).

13. Popkin, B., D’Anci, K. & Rosenberg, [. Water, hydration, and health. Nutr. Rev. 68, 439-458
(2010).

14. Agostoni, C., Bresson, ]. & Fairweather-Tait, S. Scientific opinion on dietary reference
values for water. EFSA J. 8, 1-48 (2010).

15. WELCH, B. E., BUSKIRK, E. R. & [AMPIETRO, P. F. Relation of climate and temperature to
food and water intake in man. Metabolism. 7, 141-8 (1958).

16. Grandjean, A. C. & Campbell, S. M. Hydration : Fluids for Life. (North American Branch of

-221-



UNIVERSITAT ROVIRA I VIRGILIT
ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH
Cintia Sofia Ferreira Pé&go

References

the International Life Sciences Institute, 2004).

17. Benelam, B. & Wyness, L. Hydration and health: a review. Nutr. Bull. 35, 3-25 (2010).

18. Jéquier, E. & Constant, F. Water as an essential nutrient: the physiological basis of
hydration. Eur. J. Clin. Nutr. 64, 115-23 (2010).

19. Popkin, B. B. M., D’Ancij, K. K. E. & Rosenberg, 1. I. H. Water, hydration, and health. Nutr.
Rev. 68, 439-458 (2010).

20. Institute of Medicine. Dietary Reference Intakes for water, potassium, sodium, chloride and
sulfate. (The National Academies Press, 2005).

21. Martinez Alvarez, ]. R. et al. Recomendaciones de bebida e hidratacién para la poblacién
espafiola. Nutr Clin Diet Hosp 28, 3-19 (2008).

22. McKiernan, F., Houchins, J. A. & Mattes, R. D. Relationships between human thirst, hunger,
drinking, and feeding. Physiol. Behav. 94, 700-8 (2008).

23. Agostoni, C. V et al. Scientific opinion on dietary reference values for water. EFSA J. 8, 1-
48 (2010).
24. EFSA. How much water does my body need ? The scientific answer from the European

Food Safety Authority. EFBW Sci. Folio n°1 1, 5-6 (2010).

25. Manz, F. & Wentz, A. Hydration Status in the United States and Germany. 63, 55-62
(2005).

26. Subcommitee on the Tenth Edition of the RDAs. Recommended Dietary Allowances - 10th
Edition. (National Academy Press, 1989).

27. Johnson, E. C. et al. Markers of the hydration process during fluid volume modification in
women with habitual high or low daily fluid intakes. Eur. J. Appl. Physiol. 115, 1067-74 (2015).
28. Lafontan, M. H4H - hydration for health. Obes. Facts 7 Suppl 2, 1-5 (2014).

29. Malisova, 0., Bountziouka, V., Panagiotakos, D. B., Zampelas, A. & Kapsokefalou, M. The
water balance questionnaire: design, reliability and validity of a questionnaire to evaluate water
balance in the general population. Int. J. Food Sci. Nutr. 63, 138-44 (2012).

30. Manz, F., Johner, S. a, Wentz, A., Boeing, H. & Remer, T. Water balance throughout the adult
life span in a German population. Br. J. Nutr. 107, 1673-81 (2012).

31. Rieb], S. K. et al. Beverage Choices of Adolescents and Their Parents Using the Theory of

-222-



UNIVERSITAT ROVIRA I VIRGILIT
ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH
Cintia Sofia Ferreira Pé&go

References

Planned Behavior: A Mixed Methods Analysis. J. Acad. Nutr. Diet. 116, 226-239.e1 (2016).

32. Marshall, T. A, Eichenberger Gilmore, ]. M., Broffitt, B., Levy, S. M. & Stumbo, P. ]. Relative
validation of a beverage frequency questionnaire in children ages 6 months through 5 years using
3-day food and beverage diaries. J. Am. Diet. Assoc. 103, 714-20; discussion 720 (2003).

33. Willett, W. & Lenart, E. Nutritional epidemiology. (Oxford University Press, 1998).

34. Hedrick, V. E. et al. Development of a brief questionnaire to assess habitual beverage
intake (BEVQ-15): sugar-sweetened beverages and total beverage energy intake. J. Acad. Nutr.
Diet. 112, 840-9 (2012).

35. Serra-Majem, L. et al. A comparison of five questionnaires to assess alcohol consumption
in a Mediterranean population. Public Health Nutr. 5, 589-94 (2002).

36. Neuhouser, M. L, Lilley, S., Lund, A. & Johnson, D. B. Development and validation of a
beverage and snack questionnaire for use in evaluation of school nutrition policies. . Am. Diet.
Assoc. 109, 1587-92 (2009).

37. Hedrick, V. E,, Comber, D. L., Estabrooks, P. A,, Savla, ]. & Davy, B. M. The beverage intake
questionnaire: determining initial validity and reliability. /. Am. Diet. Assoc. 110, 1227-32 (2010).
38. Valtin, H. ‘Drink at least eight glasses of water a day.” Really? Is there scientific evidence
for ‘8 x 8’? Am. J. Physiol. Regul. Integr. Comp. Physiol. 283, R993-1004 (2002).

39. Murray, B. Hydration and physical performance. J. Am. Coll. Nutr. 26, 5425-548S (2007).
40. Montain, S. J. & Coyle, E. F. Influence of graded dehydration on hyperthermia and
cardiovascular drift during exercise. J. Appl. Physiol. 73, 1340-50 (1992).

41. Cheuvront, S. N., Carter, R. & Sawka, M. N. Fluid balance and endurance exercise
performance. Curr. Sports Med. Rep. 2, 202-8 (2003).
42. Maughan, R. ]., Watson, P. & Shirreffs, S. M. Heat and cold : what does the environment do

to the marathon runner? Sports Med. 37, 396-9 (2007).

43. Paik, I.-Y. et al. Fluid replacement following dehydration reduces oxidative stress during
recovery. Biochem. Biophys. Res. Commun. 383, 103-7 (2009).

44, Bar-Or, O., Dotan, R,, Inbar, 0., Rotshtein, A. & Zonder, H. Voluntary hypohydration in 10-
to 12-year-old boys. J. Appl Physiol. 48, 104-8 (1980).

45. Cian, C. et al Influence of Variations in Body Hydration on Cognitive Function. J.

-223-



UNIVERSITAT ROVIRA I VIRGILIT
ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH
Cintia Sofia Ferreira Pé&go

References

Psychophysiol. 14, 29-36 (2000).

46. Cian, C., Barraud, P. A, Melin, B. & Raphel, C. Effects of fluid ingestion on cognitive function
after heat stress or exercise-induced dehydration. Int. J. Psychophysiol. 42,243-51 (2001).

47. Gopinathan, P. M,, Pichan, G. & Sharma, V. M. Role of dehydration in heat stress-induced
variations in mental performance. Arch. Environ. Health 43, 15-7

48. D’anci, K. E.,, Vibhakar, A, Kanter, ]. H, Mahoney, C. R. & Taylor, H. A. Voluntary
dehydration and cognitive performance in trained college athletes. Percept. Mot. Skills 109, 251-
69 (2009).

49, Suhr, J. A, Hall, ], Patterson, S. M. & Niinisto, R. T. The relation of hydration status to
cognitive performance in healthy older adults. Int. J. Psychophysiol. 53, 121-5 (2004).

50. Sharma, V. M., Sridharan, K., Pichan, G. & Panwar, M. R. Influence of heat-stress induced
dehydration on mental functions. Ergonomics 29, 791-9 (1986).

51. Culp, K. R. et al. Bioelectrical impedance analysis and other hydration parameters as risk
factors for delirium in rural nursing home residents. J. Gerontol. A. Biol. Sci. Med. Sci. 59, 813-7
(2004).

52. Lawlor, P. G. Delirium and dehydration: some fluid for thought? Support. Care Cancer 10,
445-54 (2002).

53. Voyer, P, Richard, S., Doucet, L. & Carmichael, P.-H. Predisposing factors associated with
delirium among demented long-term care residents. Clin. Nurs. Res. 18, 153-71 (2009).

54. Cohen, S. After effects of stress on human performance during a heat acclimatization
regimen. Aviat Sp. Environ. Med. 54, 709-713 (1983).

55. Shirreffs, S. M., Merson, S. ]., Fraser, S. M. & Archer, D. T. The effects of fluid restriction on
hydration status and subjective feelings in man. Br. J. Nutr. 91, 951-8 (2004).

56. Blauy, J. N. Water deprivation: a new migraine precipitant. Headache 45, 757-9 (2005).
57. Blay, J. N,, Kell, C. A. & Sperling, ]. M. Water-deprivation headache: a new headache with
two variants. Headache 44, 79-83 (2004).

58. Spigt, M. G. et al. Increasing the daily water intake for the prophylactic treatment of
headache: a pilot trial. Eur. J. Neurol. 12, 715-8 (2005).

59. Arnaud, M. ]. Mild dehydration: a risk factor of constipation? Eur. J. Clin. Nutr. 57 Suppl 2,

-224-



UNIVERSITAT ROVIRA I VIRGILIT
ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH
Cintia Sofia Ferreira Pé&go

References

$88-95 (2003).

60. Lindeman, R. D. et al. Do elderly persons need to be encouraged to drink more fluids? J.
Gerontol. A. Biol. Sci. Med. Sci. 55, M361-5 (2000).

61. Robson, K. M,, Kiely, D. K. & Lembo, T. Development of constipation in nursing home
residents. Dis. Colon Rectum 43, 940-3 (2000).

62. Kosek, M., Bern, C. & Guerrant, R. L. The global burden of diarrhoeal disease, as estimated
from studies published between 1992 and 2000. Bull. World Health Organ. 81, 197-204 (2003).
63. Atia, A. N. & Buchman, A. L. Oral rehydration solutions in non-cholera diarrhea: a review.
Am. J. Gastroenterol. 104, 2596-604; quiz 2605 (2009).

64. SCHOEN, E. J. Minimum urine total solute concentration in response to water loading in
normal men. J. Appl. Physiol. 10, 267-70 (1957).

65. Shirreffs, S. M. & Maughan, R. ]. in Hydration Throughout Life 31-39 (John Libbey
Eurotext, 1998).

66. Schroeder, C. et al. Water drinking acutely improves orthostatic tolerance in healthy

subjects. Circulation 106, 2806-11 (2002).

67. Lu, C.-C. et al. Water ingestion as prophylaxis against syncope. Circulation 108, 2660-5
(2003).
68. Callegaro, C. C. et al Acute water ingestion increases arterial blood pressure in

hypertensive and normotensive subjects. J. Hum. Hypertens. 21, 564-70 (2007).

69. Ando, S. et al. Simple standing test predicts and water ingestion prevents vasovagal
reaction in the high-risk blood donors. Transfusion 49, 1630-6 (2009).

70. Manz, F. & Wentz, A. The importance of good hydration for the prevention of chronic
diseases. Nutr. Rev. 63, S2-5 (2005).

71. Campbell, S. M. Hydration needs throughout the lifespan. . Am. Coll. Nutr. 26, 5855-587S
(2007).

72. US Department of Agriculture & US Department of Health and Human Services. Dietary
Guidelines For Americans 2015-2020. (2015).

73. US Department of Agriculture & US Department of Health and Human Services. Dietary
Guidelines for Americans 2010. (2010).

-225-



UNIVERSITAT ROVIRA I VIRGILIT
ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH
Cintia Sofia Ferreira Pé&go

References

74. Dennis, E. A, Flack, K. D. & Davy, B. M. Beverage consumption and adult weight
management: A review. Eat. Behav. 10, 237-46 (2009).

75. Muckelbauer, R., Sarganas, G., Griineis, A. & Miiller-Nordhorn, ]. Association between
water consumption and body weight outcomes: a systematic review. Am. J. Clin. Nutr. 98, 282-99
(2013).

76. Tate, D. F. et al. Replacing caloric beverages with water or diet beverages for weight loss
in adults: main results of the Choose Healthy Options Consciously Everyday (CHOICE)
randomized clinical trial. Am. J. Clin. Nutr. 95, 555-63 (2012).

77. World Health Organization. Calcium and Magnesium in Drinking-Water - Public health
significance. World Heal. Organ. 67, 612-613 (2009).

78. Southgate DAT. in Human Nutrition and Dietetics 385-94 (Churchill Livingstone, 2001).
79. Garzon, P. & Eisenberg, M. Variation in the mineral content of commercially available
bottled waters: implications for health and disease. Am. J. Med. 105, 125-30 (1998).

80. Mubagwa, K., Gwanyanya, A. Zakharov, S. & Macianskiene, R. Regulation of cation
channels in cardiac and smooth muscle cells by intracellular magnesium. Arch. Biochem. Biophys.
458, 73-89 (2007).

81. Neumar, R. W. et al. Part 8: adult advanced cardiovascular life support: 2010 American
Heart Association Guidelines for Cardiopulmonary Resuscitation and Emergency Cardiovascular
Care. Circulation 122, S729-67 (2010).

82. Shechter, M. Magnesium and cardiovascular system. Magnes. Res. 23, 60-72 (2010).

83. Del Gobbo, L. C. et al. Circulating and dietary magnesium and risk of cardiovascular
disease: a systematic review and meta-analysis of prospective studies. Am. J. Clin. Nutr. 98, 160-
73 (2013).

84. Hruby, A. et al Magnesium Intake Is Inversely Associated With Coronary Artery
Calcification: The Framingham Heart Study. JACC. Cardiovasc. Imaging (2014).
doi:10.1016/j.jcmg.2013.10.006

85. Song, Y., Li, T. Y, van Dam, R. M., Manson, ]. E. & Hu, F. B. Magnesium intake and plasma
concentrations of markers of systemic inflammation and endothelial dysfunction in women. Am.

J. Clin. Nutr. 85, 1068-74 (2007).

-226 -



UNIVERSITAT ROVIRA I VIRGILIT
ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH
Cintia Sofia Ferreira Pé&go

References

86. Chacko, S. A. et al. Relations of dietary magnesium intake to biomarkers of inflammation
and endothelial dysfunction in an ethnically diverse cohort of postmenopausal women. Diabetes
Care 33, 304-10 (2010).

87. Mroczek, W. ]., Lee, W. R. & Davidov, M. E. Effect of magnesium sulfate on cardiovascular
hemodynamics. Angiology 28, 720-4 (1977).

