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Abstract
Introduction: Recommendations of adequate total water intake (aTWI) have been 
proposed by the European Food Safety Agency (EFSA) and the Institute of Medi-
cine (IOM) of the United States of America. However, there are differences in the 
approach used to support them: IOM recommendation is based on average intakes 
observed in NHANES III (Third National Health and Nutrition Examination Survey) 
and EFSA recommendation on a combination of observed intakes from 13 differ-
ent European countries. Despite these recommendations of aTWI, the currently 
available scientifi c evidence is not suffi cient to establish a cut-off value that would 
prevent disease, reduce the risk for chronic diseases or improve health status. 

Objective: To compare the average daily consumption of fl uids (water and other 
beverages) in selective samples of population from Mexico, US and Spain, evaluat-
ing the quantity of fl uid intake and understanding the contribution of each fl uid type 
to the total fl uid intake. We also aim to determine if they reached adequate intake 
(AI) values, as defi ned by three different criteria: IOM, EFSA and water density.

Methods: Three studies were compared: from Mexico, the National Health and 
Nutrition Survey conducted in 2012 (NHNS 2012); from US, the NHANES III 2005-
2010 and from Spain the ANIBES study leaded in 2013. Different categories of 
beverages were used to establish the pattern of energy intake for each country. Only 
adult population was selected. TWI of each study was compared with EFSA and IOM 
AI recommendations, as well as applying the criterion of water density (mL/kcal). 

Results: The American study obtained the higher value of total kcal/day from 
food and beverages (2,437 ± 13). Furthermore, the percentage of daily energy 
intake coming from beverages was, for American adults, 21%. Mexico was slightly 
behind with 19% and Spain ANIBES study registered only 12%. ANIBES showed 
signifi cantly low AI values for the overall population, but even more alarming in 
the case of males. Only 12% of men, in contrast with 21% of women, do satisfy 
the EFSA criterion. The IOM criterion reaches even less with higher recommended 
values for daily intake. In contrast, 60% of the American population reached the 
recommended intake of the IOM criterion. However, available data did not allow 
calculating the percentage reached by the EFSA criterion. Data from the Mexican 
study did not permit conducting comparisons with IOM or with EFSA. However, 
the water density criteria (mL/kcal) was higher than 1.

Conclusion: There is a notable difference between all three populations in 
terms of TWI. Furthermore, within the same population, values of adequacy of 

TWI changed signifi cantly when they were assessed using different criteria. More 
scientifi c evidence is required for the production of better defi ned water intake 
recommendations in the future as well as more studies focusing on beverage 
consumption patterns in different settings. 

Key words: Adequate total water intake. ANIBES. Energy intake. Beverages. 
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INTRODUCTION

Adequate total water intake (aTWI) has been proposed by spe-
cifi c age and gender by some international authorities. However, 
those amounts vary widely. In 2010, the European Food Safety 
Agency (EFSA) (1) set the aTWI in 2.5 l/day for men and 2.0 l/day 
for women older than 14 years of age. In contrast, the Institute 
of Medicine (IOM) (2) of the United States of America set the rec-
ommended aTWI in 3.7 l/day for men and 2.7 l/day for women. 
In Mexico, a panel of experts convened by the Ministry of Health 
recommended the consumption of 0.75-2.0 l (6 to 8 average size 
glasses) of water per day. As for other fl uids, the panel classifi ed 
beverages in 6 levels, from level 1 (those that should be consumed 
as a major beverage, i.e., water) to level 6, the least preferred bev-
erages that should be consumed in limited quantities. In summary, 
the current recommendations of the IOM, EFSA and the panel of 
experts agree on basic aspects. They recognize that the value 
of “adequate intake” (AI) is a variable event in which differences 
are in part due to the inter-individual variation for water needs in 
response to different health status, metabolism and environmental 
factors such as ambient temperature and humidity, as well as 
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individual factors such as age, body size and level of physical 
activity (3). Furthermore, the water needs also depend partially on 
overall diet and the water contained in food. Both, the EFSA and 
the IOM established their recommendations on the same criteria 
of adequate hydration that include at least 1.0 l per 1,000 kcal 
and theoretical calculations. 

However, there are slight differences in the approach used to 
support them: IOM set AI based on average intakes observed in 
NHANES III (Third National Health and Nutrition Examination Sur-
vey). They clarify that physical activity and ambient temperature 
increase water loss and require compensation drinking. Therefore, 
it uses an osmotic equilibrium criterion to formulate the recom-
mended amounts. In contrast, EFSA based their AI recommenda-
tions on a combination of observed intakes in population groups 
with desirable osmolarity values of urine of 500 mOsmol/l and 
desirable water volumes per energy unit consumed. The intake 
data were obtained from observational national surveys in healthy 
populations in 13 different European countries. They recommend-
ed that the AIs only apply in moderate environmental temperatures 
and at moderate physical activity levels (4). 

In 2004, the IOM published the daily reference values of nutri-
ents, including the amount of “water, potassium, sodium, chloride, 
and sulfate” (2). The suggested intake profile was for an adult 
male with an average intake of 2,200 kcal/day. All beverages 
represent 12.5% of the total daily energy intake. Fluid intake was 
3.9 l, from which 48% of them would be water, 20% unsweetened 
drinks (coffee and tea) and 32% milk, juice and other calorie 
beverages. 

In Mexico, the obesity epidemic and the observation of the 
high increase of sugar sweet beverages intake led to establish 
an expert panel (5) which, in 2008, developed a set of recom-
mendations on beverage intake for a healthy life including portion 
size recommendations for each beverage category and healthy 
consumption patterns for men and women: the Beverage Guid-
ance System. The main conclusion of this panel was that water 
is the best option and first recommendation for ideal beverage. 
They also support the World Health Organization recommendation 
that no more than 10% of the daily calorie intake should come 
from beverages (6,7). 

Even though a TWI has been established, methods to estimate 
daily ingestion and adequacy of water and other fluids at a pop-
ulation level remain insufficient in the literature. The scientific 
evidence available is not enough to establish a level of TWI that 
would prevent disease, reduce the risk for chronic diseases or 
even improve health status. As a result, there is no clear associ-
ation between maximum or minimum limits of water consump-
tion that might produce a health benefit by diminishing a specific 
risk. A proper assessment of water and other beverages intake is 
important in relation to public health for many reasons, including 
the need to promote the adoption of healthy life styles in order to 
avoid the growing epidemic of chronic diseases, many of which 
are related to unhealthy habits of consumption of different foods 
and beverages (6,7). 

The objective of this paper was to compare the average daily con-
sumption of fluids (water and other beverages) in selective samples 

of Mexican, US and Spain population, evaluating in each case the 
quantity of fluid intake and understanding the contribution of each 
fluid type to the total fluid intake in order to draw conclusions about 
the adequacy of drinking habits (8). Furthermore, we examined if 
those populations reached AI values defined by the IOM, the EFSA or 
by the criterion of water density, a ratio between TWI (ml from food 
and beverages) and energy intake (kcal). This criterion suggests that 
water intake is inadequate when the ratio is lower than 1.

METHODS

CHARACTERISTICS OF THE THREE STUDIES 
COMPARED

1. � From Mexico, the National Health and Nutrition Survey in 
2012 (NHNS 2012) analyzed current patterns of beverage 
intake in adults and children. The NHNS 2012 was a nation-
ally representative, cross-sectional, multistage, stratified 
survey whose main objective was to characterize the health 
and nutritional status of the Mexican population (9). It was 
conducted from October 2011 to May 2012 on a total of 
10,343 individuals. Dietary intake was collected by trained 
interviewers using a single 24-h recall from both weekdays 
and weekend days (9,10). Respondents reported all foods 
and beverages consumed in the previous 24-h time period. 
Each interviewer was provided with a manual with photos of 
commonly consumed foods, a food scale, measuring cups, 
and serving spoons of various sizes to help in estimating the 
amount of food or beverages (in grams or milliliters) reported 
by each participant. Beverages were first grouped into 10 
broad groups: a) water; b) agua fresca (beverages mixing 
water with small amounts of fresh natural fruits); c) coffee/
tea; d) soda; e) fruit and vegetable beverages; f) milk and 
milk-based beverages; g) atole (cornstarch beverage); h) 
sports and energy drinks; i) alcoholic beverages; and j) other 
beverages. Sodas were further divided into ‘‘caloric’’ and 
‘‘low calorie’’ groups. Other beverages, such as coffee/tea 
with milk and/or added sugars, were classified as caloric or 
low calorie using their energy density. Finally, all beverages 
were classified into 17 specific groups that represent all 
beverages consumed by the Mexican population.
As a result, the mean per-capita consumption of beverages 
among Mexican adults aged 20-59 years was 382 kcal/day. 
All beverages represented 19.2% of the total daily energy 
intake. The top 3 most consumed beverages in these age 
groups were plain water (74.6%), caloric soda (42.0%), 
and caloric coffee/tea (37.6%). In terms of calories, caloric 
soda, caloric coffee/tea, and agua fresca were the top three 
major contributors to the total daily energy intake per capita. 
Compared with adult women, men had a significantly higher 
consumption of caloric soda and alcoholic beverages. Women 
were higher consumers of plain water compared with men (9). 