88. Rasmussen, H. S. Larsen, O. G., Meier, K. & Larsen, ]. Hemodynamic effects of
intravenously administered magnesium on patients with ischemic heart disease. Clin. Cardiol. 11,
824-8 (1988).

89. Altura, B. M. & Altura, B. T. New perspectives on the role of magnesium in the
pathophysiology of the cardiovascular system. II. Experimental aspects. Magnesium 4, 245-71
(1985).

90. Iseri, L. T. & French, ]J. H. Magnesium: nature’s physiologic calcium blocker. Am. Heart J.
108, 188-93 (1984).

91. Holroyde, M. ], Robertson, S. P., Johnson, ]. D, Solaro, R. J. & Potter, ]. D. The calcium and
magnesium binding sites on cardiac troponin and their role in the regulation of myofibrillar
adenosine triphosphatase. J. Biol. Chem. 255, 11688-93 (1980).

92. Sordahl, L. A. Effects of magnesium, Ruthenium red and the antibiotic ionophore A-23187
on initial rates of calcium uptake and release by heart mitochondria. Arch. Biochem. Biophys. 167,
104-15 (1975).

93. Cotton, D. B,, Gonik, B. & Dorman, K. F. Cardiovascular alterations in severe pregnancy-
induced hypertension: acute effects of intravenous magnesium sulfate. Am. J. Obstet. Gynecol. 148,
162-5 (1984).

94. Altura, B. M. Magnesium-neurohypophyseal hormone interactions in contraction of
vascular smooth muscle. Am. J. Physiol. 228, 1615-20 (1975).

95. Jee, S. H. et al. The effect of magnesium supplementation on blood pressure: a meta-
analysis of randomized clinical trials. Am. J. Hypertens. 15, 691-6 (2002).

96. Sauvant, M. P. & Pepin, D. Drinking water and cardiovascular disease. Food Chem. Toxicol.
40,1311-25 (2002).

97. Kesteloot, H. & Joossens, ]. V. Relationship of dietary sodium, potassium, calcium, and

-227 -



UNIVERSITAT ROVIRA I VIRGILIT
ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH
Cintia Sofia Ferreira Pé&go

References

magnesium with blood pressure. Belgian Interuniversity Research on Nutrition and Health.
Hypertension 12, 594-9 (1988).

98. Joffres, M. R,, Reed, D. M. & Yano, K. Relationship of magnesium intake and other dietary
factors to blood pressure: the Honolulu heart study. Am. J. Clin. Nutr. 45, 469-75 (1987).

99, Anderson, T. W,, Neri, L. C.,, Schreiber, G. B., Talbot, F. D. & Zdrojewski, A. Letter: Ischemic
heart disease, water hardness and myocardial magnesium. Can. Med. Assoc. J. 113, 199-203
(1975).

100. Masironi, R, Pisa, Z. & Clayton, D. Myocardial infarction and water hardness in the WHO
myocardial infarction registry network. Bull. World Health Organ. 57,291-9 (1979).

101.  Sengupta, P. Potential Health Impacts of Hard Water. Int. J. Prev. Med. 4, 866-875 (2013).
102. Mackinnon, A. U. & Taylor, S. H. Relationship between ‘sudden’ coronary deaths and
drinking water hardness in five Yorkshire cities and towns. Int. J. Epidemiol. 9, 247-9 (1980).
103. Sonneborn, M. & Mandelkow, ]. German studies on health effects of inorganic drinking
water constituents. Sci. Total Environ. 18, 47-60 (1981).

104. Allender, P. S. et al. Dietary calcium and blood pressure: a meta-analysis of randomized
clinical trials. Ann. Intern. Med. 124, 825-31 (1996).

105. Larsson, S. C., Bergkvist, L., Rutegard, ]., Giovannucci, E. & Wolk, A. Calcium and dairy food
intakes are inversely associated with colorectal cancer risk in the Cohort of Swedish Men. Am. J.
Clin. Nutr. 83, 667-73-9 (2006).

106. Barbagallo, M. et al. Role of magnesium in insulin action, diabetes and cardio-metabolic
syndrome X. Mol. Aspects Med. 24, 39-52 (2003).

107.  Barbagallo, M. et al. Serum ionized magnesium in diabetic older persons. Metabolism.
(2013).doi:10.1016/j.metabol.2013.12.003

108.  Galli-Tsinopoulou, A. et al. Association between magnesium concentration and HbAlc in
children and adolescents with type 1 diabetes mellitus. J. Diabetes (2014). doi:10.1111/1753-
0407.12118

1009. S, P., Pasula, S. & Sameera, K. Trace elements in diabetes mellitus. J. Clin. Diagn. Res. 7,
1863-5 (2013).

110.  Lopez-Ridaura, R. et al. Magnesium intake and risk of type 2 diabetes in men and women.

-228-



UNIVERSITAT ROVIRA I VIRGILIT
ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH
Cintia Sofia Ferreira Pé&go

References

Diabetes Care 27, 134-40 (2004).

111.  Hata, A. et al. Magnesium intake decreases Type 2 diabetes risk through the improvement
of insulin resistance and inflammation: the Hisayama Study. Diabet. Med. 30, 1487-94 (2013).
112. Kousa, A., Puustinen, N., Karvonen, M. & Moltchanova, E. The regional association of rising
type 2 diabetes incidence with magnesium in drinking water among young adults. - PubMed -
NCBI. Env. Res 112, 126-8 (2012).

113.  Zhao, H. X. et al Drinking water composition and childhood-onset Type 1 diabetes
mellitus in Devon and Cornwall, England. Diabet. Med. 18, 709-17 (2001).

114.  Yang, C.Y.etal Magnesium in drinking water and the risk of death from diabetes mellitus.
Magnes. Res. 12,131-7 (1999).

115.  Tiselius, H. G. et al. Guidelines on Urolithiasis. European urology 40, (2008).

116. Mirzazadeh, M., Nouran, M. G., Richards, K. A. & Zare, M. Effects of drinking water quality
on urinary parameters in men with and without urinary tract stones. Urology 79, 501-7 (2012).
117. Schwartz, B. F., Schenkman, N. S, Bruce, J. E., Leslie, S. W. & Stoller, M. L. Calcium
nephrolithiasis: effect of water hardness on urinary electrolytes. Urology 60, 23-7 (2002).

118.  Bellizzi, V. et al. Effects of water hardness on urinary risk factors for kidney stones in
patients with idiopathic nephrolithiasis. Nephron 81 Suppl 1, 66-70 (1999).

119. Siener, R, Jahnen, A. & Hesse, A. Influence of a mineral water rich in calcium, magnesium
and bicarbonate on urine composition and the risk of calcium oxalate crystallization. Eur. J. Clin.
Nutr. 58, 270-6 (2004).

120.  Clark, W.F. et al. Hydration and Chronic Kidney Disease Progression: A Critical Review of
the Evidence. Am. J. Nephrol. 43, 281-92 (2016).

121. Aptel, 1., Cance-Rouzaud, A. & Grandjean, H. Association between calcium ingested from
drinking water and femoral bone density in elderly women: evidence from the EPIDOS cohort. J.
Bone Miner. Res. 14, 829-33 (1999).

122.  Meunier, P. |. et al. Consumption of a high calcium mineral water lowers biochemical
indices of bone remodeling in postmenopausal women with low calcium intake. Osteoporos. Int.
16, 1203-9 (2005).

123.  Dennis, E. A. et al. Water consumption increases weight loss during a hypocaloric diet

-229 -



UNIVERSITAT ROVIRA I VIRGILIT
ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH
Cintia Sofia Ferreira Pé&go

References

intervention in middle-aged and older adults. Obesity (Silver Spring). 18, 300-7 (2010).

124.  Pan, A. etal Changes in water and beverage intake and long-term weight changes: results
from three prospective cohort studies. Int. J. Obes. 37, 1378-85 (2013).

125. Chang, T., Ravi, N., Plegue, M. A, Sonneville, K. R. & Davis, M. M. Inadequate Hydration,
BM], and Obesity Among US Adults: NHANES 2009-2012. Ann. Fam. Med. 14, 320-4 (2016).

126.  Dahl, C. et al. Nationwide data on municipal drinking water and hip fracture: could
calcium and magnesium be protective? A NOREPOS study. Bone 57, 84-91 (2013).

127.  Duthie, D. & Crozier, A. in Plants, Diet & Health (ed. G Goldberg ed.) 147-81 (Blackwell
Publishing, 2003).

128.  Ruxton CHS. Black tea and health. Nutr. Bull. 33,91-101 (2008).

129. Ruxton, C. H. S., Gardner, E. ]. & Walker, D. Can pure fruit and vegetable juices protect
against cancer and cardiovascular disease too? A review of the evidence. Int. J. Food Sci. Nutr. 57,
249-72 (2006).

130. Michl, P. & Gress, T. M. Current concepts and novel targets in advanced pancreatic cancer.
Gut 62,317-26 (2013).

131. Zeng, ].-L., Li, Z.-H,, Wang, Z.-C. & Zhang, H.-L. Green tea consumption and risk of
pancreatic cancer: a meta-analysis. Nutrients 6, 4640-50 (2014).

132. Nelson, M. & Poulter, ]. Impact of tea drinking on iron status in the UK: a review. J. Hum.
Nutr. Diet. 17, 43-54 (2004).

133.  Scientific Advisory Committee on Nutrition. Iron and Health. (2010).

134. Je, Y. & Giovannucci, E. Coffee consumption and total mortality: a meta-analysis of twenty
prospective cohort studies. Br. J. Nutr. 111, 1162-73 (2014).

135. Ding, M., Bhupathiraju, S. N., Satija, A,, van Dam, R. M. & Hu, F. B. Long-term coffee
consumption and risk of cardiovascular disease: a systematic review and a dose-response meta-
analysis of prospective cohort studies. Circulation 129, 643-59 (2014).

136. Crippa, A., Discacciati, A., Larsson, S. C., Wolk, A. & Orsini, N. Coffee consumption and
mortality from all causes, cardiovascular disease, and cancer: a dose-response meta-analysis. Am.
J. Epidemiol. 180, 763-75 (2014).

137. Higdon, ]. V & Frei, B. Coffee and health: a review of recent human research. Crit. Rev. Food

-230-



UNIVERSITAT ROVIRA I VIRGILIT
ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH
Cintia Sofia Ferreira Pé&go

References

Sci. Nutr. 46,101-23 (2006).

138. O’Keefe, ]. H. et al. Effects of habitual coffee consumption on cardiometabolic disease,
cardiovascular health, and all-cause mortality. J. Am. Coll. Cardiol. 62, 1043-51 (2013).

1309. Mesas, A. E., Leon-Muifioz, L. M., Rodriguez-Artalejo, F. & Lopez-Garcia, E. The effect of
coffee on blood pressure and cardiovascular disease in hypertensive individuals: a systematic
review and meta-analysis. Am. J. Clin. Nutr. 94, 1113-26 (2011).

140. Robertson, D., Wade, D., Workman, R., Woosley, R. L. & Oates, ]. A. Tolerance to the
humoral and hemodynamic effects of caffeine in man. J. Clin. Invest. 67, 1111-7 (1981).

141. Steffen, M., Kuhle, C., Hensrud, D., Erwin, P. ]. & Murad, M. H. The effect of coffee
consumption on blood pressure and the development of hypertension: a systematic review and
meta-analysis. J. Hypertens. 30, 2245-54 (2012).

142. Winkelmayer, W. C.,, Stampfer, M. |, Willett, W. C. & Curhan, G. C. Habitual caffeine intake
and the risk of hypertension in women. JAMA 294, 2330-5 (2005).

143.  Buttriss, |. in Cardiovascular Disease: Diet, Nutrition and Emerging Risk Factors (ed. S
stanner ed.) 196-232 (Blackwell Publishing, 2005).

144.  Rebello, S. A. & van Dam, R. M. Coffee consumption and cardiovascular health: getting to
the heart of the matter. Curr. Cardiol Rep. 15,403 (2013).

145.  Thelle, D. S. [Coffee and cholesterol. A survey of published epidemiological and
experimental studies]. Tidsskr. den Nor. lzegeforening Tidsskr. Prakt. Med. ny raekke 107, 2429-30
(1987).

146. Bak, A. A. & Grobbee, D. E. The effect on serum cholesterol levels of coffee brewed by
filtering or boiling. N. Engl. ]. Med. 321, 1432-7 (1989).

147. Urgert, R. & Katan, M. B. The cholesterol-raising factor from coffee beans. Annu. Rev. Nutr.
17,305-24 (1997).

148. Brown, O. I, Allgar, V. & Wong, K. Y.-K. Coffee reduces the risk of death after acute
myocardial infarction: a meta-analysis. Coron. Artery Dis. (2016).
doi:10.1097/MCA.0000000000000397

149. Malerba, S. et al. A meta-analysis of prospective studies of coffee consumption and

mortality for all causes, cancers and cardiovascular diseases. Eur. J. Epidemiol. 28,527-39 (2013).

-231-



UNIVERSITAT ROVIRA I VIRGILIT
ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH
Cintia Sofia Ferreira Pé&go

References

150.  Wu,]. et al Coffee consumption and risk of coronary heart diseases: a meta-analysis of 21
prospective cohort studies. Int. J. Cardiol. 137, 216-25 (2009).

151. Larsson, S. C. Coffee, tea, and cocoa and risk of stroke. Stroke. 45, 309-14 (2014).

152. Dong, J., Zou, ]. & Yu, X.-F. Coffee drinking and pancreatic cancer risk: a meta-analysis of
cohort studies. World J. Gastroenterol. 17, 1204-10 (2011).

153. Yu, X, Bao, Z., Zou, J. & Dong, ]. Coffee consumption and risk of cancers: a meta-analysis
of cohort studies. BMC Cancer 11, 96 (2011).

154. Bravi, F. et al. Coffee drinking and hepatocellular carcinoma risk: a meta-analysis.
Hepatology 46, 430-5 (2007).

155. Bravi, F. et al Coffee drinking and endometrial cancer risk: a metaanalysis of
observational studies. Am. J. Obstet. Gynecol. 200, 130-5 (2009).

156. Je, Y., Liu, W. & Giovannucci, E. Coffee consumption and risk of colorectal cancer: a
systematic review and meta-analysis of prospective cohort studies. Int. J. cancer 124, 1662-8
(2009).

157.  Galeone, C. et al. Coffee and tea intake and risk of head and neck cancer: pooled analysis
in the international head and neck cancer epidemiology consortium. Cancer Epidemiol
Biomarkers Prev. 19, 1723-36 (2010).