2. � From the US, the National Health and Nutrition Examina-
tion Surveys (NHANES) 2005-2010 were conducted using 
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a large and nationally representative database. Estimates 
of total dietary water from all sources (including plain 
water), from other beverages and from moisture in foods 
were compared to the IOM AI values. The analyses used 
data from three cycles of the study corresponding to years 
2005-2006, 2007-2008 and 2009-2010 on a sample of 
15,702 adults aged ≥ 20 years. The collection of data was 
assessed via two 24-h recalls for most respondents, allow-
ing for estimation of usual intakes conducted by trained 
dietary interviewers in a mobile examination center while 
the second recall was conducted by telephone some days 
later (11-14). 
Beverages were classified into nine broad groups: a) water 
(bottled or tap); b) milk (including flavored); c) fruit juice 
(100%); d) soda/soft drinks (regular and diet); e) fruit drinks; 
f) sports/energy drinks; g) coffee; h) tea; and i) alcoholic 
beverages. The NHANES 24-h recalls for each respondent 
provide information on the amount in grams of each food 
and beverage consumed. In the analyses of this database, 
results were all presented in ml of water content from 
selected beverages, not mean intakes by volume (e.g., ml 
of water in milk, not ml of milk consumed). Energy intakes 
from different beverages and foods were estimated for each 
respondent. 
On average, American adults consumed 1.1 l (1,138 ml) of 
water as a beverage per day. Men and women consumed 
comparable amounts of water as a beverage. Overall, adults 
consumed 644 ml/d of tap water (about 56% of total water 
consumed as a beverage) and 502 ml/d of bottled water 
(44%). The principal beverage sources were plain water, 
soda, coffee, tea, milk, and alcohol, followed by fruit drinks 
and fruit juices. The contribution of plain water, soda (regular 
and diet), alcohol and fruit drinks to water intakes tended to 
decrease with age. By contrast, the contribution of coffee 
and tea to total water intake increased with age. Among 
adults aged 20-50 years the 83% of total water came from 
beverages, including 37% from plain water and 17% from 
moisture in foods. However, 42.7% of men and 40.6% of 
women adults failed to meet the IOM AI value for total water 
(3.7 l for men and 2.7 l for women). The contribution of bev-
erages to energy intakes was 21.7% among younger adults 
(aged 20-50) and declined with the age. For this age group 
soda accounted for 5.7% of energy intakes (15). 

3. � From Spain, the ANIBES study was conducted using stratified 
multistage sampling (16,17). To guarantee better coverage 
and representativeness, the fieldwork was performed at 128 
sampling points across Spain. The final sample comprised 
2,007 individuals (1,011 men, 50.3%; 996 women, 49.7%). 
The fieldwork for the ANIBES study was conducted from 
mid-September 2013 to mid-November 2013. To equally 
represent all days of the week, study subjects participated 
during 2 weekdays and 1 weekend day. For food and bev-
erage records, the study participants were provided with a 
tablet device (Samsung Galaxy Tab 2 7.0) and trained in 
recording information by taking photos of all food and drinks 

consumed during the 3 days of the study, both at home and 
outside home. Photos were to be taken before starting to 
eat and drink, and again after finishing, so as to record the 
actual intake. Additionally, a brief description of meals, rec-
ipes, brands, and other information was recorded using the 
tablet device. Participants who declared or demonstrated 
that they were unable to use the tablet device were offered 
other options, such as digital camera and paper record and/
or telephone interviews. In addition to details of what and 
how much was eaten, for each eating/drinking event, par-
ticipants recorded where they were, who they were eating 
with, and whether they were watching television and/or sit-
ting at a table. After each survey day, participants recorded 
if their intake was representative for that day (or the reason 
why if it was not), and details of any dietary supplements 
taken. The survey also contained a series of questions about 
participants’ customary eating habits (e.g., the type of milk 
or fat spread usually consumed) to facilitate further coding. 
Food records were returned from the field in real time, to be 
coded by trained coders who were supervised by dieticians. 
An ad hoc central server software/database was developed 
for this purpose, to work in parallel with the codification and 
verification processes. A food photographic atlas was used 
to assist in assigning gram weights to portion sizes (16,17). 
Beverages were combined into eight categories for fur-
ther analysis: a) hot beverages included hot tea and coffee 
(iced teas in cans or bottles were considered as caloric soft 
drinks); b) milk (all types of milk without separation by fat 
percentage); c) fruit and vegetable juices (including nec-
tars and juice-milk blends); d) caloric soft drinks (including 
sports drinks such as isotonic drinks with mineral salts and 
caffeinated energy drinks, among others); e) diet soft drinks 
(with non-sugar sweeteners); f) alcoholic drinks, including 
two groups: low alcohol grade (mostly beer, wine, and cider) 
and high alcohol grade; g) water (including tap water and 
bottled water); and h) other beverages (including soy-based 
beverages and non-alcoholic beer, among others) (18). 