158. Turati, F., Galeone, C., La Vecchia, C., Garavello, W. & Tavani, A. Coffee and cancers of the
upper digestive and respiratory tracts: meta-analyses of observational studies. Ann. Oncol. 22,
536-44 (2011).

159. Huxley, R. et al. Coffee, decaffeinated coffee, and tea consumption in relation to incident
type 2 diabetes mellitus: a systematic review with meta-analysis. Arch. Intern. Med. 169, 2053-63
(2009).

160. Danaei, G. et al. National, regional, and global trends in fasting plasma glucose and
diabetes prevalence since 1980: systematic analysis of health examination surveys and
epidemiological studies with 370 country-years and 2:7 million participants. Lancet (London,
England) 378, 31-40 (2011).

161. Wild, S., Roglic, G., Green, A, Sicree, R. & King, H. Global prevalence of diabetes: estimates
for the year 2000 and projections for 2030. Diabetes Care 27, 1047-53 (2004).

-232-



UNIVERSITAT ROVIRA I VIRGILIT
ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH
Cintia Sofia Ferreira Pé&go

References

162. Zhang, P. et al. Global healthcare expenditure on diabetes for 2010 and 2030. Diabetes
Res. Clin. Pract. 87,293-301 (2010).

163. Nathan, D. M. Long-term complications of diabetes mellitus. N. Engl. J. Med. 328, 1676-85
(1993).

164. Jiang, X., Zhang, D. & Jiang, W. Coffee and caffeine intake and incidence of type 2 diabetes
mellitus: a meta-analysis of prospective studies. Eur. J. Nutr. 53, 25-38 (2014).

165. Ding, M., Bhupathiraju, S. N., Chen, M., van Dam, R. M. & Hu, F. B. Caffeinated and
decaffeinated coffee consumption and risk of type 2 diabetes: a systematic review and a dose-
response meta-analysis. Diabetes Care 37, 569-86 (2014).

166.  Grosso, G. et al. Association of daily coffee and tea consumption and metabolic syndrome:
results from the Polish arm of the HAPIEE study. Eur. J. Nutr. (2014). doi:10.1007/s00394-014-
0789-6

167.  Matsuura, H. et al. Relationship between coffee consumption and prevalence of metabolic
syndrome among Japanese civil servants. J. Epidemiol. 22, 160-6 (2012).

168. Grosso, G., Marventano, S., Galvano, F., Pajak, A. & Mistretta, A. Factors associated with
metabolic syndrome in a mediterranean population: role of caffeinated beverages. J. Epidemiol.
24,327-33 (2014).

169. Kim, H.-],, Cho, S., Jacobs, D. R. & Park, K. Instant coffee consumption may be associated
with higher risk of metabolic syndrome in Korean adults. Diabetes Res. Clin. Pract. 106, 145-53
(2014).

170.  Wilsgaard, T. & Jacobsen, B. K. Lifestyle factors and incident metabolic syndrome. The
Tromsg Study 1979-2001. Diabetes Res. Clin. Pract. 78, 217-24 (2007).

171. Shang, F., Li, X. & Jiang, X. Coffee consumption and risk of the metabolic syndrome: A
meta-analysis. Diabetes Metab. 42, 80-7 (2016).

172.  Marventano, S. et al. Coffee and tea consumption in relation with non-alcoholic fatty liver
and metabolic syndrome: A systematic review and meta-analysis of observational studies. Clin.
Nutr. (2016). d0i:10.1016/j.cInu.2016.03.012

173. Eckel, R. H,, Grundy, S. M. & Zimmet, P. Z. The metabolic syndrome. Lancet 365, 1415-28
(2005).

-233-



UNIVERSITAT ROVIRA I VIRGILIT
ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH
Cintia Sofia Ferreira Pé&go

References

174.  American Heart Association et al. Diagnosis and management of the metabolic syndrome.
An American Heart Association/National Heart, Lung, and Blood Institute Scientific Statement.
Executive summary. Cardiol. Rev. 13, 322-7 (2005).

175. Armstrong, L. E. Caffeine, body fluid-electrolyte balance, and exercise performance. Int. J.
Sport Nutr. Exerc. Metab. 12, 189-206 (2002).

176.  Armstrong, L. E. Hydration assessment techniques. Nutr. Rev. 63, S40-54 (2005).

177. Stookey, J. D. The diuretic effects of alcohol and caffeine and total water intake
misclassification. Eur. J. Epidemiol. 15, 181-8 (1999).

178.  Maughan, R.]. & Griffin, ]. Caffeine ingestion and fluid balance: a review. J. Hum. Nutr. Diet.
16,411-20 (2003).

179. Lucas, M. et al. Coffee, caffeine, and risk of completed suicide: results from three
prospective cohorts of American adults. World J. Biol. Psychiatry 15, 377-86 (2014).

180.  Saaksjarvi, K. et al. Prospective study of coffee consumption and risk of Parkinson’s
disease. Eur. J. Clin. Nutr. 62, 908-15 (2008).

181. Barranco Quintana, J. L., Allam, M. F.,, Serrano Del Castillo, A. & Fernandez-Crehuet
Navajas, R. Alzheimer’s disease and coffee: a quantitative review. Neurol. Res. 29,91-5 (2007).
182.  Leitzmann, M.F. et al Coffee intake is associated with lower risk of symptomatic gallstone
disease in women. Gastroenterology 123, 1823-30 (2002).

183.  Leitzmann, M. F. et al. A prospective study of coffee consumption and the risk of
symptomatic gallstone disease in men. JAMA 281, 2106-12 (1999).

184. Goémez-Ruiz, |. A, Leake, D. S. & Ames, J. M. In vitro antioxidant activity of coffee
compounds and their metabolites. J. Agric. Food Chem. 55, 6962-9 (2007).

185. van Dam, R. M. Coffee and type 2 diabetes: from beans to beta-cells. Nutr. Metab.
Cardiovasc. Dis. 16, 69-77 (2006).

186.  Pham, N. M. et al. Coffee and green tea consumption is associated with insulin resistance
in Japanese adults. Metabolism. 63, 400-8 (2014).

187.  Huber, W. W. et al. Coffee and its chemopreventive components Kahweol and Cafestol
increase the activity of 06-methylguanine-DNA methyltransferase in rat liver--comparison with

phase Il xenobiotic metabolism. Mutat. Res. 522, 57-68 (2003).

-234-



UNIVERSITAT ROVIRA I VIRGILIT
ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH
Cintia Sofia Ferreira Pé&go

References

188.  Hu, F.B. & Malik, V. S. Sugar-sweetened beverages and risk of obesity and type 2 diabetes:
epidemiologic evidence. Physiol. Behav. 100, 47-54 (2010).

189. Han, E. & Powel], L. M. Consumption patterns of sugar-sweetened beverages in the United
States. J. Acad. Nutr. Diet. 113, 43-53 (2013).

190. Vartanian, L. R., Schwartz, M. B. & Brownell, K. D. Effects of soft drink consumption on
nutrition and health: a systematic review and meta-analysis. Am. J. Public Health 97, 667-75
(2007).

191.  Hamel, C. et al. Do sugar-sweetened beverages cause adverse health outcomes in adults?
A systematic review protocol. Syst. Rev. 3, 108 (2014).

192.  World Health Organization. Obesity and overweight. Fact sheet N°311 (2015). Available
at: http://www.who.int/mediacentre/factsheets/fs311/en/.

193. Malik, V. S., Pan, A,, Willett, W. C. & Hu, F. B. Sugar-sweetened beverages and weight gain
in children and adults: a systematic review and meta-analysis. Am. J. Clin. Nutr. 98, 1084-102
(2013).

194.  Ebbeling, C. B. Sugar-sweetened beverages and body weight. Curr. Opin. Lipidol. 25, 1-7
(2014).

195. Bleich, S. N., Wolfson, J. A, Vine, S. & Wang, Y. C. Diet-beverage consumption and caloric
intake among US adults, overall and by body weight. Am. J. Public Health 104, e72-8 (2014).

196.  Martin-Calvo, N. et al Sugar-sweetened carbonated beverage consumption and
childhood/adolescent obesity: a case-control study. Public Health Nutr. 17,2185-93 (2014).
197.  Daniels, M. C. & Popkin, B. M. Impact of water intake on energy intake and weight status:
a systematic review. Nutr. Rev. 68, 505-21 (2010).

198.  DiMeglio, D. P. & Mattes, R. D. Liquid versus solid carbohydrate: effects on food intake and
body weight. Int. J. Obes. Relat. Metab. Disord. 24, 794-800 (2000).

199.  Alberti, K. G. M. M. et al. Harmonizing the metabolic syndrome: a joint interim statement
of the International Diabetes Federation Task Force on Epidemiology and Prevention; National
Heart, Lung, and Blood Institute; American Heart Association; World Heart Federation;
International . Circulation 120, 1640-5 (2009).

200. Alberti, K. G. M. M,, Zimmet, P. & Shaw, ]. The metabolic syndrome--a new worldwide

-235-



UNIVERSITAT ROVIRA I VIRGILIT
ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH
Cintia Sofia Ferreira Pé&go

References

definition. Lancet 366, 1059-62 (2005).

201. Galassi, A., Reynolds, K. & He, ]. Metabolic syndrome and risk of cardiovascular disease: a
meta-analysis. Am. J. Med. 119, 812-9 (2006).

202. Crichton, G., Alkerwi, A. & Elias, M. Diet Soft Drink Consumption is Associated with the
Metabolic Syndrome: A Two Sample Comparison. Nutrients 7, 3569-86 (2015).

203.  Khosravi-Boroujeni, H. et al. Consumption of sugar-sweetened beverages in relation to
the metabolic syndrome among Iranian adults. Obes. Facts 5, 527-37 (2012).

204. Ejtahed, H. S, Bahadoran, Z. Mirmiran, P. & Azizi, F. Sugar-Sweetened Beverage
Consumption Is Associated with Metabolic Syndrome in Iranian Adults: Tehran Lipid and Glucose
Study. Endocrinol. Metab. (Seoul, Korea) 30, 334-42 (2015).

205. Setayeshgar, S., Whiting, S. ]. & Vatanparast, H. Metabolic syndrome in canadian adults
and adolescents: prevalence and associated dietary intake. ISRN Obes. 2012, 816846 (2012).
206. Denova-Gutiérrez, E. Talavera, ]J. O. Huitréon-Bravo, G. Méndez-Hernandez, P. &
Salmerdn, ]J. Sweetened beverage consumption and increased risk of metabolic syndrome in
Mexican adults. Public Health Nutr. 13, 835-42 (2010).

207.  Chung, S. et al. Soft drink consumption is positively associated with metabolic syndrome
risk factors only in Korean women: Data from the 2007-2011 Korea National Health and Nutrition
Examination Survey. Metabolism. 64, 1477-84 (2015).

208.  Barrio-Lopez, M. T. et al. Prospective study of changes in sugar-sweetened beverage
consumption and the incidence of the metabolic syndrome and its components: the SUN cohort.
Br.J. Nutr. 110, 1722-31 (2013).

209.  Nettleton, J. A. et al. Diet soda intake and risk of incident metabolic syndrome and type 2
diabetes in the Multi-Ethnic Study of Atherosclerosis (MESA). Diabetes Care 32, 688-94 (2009).
210. Lutsey, P. L., Steffen, L. M. & Stevens, ]. Dietary intake and the development of the
metabolic syndrome: the Atherosclerosis Risk in Communities study. Circulation 117, 754-61
(2008).

211.  Dhingra, R. et al Soft drink consumption and risk of developing cardiometabolic risk
factors and the metabolic syndrome in middle-aged adults in the community. Circulation 116,

480-8 (2007).

-236-



UNIVERSITAT ROVIRA I VIRGILIT
ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH
Cintia Sofia Ferreira Pé&go

References

212.  Malik, V. S. et al. Sugar-Sweetened Beverages and Risk of Metabolic Syndrome and Type
2 Diabetes: A meta-analysis. Diabetes Care 33,2477-2483 (2010).

213. Whiting, D. R,, Guariguata, L., Weil, C. & Shaw, ]. IDF diabetes atlas: global estimates of the
prevalence of diabetes for 2011 and 2030. Diabetes Res. Clin. Pract. 94, 311-21 (2011).

214.  Guariguata, L. By the numbers: new estimates from the IDF Diabetes Atlas Update for
2012. Diabetes Res. Clin. Pract. 98, 524-5 (2012).

215. Wang, M,, Yu, M,, Fang, L. & Hu, R.-Y. Association between sugar-sweetened beverages
and type 2 diabetes: A meta-analysis. J. Diabetes Investig. 6, 360-6 (2015).

216. Imamura, F. et al. Consumption of sugar sweetened beverages, artificially sweetened
beverages, and fruit juice and incidence of type 2 diabetes: systematic review, meta-analysis, and
estimation of population attributable fraction. Br. J. Sports Med. 50, 496-504 (2016).

217.  Schulze, M. B. et al. Glycemic index, glycemic load, and dietary fiber intake and incidence
of type 2 diabetes in younger and middle-aged women. Am. J. Clin. Nutr. 80, 348-56 (2004).

218.  Liu,S.etal Relation between a diet with a high glycemic load and plasma concentrations
of high-sensitivity C-reactive protein in middle-aged women. Am. J. Clin. Nutr. 75, 492-8 (2002).
219. Pradhan, A. D.,, Manson, . E,, Rifai, N.,, Buring, ]. E. & Ridker, P. M. C-reactive protein,
interleukin 6, and risk of developing type 2 diabetes mellitus. JAMA 286, 327-34 (2001).

220. James, P. A. et al 2014 evidence-based guideline for the management of high blood
pressure in adults: report from the panel members appointed to the Eighth Joint National
Committee (JNC 8). JAMA 311, 507-20 (2014).

221.  Lim,S.S. etal A comparative risk assessment of burden of disease and injury attributable
to 67 risk factors and risk factor clusters in 21 regions, 1990-2010: a systematic analysis for the
Global Burden of Disease Study 2010. Lancet (London, England) 380, 2224-60 (2012).

222.  Writing Group Members et al. Heart Disease and Stroke Statistics-2016 Update: A Report
From the American Heart Association. Circulation 133, e38-60 (2016).

223.  Kearney, P. M. et al. Global burden of hypertension: analysis of worldwide data. Lancet
(London, England) 365, 217-23

224. Chobanian, A. V et al. The Seventh Report of the Joint National Committee on Prevention,

Detection, Evaluation, and Treatment of High Blood Pressure: the JNC 7 report. JAMA 289, 2560-

-237 -



UNIVERSITAT ROVIRA I VIRGILIT
ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH
Cintia Sofia Ferreira Pé&go

References

72 (2003).

225.  Hu, F.B. Resolved: there is sufficient scientific evidence that decreasing sugar-sweetened
beverage consumption will reduce the prevalence of obesity and obesity-related diseases. Obes.
Rev. 14, 606-19 (2013).

226.  Jayalath, V. H. et al. Sugar-sweetened beverage consumption and incident hypertension:
a systematic review and meta-analysis of prospective cohorts. Am. J. Clin. Nutr. 102, 914-21
(2015).

227.  Cheungpasitporn, W. et al. Sugar and artificially sweetened soda consumption linked to
hypertension: a systematic review and meta-analysis. Clin. Exp. Hypertens. 37, 587-93 (2015).
228. Xi, B. et al. Sugar-sweetened beverages and risk of hypertension and CVD: a dose-
response meta-analysis. Br. J. Nutr. 113, 709-17 (2015).

229. Kim, Y. & Je, Y. Prospective association of sugar-sweetened and artificially sweetened
beverage intake with risk of hypertension. Arch. Cardiovasc. Dis. 109, 242-53 (2016).

230. Johnson, R.].,, Sanchez-Lozada, L. G. & Nakagawa, T. The effect of fructose on renal biology
and disease. J. Am. Soc. Nephrol. 21, 2036-9 (2010).

231. Huang, C., Huang, ], Tian, Y., Yang, X. & Gu, D. Sugar sweetened beverages consumption
and risk of coronary heart disease: a meta-analysis of prospective studies. Atherosclerosis 234,
11-6 (2014).

232.  Cheungpasitporn, W. et al. Associations of sugar-sweetened and artificially sweetened
soda with chronic kidney disease: a systematic review and meta-analysis. Nephrology (Carlton).
19, 791-7 (2014).

233.  Jha, V. et al Chronic kidney disease: global dimension and perspectives. Lancet (London,
England) 382, 260-72 (2013).

234.  Hernandez-Cordero, S. et al. Substituting water for sugar-sweetened beverages reduces
circulating triglycerides and the prevalence of metabolic syndrome in obese but not in overweight
Mexican women in a randomized controlled trial. J. Nutr. 144, 1742-52 (2014).

235. Pereira, M. A. Diet beverages and the risk of obesity, diabetes, and cardiovascular disease:
areview of the evidence. Nutr. Rev. 71, 433-40 (2013).

236.  Swithers, S. E. Artificial sweeteners produce the counterintuitive effect of inducing

-238-



UNIVERSITAT ROVIRA I VIRGILIT
ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH
Cintia Sofia Ferreira Pé&go

References

metabolic derangements. Trends Endocrinol. Metab. 24, 431-41 (2013).

237. Kuk, J. L., Saunders, T. ], Davidson, L. E. & Ross, R. Age-related changes in total and
regional fat distribution. Ageing Res. Rev. 8, 339-48 (2009).

238. Chang, S.-H., Beason, T. S., Hunleth, ]. M. & Colditz, G. A. A systematic review of body fat
distribution and mortality in older people. Maturitas 72, 175-91 (2012).

239. Oliveros, E., Somers, V. K., Sochor, 0., Goel, K. & Lopez-Jimenez, F. The concept of normal
weight obesity. Prog. Cardiovasc. Dis. 56, 426-33

240. Fowler, S. P. G, Williams, K. & Hazuda, H. P. Diet soda intake is associated with long-term
increases in waist circumference in a biethnic cohort of older adults: the San Antonio Longitudinal
Study of Aging. J. Am. Geriatr. Soc. 63, 708-15 (2015).

241.  Greenwood, D. C. et al. Association between sugar-sweetened and artificially sweetened
soft drinks and type 2 diabetes: systematic review and dose-response meta-analysis of
prospective studies. Br. J. Nutr. 112, 725-34 (2014).

242.  Gardner, C. et al. Nonnutritive sweeteners: current use and health perspectives: a
scientific statement from the American Heart Association and the American Diabetes Association.
Circulation 126, 509-19 (2012).

243. Malik, V. S., Popkin, B. M., Bray, G. A., Després, ].-P. & Hu, F. B. Sugar-sweetened beverages,
obesity, type 2 diabetes mellitus, and cardiovascular disease risk. Circulation 121, 1356-64
(2010).

244. Nutrition, C. for F. S. and A. Food Additives &amp; Ingredients - Additional Information
about High-Intensity Sweeteners Permitted for use in Food in the United States. Available at:
http://www.fda.gov/Food/IngredientsPackagingLabeling/FoodAdditivesIngredients/ucm3977

25.htm. (Accessed: 23rd June 2016)

245. Sylvetsky, A., Rother, K. I. & Brown, R. Artificial sweetener use among children:
epidemiology, recommendations, metabolic outcomes, and future directions. Pediatr. Clin. North
Am. 58, 1467-80, xi (2011).

246.  Peters, ]. C. et al. The effects of water and non-nutritive sweetened beverages on weight
loss during a 12-week weight loss treatment program. Obesity (Silver Spring). 22, 1415-21
(2014).

-239-



UNIVERSITAT ROVIRA I VIRGILIT
ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH
Cintia Sofia Ferreira Pé&go

References

247.  Fowler, S. P. et al. Fueling the obesity epidemic? Artificially sweetened beverage use and
long-term weight gain. Obesity (Silver Spring). 16, 1894-900 (2008).

248.  Figas, H. Low-Calorie Sweetened Beverage Consumption and Impact on Weight: A
Systematic Review. (The Ohio State University, 2016).

249, Pepino, M. Y. Metabolic effects of non-nutritive sweeteners. Physiol. Behav. 152, 450-5
(2015).

250. Roberts, J. R. The paradox of artificial sweeteners in managing obesity. Curr.
Gastroenterol. Rep. 17,423 (2015).

251. Denny, A. & Buttriss, ]. Synthesis Report No 4: Plant Foods and Health: Focus on Plant
Bioactives. (2005).

252. Slavin, ]. L. & Lloyd, B. Health benefits of fruits and vegetables. Adv. Nutr. 3, 506-16
(2012).

253.  Hyson, D. A. Areview and critical analysis of the scientific literature related to 100% fruit
juice and human health. Adv. Nutr. 6, 37-51 (2015).

254. Dennison, B. A., Rockwell, H. L. & Baker, S. L. Excess fruit juice consumption by preschool-
aged children is associated with short stature and obesity. Pediatrics 99, 15-22 (1997).

255. Faith, M. S., Dennison, B. A,, Edmunds, L. S. & Stratton, H. H. Fruit juice intake predicts
increased adiposity gain in children from low-income families: weight status-by-environment
interaction. Pediatrics 118, 2066-75 (2006).

256. Nicklas, T. A., O’Neil, C. E. & Kleinman, R. Association between 100% juice consumption
and nutrient intake and weight of children aged 2 to 11 years. Arch. Pediatr. Adolesc. Med. 162,
557-65 (2008).

257. O'Neil, C. E, Nicklas, T. A, Rampersaud, G. C. & Fulgoni, V. L. 100% orange juice
consumption is associated with better diet quality, improved nutrient adequacy, decreased risk
for obesity, and improved biomarkers of health in adults: National Health and Nutrition
Examination Survey, 2003-2006. Nutr. J. 11, 107 (2012).

258. Hollis, J. H., Houchins, J. A, Blumberg, ]. B. & Mattes, R. D. Effects of concord grape juice on
appetite, diet, body weight, lipid profile, and antioxidant status of adults. . Am. Coll. Nutr. 28, 574~
82 (2009).

- 240 -



UNIVERSITAT ROVIRA I VIRGILIT
ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH
Cintia Sofia Ferreira Pé&go

References

259, Fujioka, K., Greenway, F., Sheard, ]. & Ying, Y. The effects of grapefruit on weight and
insulin resistance: relationship to the metabolic syndrome. J. Med. Food 9, 49-54 (2006).

260.  Xi, B. et al. Intake of fruit juice and incidence of type 2 diabetes: a systematic review and
meta-analysis. PLoS One 9, 93471 (2014).

261. Jaganathan, S. K., Vellayappan, M. V., Narasimhan, G. & Supriyanto, E. Role of pomegranate
and citrus fruit juices in colon cancer prevention. World J. Gastroenterol. 20, 4618-25 (2014).
262. Lorenzo, C., Williams, K., Hunt, K. ]. & Haffner, S. M. The National Cholesterol Education
Program - Adult Treatment Panel III, International Diabetes Federation, and World Health
Organization definitions of the metabolic syndrome as predictors of incident cardiovascular
disease and diabetes. Diabetes Care 30, 8-13 (2007).

263. Mattei, J., Malik, V., Hu, F. B. & Campos, H. Substituting homemade fruit juice for sugar-
sweetened beverages is associated with lower odds of metabolic syndrome among Hispanic
adults. J. Nutr. 142,1081-7 (2012).

264.  Liu, R. H. Health benefits of fruit and vegetables are from additive and synergistic
combinations of phytochemicals. Am. J. Clin. Nutr. 78, 517S5-520S (2003).

265. Lamport, D. ]., Saunders, C., Butler, L. T. & Spencer, ]. P. Fruits, vegetables, 100% juices,
and cognitive function. Nutr. Rev. 72, 774-89 (2014).

266. Tonin, F. S,, Steimbach, L. M., Wiens, A, Perlin, C. M. & Pontarolo, R. Impact of Natural Juice
Consumption on Plasma Antioxidant Status: A Systematic Review and Meta-Analysis. Molecules
20, 22146-56 (2015).

267. Sayon-Orea, C., Martinez-Gonzalez, M. A. & Bes-Rastrollo, M. Alcohol consumption and
body weight: a systematic review. Nutr. Rev. 69, 419-31 (2011).

268. Breslow, R. A,, Faden, V. B. & Smothers, B. Alcohol consumption by elderly Americans. J.
Stud. Alcohol 64, 884-92 (2003).

269. Moos, R. H,, Schutte, K. K,, Brennan, P. L. & Moos, B. S. Older adults’ alcohol consumption
and late-life drinking problems: a 20-year perspective. Addiction 104, 1293-302 (2009).

270. James, W. & Ralph, A. in Human Nutrition and Dietetics 121-36 (Churchill Livingstone,
2001).

271.  Yeomans, M. Short term effects of alcohol on appetite in humans. Effects of context and

-241-



UNIVERSITAT ROVIRA I VIRGILIT
ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH
Cintia Sofia Ferreira Pé&go

References

restrained eating. Apppetite 55, 565-73 (2010).

272.  Yeomans, M. R. Effects of alcohol on food and energy intake in human subjects: evidence
for passive and active over-consumption of energy. Br. J. Nutr. 92 Suppl 1, S31-4 (2004).

273. Yeomans, M. Alcohol, appetite and energy balance: is alcohol intake a risk factor for
obesity? Physiol Behav 100, 82-9 (2010).

274. Li, X.-H., Yu, F.-F,, Zhou, Y.-H. & He, ]. Association between alcohol consumption and the
risk of incident type 2 diabetes: a systematic review and dose-response meta-analysis. Am. J. Clin.
Nutr. 103, 818-29 (2016).

275. Vancampfort, D. et al. The Prevalence of Metabolic Syndrome in Alcohol Use Disorders: A
Systematic Review and Meta-analysis. Alcohol Alcohol (2016). doi:10.1093 /alcalc/agw040

276. Yoo, S. et al. Comparison of dietary intakes associated with metabolic syndrome risk
factors in young adults: the Bogalusa Heart Study. Am. J. Clin. Nutr. 80, 841-8 (2004).

277.  Criqui, M. H. & Ringel, B. L. Does diet or alcohol explain the French paradox? Lancet
(London, England) 344, 1719-23

278. Rimm, E. B., Williams, P., Fosher, K., Criqui, M. & Stampfer, M. ]. Moderate alcohol intake
and lower risk of coronary heart disease: meta-analysis of effects on lipids and haemostatic
factors. BMJ 319, 1523-8 (1999).

279.  Laramée, P. et al. Risk of All-Cause Mortality in Alcohol-Dependent Individuals: A
Systematic Literature Review and Meta-Analysis. EBioMedicine 2, 1394-404 (2015).

280. DerSimonian, R. & Laird, N. Meta-analysis in clinical trials. Control Clin Trials 7, 177-88
(1986).

281.  Cornell, ]. E. et al. Random-effects meta-analysis of inconsistent effects: a time for change.
Ann. Intern. Med. 160, 267-70 (2014).

282. Mostofsky, E., Chahal, H. S., Mukamal, K. ], Rimm, E. B. & Mittleman, M. A. Alcohol and
Immediate Risk of Cardiovascular Events: A Systematic Review and Dose-Response Meta-
Analysis. Circulation 133, 979-87 (2016).

283. Longnecker, M. P., Orza, M. ]., Adams, M. E., Vioque, ]. & Chalmers, T. C. A meta-analysis of
alcoholic beverage consumption in relation to risk of colorectal cancer. Cancer Causes Control 1,

59-68 (1990).

-242 -



UNIVERSITAT ROVIRA I VIRGILIT
ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH
Cintia Sofia Ferreira Pé&go

References

284. Bagnardji, V., Blangiardo, M., La Vecchia, C. & Corrao, G. Alcohol consumption and the risk
of cancer: a meta-analysis. Alcohol Res. Health 25, 263-70 (2001).

285.  Fang, X. et al. Landscape of dietary factors associated with risk of gastric cancer: A
systematic review and dose-response meta-analysis of prospective cohort studies. Eur J Cancer
51, 2820-32 (2015).

286. Praud, D. et al. Cancer incidence and mortality attributable to alcohol consumption. Int. J.
cancer 138, 1380-7 (2016).

287. Lankisch, P., Apte, M. & Banks, P. Acute pancreatitis. Lancet 386, 85-96 (2015).

288. Samokhvalov, A., Rehm, ]J. & Roerecke, M. Alcohol Consumption as a Risk Factor for Acute
and Chronic Pancreatitis: A Systematic Review and a Series of Meta-analyses. EBioMedicine 2,
1996-2002 (2015).

289. Wirdefeldt, K., Adami, H.-O., Cole, P., Trichopoulos, D. & Mandel, J. Epidemiology and
etiology of Parkinson’s disease: a review of the evidence. Eur. J. Epidemiol. 26 Suppl 1, S1-58
(2011).

290. Zhang, D., Jiang, H. & Xie, . Alcohol intake and risk of Parkinson’s disease: a meta-analysis
of observational studies. Mov. Disord. 29, 819-22 (2014).

291. Taneri, P. E. et al. Association of alcohol consumption with the onset of natural
menopause: a systematic review and meta-analysis. Hum. Reprod. Update 22, 516-28 (2016).
292. Steffl, M., Bohannon, R. W,, Petr, M., Kohlikova, E. & Holmerova, I. Alcohol consumption as
arisk factor for sarcopenia - a meta-analysis. BMC Geriatr. 16,99 (2016).

293.  Foster, R. K. & Marriott, H. E. Alcohol consumption in the new millennium - weighing up
the risks and benefits for our health. Br. Nutr. Found. Nutr. Bull. 31, 286-331 (2006).

294. Coutinho, E. S. F. et al. Cost of diseases related to alcohol consumption in the Brazilian
Unified Health System. Rev. satide publica 50, (2016).

295.  Nigg, C. R. et al Stages of change across ten health risk behaviors for older adults.
Gerontologist 39, 473-82 (1999).

296. Schroder, H. et al. A short screener is valid for assessing Mediterranean diet adherence
among older Spanish men and women. J. Nutr. 141, 1140-5 (2011).

297.  Estruch, R. et al Primary prevention of cardiovascular disease with a Mediterranean diet.

-243 -



UNIVERSITAT ROVIRA I VIRGILIT
ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH
Cintia Sofia Ferreira Pé&go

References

N. Engl. ]. Med. 368, 1279-90 (2013).

298.  Fernandez-Ballart, ]J. D. et al. Relative validity of a semi-quantitative food-frequency
questionnaire in an elderly Mediterranean population of Spain. Br. J. Nutr. 103, 1808-16 (2010).
299.  Moreiras, 0. & Cabrera, L. Tablas de composicion de alimentso [Food composition tables].
(Ediciones Piramide, 2005).

300. Mataix, V. Tabla de composicién de alimentos [Food composition tabl]. (Universidad de
Granada, 2003).

301. Elosua, R.,, Marrugat, J., Molina, L., Pons, S. & Pujol, E. Validation of the Minnesota Leisure
Time Physical Activity Questionnaire in Spanish men. The MARATHOM Investigators. Am. J.
Epidemiol. 139,1197-209 (1994).

302.  United States Department of Agriculture. USDA online database. Available at:
https://ndb.nal.usda.gov/.

303.  The Market Research Society. Occupation Groupings: A Job Dictionary. (2006).

304. Dinning, A., Van Staveren, M. & Wicken, G. Global Socio-economic levels: development of
a global non-occupational system. Int. . Mark. Res. 47,597-614 (2005).

305. Farran, A, Zamora, R. & Cervera, P. Tablas de composicién de alimentos del CESNID.
(Universitat de Barcelona, 2004).

306.  United States Department of Agriculture (USDA) and Agricultural Research Service.
National Nutrient Database for standard reference release. (2014).

307.  World Health Organization. Diet, nutrition and the prevention of chronic diseases. WHO
Technical Report Series 916, (2003).

308.  World Health Organization. Guideline: Sugars Intake for Adults and Children. (2015).

309. Food and Agriculture Organisation (FAO) of the United Nations. Food Balance Sheets.
(2014).

310. Institute of Medicine Food and Nutrition Board. Dietary reference intakes for energy,
carbohydrate, fiber, fat, fatty acids, cholesterol, protein and amino acids. THE NATIONAL
ACADEMIES PRESS (The National Academies Press, 2002).

311. World Health Organization. Human energy requirements: report of a joint

FAO/WHO/UNU Expert Consultation, Rome 17-24 October 2001. Food Agric. Organ. United

244 -



UNIVERSITAT ROVIRA I VIRGILIT
ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH
Cintia Sofia Ferreira Pé&go

References

Nations, Rome (2004).

312.  Executive Summary of The Third Report of The National Cholesterol Education Program
(NCEP) Expert Panel on Detection, Evaluation, And Treatment of High Blood Cholesterol In Adults
(Adult Treatment Panel IIT). JAMA 285, 2486-97 (2001).

313. Martinez-Gonzalez, M. A. et al. Mediterranean diet and reduction in the risk of a first acute
myocardial infarction: an operational healthy dietary score. Eur. J. Nutr. 41, 153-60 (2002).

314. Martinez-Gonzalez, M. A., Fernandez-Jarne, E., Serrano-Martinez, M., Wright, M. & Gomez-
Gracia, E. Development of a short dietary intake questionnaire for the quantitative estimation of
adherence to a cardioprotective Mediterranean diet. Eur. J. Clin. Nutr. 58, 1550-2 (2004).

315. Friedewald, W. T., Levy, R. . & Fredrickson, D. S. Estimation of the concentration of low-
density lipoprotein cholesterol in plasma, without use of the preparative ultracentrifuge. Clin.
Chem. 18, 499-502 (1972).

316. Odegaard, A. O., Koh, W.-P,, Yuan, ].-M. & Pereira, M. A. Beverage habits and mortality in
Chinese adults. J. Nutr. 145, 595-604 (2015).

317.  Rippe,]. M. The Metabolicand Endocrine Response and Health Implications of Consuming
Sugar-Sweetened Beverages : Findings From Recent Randomized Controlled Trials 1 - 3. 677-
686 (2013). d0i:10.3945/an.113.004580.has

318. Nissensohn, M., Ruano, C. & Serra-Majem, L. Validation of beverage intake methods vs.
hydration biomarker; a short review. Nutr Hosp 28, 1815-1819 (2013).

319. Saetun, P., Semangoen, T. & Thongboonkerd, V. Characterizations of urinary sediments
precipitated after freezing and their effects on urinary protein and chemical analyses. Am. J.
Physiol. Renal Physiol. 296, F1346-54 (2009).

320. Cheuvront, S. N., Ely, B. R, Kenefick, R. W. & Sawka, M. N. Biological variation and
diagnostic accuracy of dehydration assessment markers. Am. J. Clin. Nutr. 92, 565-73 (2010).
321.  Sparks, S. A. & Close, G. L. Validity of a portable urine refractometer: the effects of sample
freezing. J. Sports Sci. 31, 745-9 (2013).

322. Remer, T., Montenegro-Bethancourt, G. & Shi, L. Long-term urine biobanking: Storage
stability of clinical chemical parameters under moderate freezing conditions without use of

preservatives. Clin. Biochem. 47,307-11 (2014).

-245 -



UNIVERSITAT ROVIRA I VIRGILIT
ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH
Cintia Sofia Ferreira Pé&go

References

323.  Le Bellego, L. et al. Understanding Fluid Consumption Patterns to Improve Healthy
Hydration. Nutr. Today 45, S22-S26 (2010).

324.  Bellisle, F. et al. A study of fluid intake from beverages in a sample of healthy French
children, adolescents and adults. Eur. J. Clin. Nutr. 64, 350-5 (2010).

325. Muckelbauer, R. et al. Promotion and provision of drinking water in schools for
overweight prevention: randomized, controlled cluster trial. Pediatrics 123, e661-e667 (2009).
326. Ma, G. et al. Fluid intake of adults in four Chinese cities. Nutr. Rev. 70, S105-5S110 (2012).
327.  Garriguet, D. Beverage consumption of Canadian adults. Heal. Rep 19, 23-29 (2008).
328.  Duffey, K.]. & Popkin, B. M. Adults with healthier dietary patterns have healthier beverage
patterns. J. Nutr. 136, 2901-2907 (2006).

329. Nishi, N., Yoshimura, E. & Ishikawa-Takata, K. Relationship of Living Conditions With
Dietary Patterns Among Survivors of the Great East Japan Earthquake. J. Epidemiol. 23, 376
(2013).

330. Ciprian, D. et al. Mediterranean and Western dietary patterns in adult population of a
Mediterranean area; a cluster analysis. Nutr Hosp 28, 1741-9 (2013).

331. Gomez-miranda, L. M., Jiménez-Cruz, A. & Bacardi-Gascon, M. Estudios aleatorizados
sobre el efecto del consumo de bebidas azucaradas sobre la adiposidad en adolescentes y adultos ;
revision sistematica. Nutr. Hosp. 28, 1792-1796 (2013).

332. Eyzaguirre Maraver, F., Salas-Salvadé, ]., Francisco, A. L. M. De & Castelao, A. M. Estudio
Bahia 2008: barémetro de la hidratacién de la poblacién espafiola. Organo Of. la Soc. Espafiola
Nefrol. 30,220-226 (2010).

333. 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 13,1068 (2013).

334. Zizza, C. A, Ellison, K. ]. & Wernette, C. M. Total water intakes of community-living middle-
old and oldest-old adults. Journals Gerontol. Ser. A Biol. Sci. Med. Sci. 64, 481-486 (2009).

335. Di Stefano S. Malservisi, A. Strocchi, GR Corazza, M, G. V. Lactose malabsorption and
intolerance in the elderly. Scand. J. Gastroenterol. 36, 1274-1278 (2001).

336.  Almeida, |. A. et al. Lactose malabsorption in the elderly: role of small intestinal bacterial

- 246 -



UNIVERSITAT ROVIRA I VIRGILIT
ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH
Cintia Sofia Ferreira Pé&go

References

overgrowth. Scand. J. Gastroenterol. 43, 146-154 (2008).

337.  Sanchez-Villegas, A. et al. Association between dietary and beverage consumption
patterns in the SUN (Seguimiento Universidad de Navarra) cohort study. Public Health Nutr. 12,
351-8(2009).

338. Ledn-Muiioz, L. M. et al Is a specific drinking pattern a consistent feature of the
Mediterranean diet in Spain in the XXI century? Nutr. Metab. Cardiovasc. Dis. 24, 1074-81 (2014).
339. Latzka, W. A. & Montain, S. ]. Water and electrolyte requirements for exercise. Clin. Sports
Med. 18, 513-524 (1999).

340. Zazpe, L., Sdnchez-Tainta, A., Toledo, E., Sanchez-Villegas, A. & Martinez-Gonzalez, M. A.
Dietary Patterns and Total Mortality in a Mediterranean Cohort: The SUN Project. J. Acad. Nutr.
Diet. 114, 37-47 (2013).

341.  Strippoli, G. F. M. et al. Fluid and nutrient intake and risk of chronic kidney disease.
Nephrology (Carlton). 16, 326-34 (2011).

342. Malik, V. S., Schulze, M. B. & Hu, F. B. Intake of sugar-sweetened beverages and weight
gain: a systematic review. Am. J. Clin. Nutr. 84, 274-88 (2006).

343.  Schulze, M. B. et al. Sugar-sweetened beverages, weight gain, and incidence of type 2
diabetes in young and middle-aged women. JAMA 292, 927-34 (2004).

344.  Bray, G. A. How bad is fructose? Am. J. Clin. Nutr. 86, 895-6 (2007).

345. Hgstmark, A. T. & Tomten, S. E. Cola intake and serum lipids in the Oslo Health Study.
Appl. Physiol. Nutr. Metab. 34, 901-6 (2009).

346. Frost, G. et al. Glycaemic index as a determinant of serum HDL-cholesterol concentration.
Lancet (London, England) 353, 1045-8 (1999).

347.  Bray, G. A, Nielsen, S. ]. & Popkin, B. M. Consumption of high-fructose corn syrup in
beverages may play a role in the epidemic of obesity. Am. J. Clin. Nutr. 79, 537-43 (2004).

348. Elliott, S. S., Keim, N. L., Stern, J. S., Teff, K. & Havel, P. ]. Fructose, weight gain, and the
insulin resistance syndrome. Am. J. Clin. Nutr. 76,911-22 (2002).

349.  Ghanim, H. et al. Orange juice neutralizes the proinflammatory effect of a high-fat, high-
carbohydrate meal and prevents endotoxin increase and Toll-like receptor expression. Am. J. Clin.

Nutr. 91, 940-9 (2010).

- 247 -



UNIVERSITAT ROVIRA I VIRGILIT
ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH
Cintia Sofia Ferreira Pé&go

References

350. Pereira, M. A. et al. Fast-food habits, weight gain, and insulin resistance (the CARDIA
study): 15-year prospective analysis. Lancet (London, England) 365, 36-42 (2005).

351. Hu, F. B. Television Watching and Other Sedentary Behaviors in Relation to Risk of
Obesity and Type 2 Diabetes Mellitus in Women. JAMA 289, 1785 (2003).

352. Cassady, B. A, Considine, R. V & Mattes, R. D. Beverage consumption, appetite, and energy
intake: what did you expect? Am. J. Clin. Nutr. 95, 587-93 (2012).

353.  Suez ]. et al Artificial sweeteners induce glucose intolerance by altering the gut
microbiota. Nature 514, 181-6 (2014).

354.  Henao-Mejia, ]. et al. Inflammasome-mediated dysbiosis regulates progression of NAFLD
and obesity. Nature 482, 179-85 (2012).

355. Ip, S., Chung, M., Raman, G., Trikalinos, T. A. & Lau, ]. A summary of the Agency for
Healthcare Research and Quality’s evidence report on breastfeeding in developed countries.
Breastfeed. Med. 4 Suppl 1, S17-30 (2009).

356. Malik, V. S. et al. Sugar-Sweetened Beverages and Risk of Metabolic Syndrome and Type
2 Diabetes: A meta-analysis. Diabetes Care 33, 2477-2483 (2010).

357.  Brownell, K. D. et al. The public health and economic benefits of taxing sugar-sweetened
beverages. N. Engl. ]. Med. 361, 1599-605 (2009).

358.  Hruby, A. et al. Determinants and Consequences of Obesity. Am. J. Public Health el-e7
(2016). doi:10.2105/AJPH.2016.303326

359.  Guess, N. et al. The effect of dietary changes on distinct components of the metabolic

syndrome in a young Sri Lankan population at high risk of CVD. Br. J. Nutr. 116, 719-27 (2016).

- 248 -



UNIVERSITAT ROVIRA I VIRGILI
ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH
Cintia Sofia Ferreira Pé&go

10. APPENDICES



UNIVERSITAT ROVIRA I VIRGILIT
ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH
Cintia Sofia Ferreira Pé&go



UNIVERSITAT ROVIRA I VIRGILIT
ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH
Cintia Sofia Ferreira Pé&go

Appendix 1. Physical activity questionnaire
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.

V')

CUESTIONARIO DE ACTIVIDAD FIiSICA EN EL
TIEMPO LIBRE DE MINNESOTA

A continuacién encontrard un cuadro con un listado de actividades fisicas y unas columnas con periodos de tiempo de realizacién
de las mismas (semana y afo). Cada columna esta dividida en dias y minutos.

1. Leer atentamente cada actividad una a una y cuando se encuentre una que se haya realizado durante la ultima semana, con
nudmeros claros y sin salirse del recuadro, se rellenan las casillas correspondientes a los dias y minutos.

2. Seguidamente se repite la misma accién para actividades realizadas el dltimo afio.

Para asegurar la uniformidad de la informacion recogida consideramos que:

- cada piso de escaleras = 1/2 min.

- una vuelta en esqui acuatico = 5 min.

- un set de tennis individual = 20 min.

- un set de tenis dobles = 15 min.

- golf 9 hoyos = 90 min.

Ejemplo:

Una persona que:

- durante la dltima semana ha ido a caminar media hora cada dia menos el fin de semana, tiene que anotar un 5 en la columna de
dias de practica a la semana y 30 en minutos/dia de practica. Si durante el ultimo afio también ha ido a caminar pero durante 2
meses en el verano no ha hecho esta actividad, tendra que anotar 200 en la columna de dias de practica al afio y 30 en minutos /
dia de practica.

- durante la ultima semana ha subido 2 veces al dia 2 pisos por la escalera, tiene que anotar un 7 en la columna de dias de practica
ala semana y 2 a minutos/ dia de practica. Si esta actividad la repite todo el afio, tendra que anotar 365 en la columna dias de
practica al afio y 2 en minutos / dia de practica.

_ SEMANA ANO
ACTIVIDADES FISICAS
Dias de practica Minutos/dia Dias de practica Minutos/dia
ANDAR/BAILAR/SUBIR ESCALERAS
1. Pasear 5 [T3]o] [2]0] 0] [T3]o]
2. Andar de casa/ trabajo o trabajo/casa 7 | ‘ | 2 ‘ | ‘ | | | | | 2 |
SEMANA ARNO

ACTIVIDADES FISICAS

Dias de practica Minutos/dia Dias de practica Minutos/dia

ANDAR/BAILAR/SUBIR ESCALERAS

1. Pasear

2. Andar de casa/ trabajo o trabajo/casa

3. Andar (carrito compras)

4. Andar (bolsas compras)

5. Subir escaleras

6. Andar campo a través

7. Excursiones con mochila

8. Escalar montafas

HEEEEN

9. Ir en bicicleta al trabajo

10. Bailar

11. Aerdbic o ballet

12. Jugar con los nifios

L OO

e 2] [ [ [ [ [ ] [

Estudio

Nodo-Paciente Visita Fecha
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V) 2

ACTIVIDADES FiSICAS SEMANA ANO
Dias de practica Minutos/dia Dias de practica Minutos/dia

EJERCICIOS DE MANTENIMIENTO GENERAL

13. Hacer ejercicio en casa

14. Hacer ejercicio en un GYM

15. Caminar deprisa

16. Trotar (jogging)

17. Correr 8-11 km /h

18. Correr 12-16 km/h

19. Levantar pesas

ACTIVIDADES ACUATICAS

20. Esqui acudtico

21. Surf

22. Navegar a vela

23. Ir en canoa o remar por distraccién

24.Ir en canoa o remar por competicién

25. Hacer un viaje en canoa

26. Nadar

27. Nadar en el mar

28. Bucear

DEPORTES DE INVIERNO

29. Esquiar

30. Esqui de fondo

31. Patinar (ruedas o hielo)

OTRAS ACTIVIDADES

32. Montar a caballo

33. Jugar a los bolos

34. Balonvolea

35. Tenis de mesa

36. Tenis individual

37. Tenis dobles

38. Badminton

39. Baloncesto (sin jugar partido)

40. Baloncesto (jugando partido)

41. Baloncesto (actuando de arbitro)

42. Squash

43. Futbol

44. Golf (llevando carrito)

45. Golf (andando y llevando palos)

46. Balonmano

47. Petanca

48. Artes marciales

49. Motociclismo

50. Ciclismo de carretera o montafa

el [T [ [ T 1 1]

Estudio Nodo-Paciente Visita Fecha
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ACTIVIDADES FiSICAS

ACTIVIDADES EN EL JARDIN

V)

SEMANA

ANO

Dias de practica

Minutos/dia

Dias de practica

Minutos/dia

51.

Cortar el césped con maquina

52.

Cortar el césped manualmente

53.

Limpiar y arreglar el jardin

54.

Cavar el huerto

55.

Quitar nieve con pala

TRABAJOS Y ACTIVIDADES CASERAS

56. Trabajos de carpinteria dentro de casa

57.

Trabajos de carpinteria (exterior)

58.

Pintar dentro de casa

59.

Pintar fuera de casa

60.

Limpiar la casa

61.

Mover muebles

CAZA Y PESCA

62.

Tiro con pistola

63.

Tiro con arco

64.

Pescar en la orilla del mar

65.

Pescar con botas altas dentro del rio

66.

Caza menor

67.

Caza mayor (ciervos...)

OTROS (SIN ESPECIFICAR)

lplz] [ [ |

Estudio Nodo-Paciente

Visita

Fecha
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Appendix 2. 14-items MedDiet adherence

questionnaire
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—

& 2,

CUESTIONARIO DE ADHESION A LA DIETA MEDITERRANEA (14 PUNTOS DE PREDIMED, SOLO GRUPO CONTROL)

-

. ¢Usa usted el aceite de oliva como principal grasa para cocinar?:

2. ;Cudnto aceite de oliva consume en total al dia?: (incluyendo el

usado para freir, comidas fuera de casa, ensaladas, etc.)

3. ;Cudntas raciones de verdura u hortalizas consume al dia?:
(las guarniciones o acomparfamientos= 1/2 racion)1 racion= 200 g.

4. ;Cudntas piezas de fruta (incluyendo zumo natural) consume al

dia?:

5. ¢Cudntas raciones de carnes rojas, hamburguesas, salchichas o

embutidos consume al dia?: (racién= 100 - 150 g.)

6. ;Cudntas raciones de mantequilla, margarina o nata consume al

dia?: (porcidn individual=12 g.)

7. ;Cudntas bebidas carbonatadas y/o azucaradas (refrescos, colas,

ténicas, bitter) consume al dia?:

8. ;Bebe usted vino? ;Cudnto consume a la semana?:

9. ;Cudntas raciones de legumbres consume a la semana?: (1 plato

o racion de 150 g.)

10. ;Cudntas raciones de pescado - mariscos consume a la semana?:

(1 plato, pieza o racién= 100 - 150 g. de pescado o 4 - 5 piezas o

200 g. de marisco)

11. ;Cudntas veces consume reposteria comercial (no casera) como
galletas, flanes, dulces o pasteles a la semana?:

12. ;Cudntas veces consume frutos secos a la semana?: (racién 30 g.)

13. ;Consume usted preferentemente carne de pollo, pavo o conejo
en vez de ternera, cerdo, hamburguesas o salchichas?: (carne de

pollo= 1 pieza o racion de 100 - 150 g.)

14. ;Cudntas veces a la semana consume los vegetales cocinados, la
pasta, arroz u otros platos aderezados con salsa de tomate, ajo,

cebolla o puerro elaborada a fuego lento con aceite de oliva
(sofrito)?:

PUNTUACION TOTAL:

Si= 1 punto
—_—
4 0 mds cucharadas= 1 punto
| N—
2 o mds (al menos una de ellas en
ensalada o crudas)= 1 punto
3 o mds al dia= 1 punto
L 1
Menos de 1 al dia= 1 punto
[
Menos de 1 al dia= 1 punto
—_d
Menos de 1 al dia= 1 punto
| N—
7 0 mds vasos a la semana= 1 punto
3 o mds a la semana= 1 punto
[
3 o mds a la semana= 1 punto
| N—
Menos de 2 a la semana= 1 punto
L
3 o mds a la semana= 1 punto
—
Si= 1 punto
P (-
2 o mds a la semana= 1 punto
—
—1
8538195481

-
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Appendix 3. 17-items MedDiet adherence

questionnaire
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—

2,

A

CUESTIONARIO DE 17 ITEMS DE ADHESION A LA DIETA MEDITERRANEA HIPOCALORICA

(HAY QUE PASARLO A LOS DOS GRUPQS)

1. ¢Usa usted el aceite de oliva virgen extra como principal grasa
para cocinar?:

2. ;Cudntas raciones de verdura u hortalizas consume al dia?:
(las guarniciones o acompariamientos= 1/2 racién)1 racion= 200 g.

3. ;Cudntas piezas de fruta (incluyendo zumo natural) consume al
dia?:

4. ¢;Cudntas raciones de carnes rojas, hamburguesas, salchichas,
Jjamon o embutidos consume a la semana?: (racién= 100 - 150 g.)

5. ;Cudntas raciones de mantequilla, margarina o nata consume a la
semana?: (porcion individual=12 g.)

6. ;Cudntas bebidas azucaradas (refrescos, colas, tonicas, bitter,
zumos de frutas con azucar anadido) consume a la semana?:

7. (Cudntas raciones de legumbres consume a la semana?: (1 plato
o racion de 150 g.)

8. ;Cudantas raciones de pescado o mariscos consume a la semana?:
(1 plato, pieza o racién= 100 - 150 g. de pescado o 4 - 5 piezas o
200 g. de marisco)

9. ¢Cudntas veces consume reposteria tal como galletas, flanes,
dulces o pasteles a la semana?:

10. ;Cudntas veces consume frutos secos a la semana?: (racién 30 g.)

11. ;Consume usted preferentemente carne de pollo, pavo o conejo
en vez de ternera, cerdo, hamburguesas o salchichas?: (carne de
pollo= 1 pieza o racién de 100 - 150 g.)

12. ;Cudntas veces a la semana consume los vegetales cocinados, la
pasta, arroz u otros platos aderezados con salsa de tomate, ajo,
cebolla o puerro elaborada a fuego lento con aceite de oliva
(sofrito)?:

13. ¢;Anade usted azucar a las bebidas (café, té)?:

14. ;Cudntas raciones de pan blanco consume al dia?: (1 racion=75g.)

15. ;Cudntas raciones de cereales y alimentos integrales (pan, arroz,

pasta) consume a la semana?:

16. ;Cudntas raciones de pan, arroz y/o pasta refinados consume a

la semana?:

17. ;Bebe usted vino? ;Cudnto consume a la semana?

PUNTUACION TOTAL:

Si= 1 punto

2 o mas (al menos una de ellas en
ensalada o crudas)= 1 punto

3 o mds al dia= 1 punto

1 0 menos a la semana= 1 punto

Menos de 1 a la semana= 1 punto

Menos de 1 a la semana= 1 punto

3 0 mds a la semana= 1 punto

3 o0 mds a la semana= 1 punto

Menos de 3 a la semana= 1 punto

3 o mds a la semana= 1 punto

Si= 1 punto

2 0 mds a la semana= 1 punto

No/No, utilizo edulcorantes
acaléricos= 1 punto

1 o menos al dia= 1 punto

5 0 mds a la semana= 1 punto

Menos de 3 a la semana= 1 punto

Hombre entre 2 y 3 vasos al dia
v mujer entre 1y 2 vasos al dia=
1 punto

3125195488
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Appendix 4. Spanish beverages intake

assessment questionnaire
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DE INGESTA DE BEBIDAS

_].9?’6 d’-lme dj, e CUESTIONARIO DE VALORACION

Fecha actual

Instrucciones: Nodo Paciente Visita Dia __ Mes _ Afio
Por f:vor indigue su respuesta haciendo referencia al mes | | | | | | | | |
ngaca%a tipo de bebida consumida, marque la casilla con la @ © [(ONONONONC) @ @ (ONOHOROHONO
cantidad de veces al dia o a la semana, y a continuacion el @@ OODOODOD @@ [oNoloNoHoONO)
;‘ncurme?zmpelg.qs\:eugeb:br‘:ée’.bié 2 vasos de vino por semana, @ o @ @@ @@ @@
margue en “veces”, en la columna "a la semana”, la casilla ® e ® @ @ ® @@
que corresponde al intervalo 1-2. Si se trata de una bebida @ @ [ONORONONO! @ @ @ @@ @ [
due consume locos s, pr oo, 8 vasos e 2gla. | @ cooal (@ ® oo
No cuente los liquidos utilizados en la cocina o en otras ® ® ® ® ® ®:® —
preparaciones, como por ejemplo al preparar una salsa o un oo oD @ @ loHONG)
g?ségﬁ::nﬁ'zu café con leche, marquelo en la categoria de ®® ®6e 66 ®® ® ®e o
bebidas "café con leche” y no en las categorias de leche. @ @ @ @ & @ @ @ [©)] @
marqua asf asf no marque
== O N K= FRECUENCIA DE CONSUMO
VECES MOMENTO
TIPO DE BEBIDA ':',“::; A la semana Al dia Antesdel| Conel |Entredes| Conla | Entre | Conla |Después | Durante
nunca 1-2|3-4( 25 |1-3|4-5|6-7| =8 y comida | comida mmy cena |dela cenal la noche
Agua de grifo
1 botellin o 1 vaso: 200 cc -] O(O|10|00)10|0O (& o (@] O (& o O o
Agua embotellada (con gas/sin gas)
1 botellin o 1 vaso: 200 cc ] OO|10|O(0|10|O (=] -] o O O o o o
Zumos naturales de frutas
1 vaso: 200 cc -] O(O|10|0O0)10|O (& -] o O (& -] (@] o
Zumos envasados de frutas
1 vaso: 200 cc o [ollelle] e (o] le]le O o o O O o o o
Zumos vegetales naturales (gazpacho, de
tomate...)
1 vaso: 200 cc -] OO|10|O0)10|0O o -] (&) o o -] (&) o
Zumos [( de
tomate...)
1 vaso: 200 cc o O(O|O|O(O|10|O O o o O O -] o o
Leche entera
1 vaso o taza: 200 cc -] O(O|10|00)10|0O O -] (@] O O -] (@] o
Leche semidesnatada
1 vaso o taza: 200 cc o [ellelle] e (o] le]le O o o O (= -] o o
Leche desnatada
1 vaso o taza: 200 cc -] OO10|00)10|0 O -] O O O -] (@] o
Lacteos bebibles
1 botellin: 100 cc o o) je]le] o] (o] e](e] (=] o o &) (=] o o o
1 botellin o 1 vaso: 200 cc ] OO|O|O(0)|10|O o -] o o (=] -] o o
Batidos lacteos
1 vaso: 200 cc -] OO1O|O0)10|0O (&) -] (&) o (& -] (&) o
Bebidas vegetales (bebida de soja, almendras,
almendrina...)
1 vaso: 200 cc o [ellelle] e (o] le]le O -] o O (= -] o O
Sopas y caldos
1 taza o plato: 200 cc ()] (el le]lie] e] (e]e]le] O O () (] O O () ()]
Sorbetes, gelatinas
1 unidad: 120 cc o [elle]le] e (o] le]le O -] o O O -] o O
Refrescos
1 botellin o 1 vaso: 200 cc O o) [e]e] o) (o) e](e] O -] O O O O O O
1 lata: 330 cc -] OO|10|00)10|0O (& -] Q o (& -] (&) o
Refrescos Light/Zero
1 lata: 330 cc o o) [o]|e] |a] (o] [e] ] (=) o (=) o (=) o (=) o
1 botellin o 1 vaso: 200 cc o [ellelle] e (o] le]le O -] o O O -] o O

Cartificado. SOD000  BCopyright 2085 Dars Informatica SLU. Todos los derechos reservados. hitp:/wwwdara es/omr
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—_— FRECUENCIA DE CONSUMO
VECES MOMENTO
- Nunca |A la semana Al dia Antes del| Conel ;Eentre Conla E"‘.’: Conla n':;"l"h Durante
TIPO DE BEBIDA ocast | 2(a.a| 25|1-3/a-5/6-7 28 desayuno| o ¥ | comida | SPE | cena | (512 |1a noche

Café sélo o cortado con azucar

1 taza: 30-50 cc @] O|0|0|0|0|0|O (@] @] O - O (@] (@] (@]
Café sélo o cortado sin azicar, con/sin
edulcorante artificial

1 taza: 30-50 cc OO0 O (@)
Café con leche o americano con azicar

1 taza: 125 cc O (@](e) O (@) O @) O
Café con leche o americano sin azicar, con/sin
edulcorante artificial

1 taza: 125 cc (@] ellelle] elle]e]le] (@] O O O o (@] (@] O
Té con azucar

1 taza: 200 cc @] o] lo](e] (o) e]le]le] o o O @) (@] (@] O O
Té sin azucar, con/sin edulcorante artificial

1 taza: 200 cc (@] O|O|O]|O|10|O|O (@] @ O O (@] (@] O O
Otras infusiones con azdcar

1 taza: 200 cc (@) O|10|10|O|0|10|10 @) @] O O @) (@) @) @]
Otras infusiones sin azucar

1 taza: 200 cc (@] ellelle] o]lle]e]le] (@] O O O (@) (@] (@] (@]
Cerveza, Sidra

1 botellin o 1 vaso: 200 cc O OQIO|101010(10|0 O (@] O O O @) @) O

1 lata: 330 cc (@) O|10|0|O|0|0|0 (@] O O O (@) (@) (@] @]
Cerveza sin alcohol o Light

1 lata: 330 cc o] [o]|o][e] [e]|s][e][e] o] O O ®) o ] O O

1 botellin o 1 vaso: 200 cc (@] [elle]lle] [ellella]le] (@] O O O O O O O
Vino (tinto, rosado o blanco), cava

1 vaso: 120 cc (@] ollelle] o]le]e](e] (@] O O O (@) (@) (@] O
Bebidas alcohélicas de alta graduacion (whisky,
ron, vodka, ginebra)

1 copa 50 cc O [ellelle] o]lle]e]le] O O O O @) (@] (@] O
Bebidas alcohélicas combinadas (cubata,
gintonic, pifa colada, daikiri, otras)

1 vaso: 200 cc O jollelie] o]lle](e]le] (@] @] O - O O O O
Bebidas energéticas (Red Bull, Burn,...)

1 vaso: 200 cc (@] ellelle] elle]e]le] O O O O (@) (@] (@] O
Bebidas para deportistas/isotonicas

1 vaso: 200 cc @] o] |o] (o] (o] |e][e][e] o o @) @) o (@] O O

1 lata: 330 cc O O|10|0|O|0|10|0 (@] (@] O O (@) (@) (@] O
Batidos sustitutivos de comidas/hiper proteicos

1 vaso: 200 cc O [o]jo]je] [e]|s]|e]|e] O O O &) [®] O O O

{GRACIAS POR SU COLABORACION!

Cartificado 520882 ©Copyright 2015 Dara Infarmatica SLLL. http://wewdara ex/ome




UNIVERSITAT ROVIRA I VIRGILIT
ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH
Cintia Sofia Ferreira Pé&go

Appendix 5. Fluid specific record.
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Manual

Diario de Bebidas
(Instrucciones para rellenar el diario)

Nota: Si el consumidor tiene 15 afios o menos, el consumo del nifio/a

debe ser cumplimentado por la madre, padre o tutor.

Este diario esta disefiado para recoger de forma detallada y dia tras dia
(durante 7 dias) todos sus consumos de bebidas de todo tipo a lo largo

L T S

NN R % X

del dia:

Justo al levantarse (antes del desayuno)

En el desayuno

Durante la mafana (entre el desayuno y la comida)
Justo antes de la comida

En la comida

Durante la tarde (a lo largo de la tarde, después de la comida,
incluye picoteo y merienda)

Justo antes de cenar
En la cena
Después de cenar

Antes de acostarse (justo antes de ir a la cama)

Durante la noche (Si se levanta de la cama para beber algo
durante la noche)

Es MUY IMPORTANTE que, por favor, anote TODO su
consumo de bebidas a lo largo de todo el dia,
independientemente del tipo de bebida, momento del
dia,...
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&

A continuacion se detallan las instrucciones para completar cada blogque
mencionado:

A - Momento del dia en el que ha tomado la bebida
Localice el momento del dia adecuado en el cuestionario y anote las bebidas
consumidas en el apartado correspondiente, como vera cada hoja se corresponde a un
dia completo y en el figuran todos los momentos del dia que le mencionamos.

Nota: Si no ha bebido nada en un momento determinado del dia deje ese apartado en blanco/sin
rellenar

1. Justo al levantarse (antes del desayuno)

2. Eneldesayuno

3. Durante la mafiana (entre el desayuno y la comida)
4. Justo antes de la comida

5. Enlacomida

6. Durante la tarde (a lo largo de la tarde, después de la comida, incluye picoteo
y merienda)

7. Justo antes de cenar

8. Enlacena

9. Despuésde cenar

10. Antes de acostarse (justo antes de ir a la cama)

11. Durante la noche (Si se levanta de la cama para beber algo durante la noche)

1106113
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i B - ¢Qué tipo de bebidas ha consumido en ese momento?
5 Para completar el tipo de bebida que ha consumido en cada momento, por favor,
complete el/los espacio/s reservado/s con los siguientes codigos de bebida:
Aguas
Agua del grifo 01
Agua del grifo filtrada (tipo jarra Brita, Osmosis, otros filtros) 02
Agua de una fuente 03
Aguas mineral SIN gas 04
Agua mineral CON gas 05
Agua con sabor 06
Bebidas Calientes
Café / Café con leche / Cortado / Capuccino / ... 07
Té caliente 08
Bebidas a base de cereales solubles (tipo Eko,...) 09
Otras Infusiones y bebidas calientes 10
Leche - bebidas licteas
Leche Materna/Pecho 11
Leches infantiles (formula de inicio 12 etapa, continuacién 22 etapa o crecimiento 32 etapa) 12
Leche 13
Batidos de sabores cacao, fresa,... (preparados o solubles) 14
Batidos a base de leche y zumos 15;
Yogur liquido tipo Danup, Actimel, ... 16
Otras bebidas lacteas (leche condensada, en polvo, de soja...) 17
Zumos y bebidas de frutas
Naturales / Recién exprimidos 18
Zumo (tipo Juver 100%, Juver Exprimido, Pascual Solo Zumo, Tropicana Pure Premium, Granini 19
Oro, etc.)
Nectar (tipo Juver Nectar, Fruco, Lambda, Granini, Hero, Minute Maid, etc.) 20
Nectar SIN azucar afiadido (tipo Don Simén, Zumosol Ligero, Hero Sin, Juver Disfruta, etc.) 21
Otras bebidas a base de frutas 22
Refrescos CON GAS
Refrescos con gas sabor cola 23
Refrescos con gas sabor naranja 24
Refrescos con gas sabor limén 25
Bitter (tipo Kas, Cinzano, etc.) 26
Tonica 27
Gaseosa 28
Refrescos con gas de otros sabores 29
Refrescos con GAS LIGHT
Refrescos con gas sabor cola light (tipo Coca-cola light, Coca-cola Zero, Tab, etc.) 30
Refrescos con gas sabor naranja light 31
Refrescos con gas sabor limén light 32
Refrescos con gas de otros sabores light 33
Refrescos/Bebidas SIN GAS
Refrescos sin gas naranja (tipo Trina Fanta sin burbujas, etc.) 34
Refrescos sin gas limén (tipo Trina, Fanta sin burbujas, etc.) 35
Bebidas Isoténicas (tipo Aquarius, Gatorade,...) 36
Bebidas energéticas (tipo Red Bull, Burn,...) 37
Té frio (tipo Nestea, etc.) 38
Otras bebidas sin gas 39
Refrescos/Bebidas SIN GAS LIGHT
Refrescos sin gas naranja LIGHT 40
Refrescos sin gas limén LIGHT 41
Té frio LIGHT (tipo Trina T1, etc.) 42
Otras bebidas sin gas LIGHT 43
Otros tipos de bebidas con/sin alcohol
Cerveza 44
Cerveza sin alcohol 45
Cerveza con Limon/Gaseosa 46
Vino a7
Vino con Gaseosa 48
“Cubatas” (cualquier combinacion de bebidas con alcohol como por ejemplo Ron, Ginebra, 49
Vodka, etc. con refrescos de cola, naranja, limén, etc.)
Otras bebidas con alcohol (licores, cava,...) 50
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G-Tipo de recipiente / contenedor UTILIZADO PARA BEBER

A continuacion del tipo de bebida, por favor, anote el tipo de recipiente donde la ha tomado,
independientemente del envase original, salvo que la haya tomado directamente del envase original

o haya rellenado algin envase. Lo que nos importa es cémo la ha tomado. Para ello utilice la siguiente
lista de cédigos para recipientes:

Nota: Si en esta lista no esta exactamente el recipiente utilizado por favor utilice el que mas se le parezca tanto en
formato como en capacidad.

/

Si ha utilizado un vaso, jarra de cristal o similar:
g
- -l o - O - J
01 02 03 04 05 06
Chupito  Pequeiio/ Medio Grande Extra Grande Gigante
5cl Infantil 25cl 33cl 0 cl 1L
10 cl J
/ Si ha utilizado un vaso/taza de papel o similar:
(Usados habitualmente para refrescos, cafés y bebidas) T
- = Y B , v ’ c' E
" < - % | \ 1 o
07 08 09 10 11 12
Café Solo Cortados/ Café Pequeio Mediano Grande Extra
4.cl Largo 25cl 33cl 50 cl Grande
8cl 75cl /

'S B

/Si ha utilizado una copa:

LI

Si ha utilizado una taza o similar:

w w ¥

A 4 -4 -
13 14 15 16 17 A )4
Café  Cortados/ Mediana Grande Tazon/ Bol 4 - A
Espresso Café Largo 25 cl 30cl 50 cl 18 19
4cl 8cl Copa Pequeiia Copa Grande
L \_ 20l 30cl

/ Si ha utilizado una botella-cantimplora o similar: \ Si ha utilizado un biberén: \

-

. &
o WU

2
3 - f S
)
24 25
23

/

NG
110611

Biberc’ln Bibqrén
Pequena Mediana Grande Muy Grande Pequefio Mediano
40 cl 60 cl 1L 1,5L 15cl 30cl /
Si ha bebido directamente del envase: \
-
i BT 6BS
32 33 34 35
Envase Brlck Botella/Lat Botella/Lata Botella/Lata Botella Botella Botella Botella Botella
20 cl a pequena 33cl 50c 75 cl 1L 1,25 L 1,5L
25 cl

A
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e Para cualquier bebida:

| — Cantidad bebida/consumida

También necesitaremos que nos detalle la cantidad que ha bebido en niumero de
recipientes o envases. Por favor, tenga en cuenta si llegé a consumir toda la
bebida del recipiente / envase o sélo una parte.

(0JO los codigos a utilizar no son consecutivos)

N2 de recipientes o envases Cdodigo a utilizar
¥ (Una cuarta parte) 14
¥ (La mitad) 12
1 01
1y Medio i5
2 02
2 y Medio 25
3 03
3y Medio 35
4 04
4 y Medio 45
5 05
Mcds de 5 55

1106113
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O - éLe aiadio6 algo a esta bebida?

Por favor, indique con el cédigo correspondiente si le afiadid algo a la bebida
en el momento de tomarsela:
(Indique lo que corresponda)

Codigo

Azucar (% cucharada de café)
AzUcar (1 cucharada de café)
AzUcar (1 cucharada y % de café)
Azucar (2 cucharadas de café)
AzUcar (2 cucharadas y % de café)
AzUcar (3 cucharadas de café)
AzuUcar (mas de 3 cucharadas de café)
Edulcorantes (Sacarina, Aspartamo, etc.)
Limén/Lima

Cubitos de hielo

Alguna otra cosa

Nada, no afiadi nada

BwRNonkwNE

B
N o
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RECUERDE
Se le recomienda completar el diario cada dia y, muy especialmente, en cada
momento que beba cualquier cosa.

Le recomendamos que lleve consigo este diario, si es posible, sin esperar al final
del dia, pues podria olvidar algunas bebidas o no recordar algunos detalles
importantes, como por ejemplo la cantidad que ha consumido.

Nota: Si el consumidor tiene 15 afios o menos, el consumo del nifio/a debe ser
cumplimentado por la madre, padre o tutor.

Es muy importante para nosotros que anote todas las bebidas que consuma.

Pasados los 7 dias, un/a entrevistador/a recogera el diario que Ud. ha estado
completando (debera entregarle las 7 hojas) y le hara unas preguntas.

Le agradecemos mucho su participacién ya que conocer los habitos de los
consumidores como Ud. es clave para que los fabricantes adapten mejor los
productos a las necesidades de las personas.

iMUCHAS GRACIAS POR SU PARTICIPACION!
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SVDVYH9 =

= DIARIO DE BEBIDAS

NORDEN:

ENTREVISTADOR DEBE COMPLETAR LA INFORMACION DE IDENTIFICACION ANTES DE ENTREGAR EL DIARIO

NOMBRE DEL ENTREVISTADOR:

NOMBRE DEL COLABORADOR:

TELEFONO DEL COLABORADOR:

Fecha

Hora

ENTREGA DEL DIARIO:

RECOGIDA PREVISTA DEL DIARIO:

RECOGIDA REAL DEL DIARIO:

SI EL CONSUMIDOR TIENE 14 ANOS O MENOS, ESTE DIARIO DEBE SER CUMPLIMENTADO

POR LA MADRE, PADRE O TUTOR

NOMBRE DEL NINO/A:

SI TIENE CUALQUIER DUDA PUEDE CONSULTAR AL TELEFONO 900 150 288 de lunes a viernesde 9a 18 h
0ALE-MAIL informacion.es@tnsglobal.com

10613




UNIVERSITAT ROVIRA I VIRGILIT
ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH
Cintia Sofia Ferreira Pé&go

(a4p0u g

g ) | a1 | o 1 ey P e——"
wwsn | mvisn | 1wsn twisn | wasn awsn | qwsn [ awsn
e ey | uni s | e v ey | A it ey | by | nksony | by | unts g
o ] 5 W W T ] T [ W 5 7 3 a 3 T |v]
o
-
-
— === -] - - | - |-= ||| = === — | - el el el el el

zn
— | =|=1=]=]=-1= — — S SRS DU RS — —p—— — pu— P——, p— p— (— i — — J— - — — —
VW 130 SINY 0ISF ¥
el e - - — |11l — - - | i 'l
=== === . . SN (SN PRI (R N P P (S P W P R (R R . — [ e — ||== o7
en
—_ === === — — — || === || == | === | = | ——= | == | == |—=] —— — — — | —— | —= == ==

m
"
e ) (R Sy e s R ) S S S e [ ) S S (S S | [ S S
. el el e el Bl - - . Sunia Al Al Al Al Al Rl Al el A Al A . - - . - . - 'l

(ounkesap

Yy -

ey | 7 | T | ¢ wandz ) | qensas ) [menomsy |8 | | b |t | & | t | 9 | s |+ | € | & | i N e N N N =T
0 visn Mwisn | wwisn | 1wsn [T vest | wwisn | pwsn | awsn | awsn [ oowssn | owsn | awsn |
unks sy s s | i s | e sy N VLS i ey | oty | oy | s ony | o sy | untas oy | by | nbasaovy |55
i amnones? | wow | vawoo | venve |omnsnoo OLNION 153 N3 vaiaza OININOW 353 N3 WaIS3A vawns | owsna | w3 weve | svonoa | svors | viawoo | wwomo | vannsuoo (35
SYHINIIW layNy oD O 3L yom WI53 HIKINSNOD WHYd V1S3 HINMSNOD Wivd ~NOD 115045 OOVZIULN | WOYSYANI 3 ISYANI vaig3s ?;
VALY 7 ¥I0S SOALLOW SaNOZvH Mvaigze | wodviia | wodananod | wnov wnay wvanm B3
avaunyd | gzun? | N30 VI VOMYIN E
30 0L

o e T

i Gt prtioy

R —— il g

[ 4 [ [ ] 1 ] | T [ [ a 4 [

£ - obuiwog 9 opegeg G Tt SaUIAIA [epundsauna anb of 3jai0) zwz | eo| | :eyday

¥ sanang £ 7SI [ Lo saumy SYNWINIS W1 30 VIO



UNIVERSITAT ROVIRA I VIRGILI
ASSESSMENT OF FLUID INTAKE AS A DETERMINANT OF LIFESTYLE AND ITS IMPACT ON HEALTH

Cintia Sofia Ferreira Pé&go

W3

2 EM EL DESAYUNO

DIA DE LA SEMANA: Lunes. ... 1 Martes.... 2 Miércoles.. 3 Jueves..... 4
(Circule lo que correspondal Viernes .... 5 Sabado.... & Domingo .. 7
¥ o W ] ) | 3 L " N o v o
Stlo i S0ip €005 Contestar 3 estss peeguntss SOLO 05 3 primercs G €n i3 Que rekne Este 50
s 15 e 14 0 menos o e s coneste ]
mARCA | RECIFIENTE/ | cumuizd | cantioan
AGUA | CONTENEDOR | €L TAPON | BEBIDA! RAZONES MaTVoS S0LA AE ACTVIDAD
2| eemoa | ewvase wASADA |Envasana| umuzapo | seomt; | con- FARA CONSUMIR ESTA PARA CONSUMIR ESTA woar | Tempe- | ocon | adaoio MIENTRAS
£ | consumina | omiGiNAL SINGAS | CONGAS | PARABEBER | BIBERON? | SUMIDA BEBIDA EN ESE MOMENTO BEBIDA EN ESE MOMENTO consumo | RaTURA | comiba | ALso? £CON QUIEN? BEBIA
S 8| Ancte segin | Acate sgin ootz sagin | anote segin | Anctesegin | Ansce segie | Anate segan Anite segin LISTA J Anotesegn LISTAK noate segin | Anote sogin | mnote segin | Aeate segin | ncte seain USTAP | wnote seqin
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Appendix 6. Booklet photo.
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&' G-Tipo de recipiente / contenedor UTILIZADO PARA BEBER

A continuacion del tipo de bebida, por favor, anote el tipo de recipiente donde la ha tomado,
independientemente del envase original, salvo que la haya tomado directamente del envase original

o haya rellenado algun envase. Lo que nos importa es como la ha tomado. Para ello utilice la siguiente
lista de cédigos para recipientes:

Nota: Si en esta lista no esta exactamente el recipiente utilizado por favor utilice el que mas se le parezca tanto en
formato como en capacidad.

/ Si ha utilizado un vaso, jarra de cristal o similar:
4
- o ) O o GJ \ J -—
o1 02 03 04 05 06
Chupito  Pequeiio/ Medio Grande Extra Grande Gigante
5cl Infantil 25cl 33cl 50 cl iL
10cl /
/ Si ha utilizado un vaso/taza de papel o similar: \
(Usados habitualmente para refrescos, cafés y bebidas) T
» = T T ’ v , ..
" ¥y ®i1 ! .
07 08 09 10 11 12
Café Solo Cortados/ Café Pequeio Mediano Grande Extra
4.cl Largo 25cl 33 cl 50 cl Grande
% 8cl 75¢1
( Si ha utilizado una taza o similar: / Si ha utilizado una copa: \
A . . > - D
- w v X w @1 .
13 14 15 16 17 b | A £
Café Cortados/ Mediana Grande Tazén/ Bol = R
Espresso Café Largo  25cl 30cl 50 cl 18 19
4cl 8cl Copa Pequeiia Copa Grande
\_  20cl 30 cl
/ Si ha utilizado una botella-cantimplora o similar: \ Si ha utilizado un biberén: \
< /9 2
= (1 3 - “la—y
Qo (T p ) [ )
— | Q
Ll lx | 2 24 25
20 21 22 23 Biberén Biberén
Pequena Mediana Grande Muy Grande Pequerfio Mediano
40 cl 60 cl 1L 5L/ 15 cl socl _/
/ Si ha bebido directamente del envase: \
D
>
=
4 BF @2 L
= C—_— -

26 27 28 29 30 31 32 33 34 35
Envase Brick Botella/Lat Botella/Lata Botella/Lata Botella Botella Botella Botella Botella
Q:I 20 cl a pequena 33cl 50cl 75 cl 1L 1,25 L 1,5L 2L

25cl
110611
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10.2. Scientific contributions

10.2.1. Publications derived from the present work

. Ferreira-Pégo C, Nissensohn M, Kavouras SA, Babio N, Serra-Majem L, Martin-Aguila A,
Mauromoustakos A, Salas-Salvadé ]. Beverage Intake Assessment Questionnaire: Relative
Validity and Repeatability in a Spanish Population with Metabolic Syndrome from the
PREDIMED-PLUS Study. Nutrients. 2016;8(8). PMID: 27483318

= Ferreira-Pégo C, Babio N, Fenandez-Alvira JM, Iglesia I, Moreno LA, Salas-Salvadé J.
Fluid intake from beverages in Spanish adults; cross-sectional study. Nutr Hosp.

2014;29(5):1171-8. PMID: 24952000.

= Ferreira-Pégo C, Babio N, Salas-Salvad¢ ]. A higher Mediterranean diet adherence
and exercise practice are associated with a healthier drinking profile in a healthy Spanish

adult population. Eur ] Nutr. 2015;[Epub ahead of print]. PMID: 26646673.

= Ferreira-Pégo C, Guelinckx I, Moreno LA, Kavouras SA, Gandy ], Martinez H, Bardosono
S, Abdollahi M, Nasseri E, Jarosz A, Babio N, Salas-Salvadé ]. Total fluid intake and its
determinants: cross-sectional surveys among adults in 13 countries worldwide. Eur ] Nutr.

2015;54 Suppl 2:35-43. PMID: 26066354.

= Guelinckx I, Ferreira-Pégo C, Moreno LA, Kavouras SA, Gandy ], Martinez H, Bardosono
S, Abdollahi M, Nasseri E, Jarosz A, Ma G, Carmuega E, Babio N, Salas-Salvad¢ ]. Intake of water
and different beverages in adults across 13 countries. Eur | Nutr. 2015;54 Suppl 2:45-55.
PMID: 26072214.

. Ferreira-Pégo C, Babio N, Bes-Rastrollo M, Corella D,Estruch R, Ros E, Fit6 M, Serra-
Majem L, Aros F, Fiol M, Santos-Lozano JM, Muifioz-Bravo C, Pintd X, Ruiz-Canela M, Salas-Salvadé

]. Frequent consumption of sugar- and artificially sweetened beverages, and natural and
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bottled fruit juices is associated with an increased risk of metabolic syndrome in a
mediterranean population at high CVD risk. ] Nutr. 2016; [Epub ahead of print]. PMID:
27358413.

10.2.2. Other publications

. Fenandez-Alvira JM, Iglesia I, Ferreira-Pégo C, Babio N, Salas-Salvadd ], Moreno LA;
Fluid intake in Spanish children and adolescents; a cross-sectional study. Nutr Hosp.

2014;29(5):1163-70. PMID: 24951999.

. Vitoria [, Maraver F, Ferreira-Pégo C, Armijo F, Moreno Aznar L, Salas-Salvad¢ J; The
calcium concentration of public drinking waters and bottled mineral waters in Spain and
its contribution to satisfying nutritional needs. Nutr Hosp. 2014;30(1):188-99. PMID:
25137280.

= Maraver F, Vitoria I, Ferreira-Pégo C, Armijo F, Salas-Salvad¢ |; Magnesium in tap and
bottled mineral water in Spain and its contribution to nutritional recommendations. Nutr

Hosp. 2015;31(5):2297-312. PMID: 25929407.

. Ferreira-Pégo C, Babio N, Maraver F, Vitoria I, Salas-Salvad¢ J; Water mineralization

and its importance for health. Alim. Nutri. Salud. 2016; 23(1):4-18.

. Ferreira-Pégo C, Babio N, Salas-Salvad¢ J; Letter to the Editor Re: Nissensohn M. et

al;; Nutrients 2016, 8, 232. Nutrients. 2016; 8(8): 453. PMID: 27472360

10.3. Participation in national and international conferences

Conference: III World Congress of Public Health Nutrition. Las Palmas de Gran Canaria (Spain),
9-12t November 2014.

Authors: Ferreira-Pégo C, Babio N, Fernandez-Alvira JF, Iglesia I, Moreno LA, Salas-Salvadé J.
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Title: Fluid intake from beverages in Spanish adults: cross-sectional study.
Format: Poster.

Publication: Nutr Hosp. 2014;29(5):1171-8.

Conference: 111 World Congress of Public Health Nutrition. Las Palmas de Gran Canaria (Spain),
9-12th November 2014.

Authors: Ferreira-Pégo C, Babio N, Salas-Salvado J.

Title: A healthier lifestyle is associated with a healthier drinking profile.

Format: Poster.

Publication: Eur ] Nutr. 2015;[Epub ahead of print].

Conference: CCNIEC (Centre Catala de la Nutricié de I'Institut d’Estudis Catalans) Scientific
session 2015 “Nutrition, food and metabolic syndrome”. Barcelona (Spain), 7t April 2015.
Authors: Ferreira-Pégo C, Babio N, Salas-Salvado J.

Title: Sugar sweetened beverages intake and Metabolic Syndrome

Format: Oral communication.

Conference: 34t International Symposium on Diabetes and Nutrition. Prague (Czech Republic),
29t June -1st July 2016.

Authors: Ferreira-Pégo C, Babio N, Bes-Rastrollo M, Corella D, Estruch R, Ros E, Fité M, Serra-
Majem L, Aros F, Fiol M, Santos-Lozano JM, Muifioz-Bravo C, Pinté X, Ruiz-Canela M, Salas-Salvadé
J; on the behalf of PREDIMED Investigators.

Title: Frequent consumption of sugar and artificially sweetened beverages, and natural and bottled
fruit juices are associated with an increased risk of Metabolic Syndrome in a Mediterranean
population at high CVD risk.

Format: Poster.

Publication: ] Nutr. 2016;146(8):1528-36.
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10.4. Mobility

Length: 3 months (January 2016 - April 2016).

Institution: University of Arkansas (Fayetteville, AR, USA).

Supervisor: Prof. Stavros A. Kavouras

Objective: Learning statistical methodology to validate a fluid-specific assessment questionnaire
using Uosm and 24-hour urine volume as a biomarker. Participate in the confection of a scientific

paper regarding the validation of this questionnaire in the context of the PREDIMED-PLUS study.
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