On average, the TWI for adults’ age range 18 to 64 years 
was 1.72 l/day for men and 1.61 l/day for women. Neither 
men nor women consumed sufficient amounts of water, 
according to EFSA AI reference values. Men consumed 
approximately 31% less than the AI and women nearly 20% 
less. The relative contribution to total EI from beverages was 
12.5% for both, men and women. Furthermore, 68% of the 
TWI came from beverages and 32%, from food. Water was 
the most frequently consumed beverage followed by milk, 
for both sexes. Among men, the decreasing order of con-
sumption was alcoholic drinks, caloric soft drinks, and hot 
beverages, with similar percentages (11.0%, 10.7%, and 
10.5%, respectively). For women, the decreasing order was 
hot beverages (12.5%), caloric soft drinks (8.2%), and alco-
hol (5.3%). Fruit and vegetable juices and diet soft drinks 
were consumed in lower amounts by both sexes. In gen-
eral, the contribution of water intake from food increased 
with age. This finding is possibly due to lower consumption 
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of fruits and vegetables, which are rich in water, for the 
youngest participants. Water contribution from beverages 
declined with age. For adults, the principal sources of total 
dietary water were plain water, followed by milk. Regard-
ing alcoholic drinks, on average, consumption for men and 
women were 160 g/day (SE 9.05) and 71 g/day (SE 4.85), 
respectively. Caloric soft drinks contribution for the entire 
population was 2.3% of the total kcal per day. However, 
consumption was lower among adults than in adolescents 
and among women than in men (18). 

RESULTS

The different categories of beverages were used to establish the 
pattern of energy intake for each of the three studied countries. 
Only the pattern of adults was selected. TWI of each study was 
compared with the EFSA, and IOM AI recommendation. Further-
more, the criterion of the water density was applied (ml/kcal) in 
order to provide a more comprehensive estimate of the proportion 
in which each country fulfilled the established aTWI. This criterion 
is based on the energy content per unit volume. The desirable 
water to energy ratio is considered as other index of AI (15). The 
value suggested was 1.0 l per 1000 kcal of energy intake. How-
ever, this value could be increased to 1.5 l/1,000 kcal depending 
on the activity level and water loss. TWI for adults should be no 
less than 1.0 l/1,000 kcal (15). 

Table I shows the dietary sources of energy (%) from sub-
groups of beverages in the three studies included. In order to allow 
comparison between all three studies, some groups of beverages 
should be linked (i.e., in the Mexican study, “atole” was includ-
ed as “other beverages”). Among the three studies selected, the 

American study obtained the higher value of total kcal/day from 
food and beverages (2,437 ± 13). Furthermore, the proportion 
of energy from beverages for average American adults was 21% 
(also the highest value in the three studies). Mexico was closely 
behind with 19%. Regarding Spain, the ANIBES study registered 
a value of 12%, very close to the recommendations of the EFSA, 
IOM and the panel of experts from Mexico. Milk was the beverage 
with the highest caloric intake in the Spanish study. It contributed 
4.9% of the calories, followed by alcoholic beverages, with 2.9% 
of the calories. However, in the US study the percentages from the 
same drinks were higher than in Spain (6.6% and 6.1%, respec-
tively). In Mexico, sugared soft drinks contributed with 6.8% of the 
calories, followed by coffee and herbal teas (4.1%). Surprisingly, 
juices and nectars and alcoholic drinks contributed the lowest 
amount of calories (0.9 and 2.2%, respectively) when compared 
with Spain and the US.

Table II shows the evaluation of adequacy between TWI value of 
each included study and the aTWI values provided by EFSA, IOM 
and the ratio ml/kcal. In the ANIBES study from Spain, only 12% 
of men and 21% of women fulfilled the EFSA recommendation of 
aTWI (data not shown) (18). Men reached only 69% of the 2.5 l/
day recommended, which translates as a deficit of 0.78 l/day (or 
31% below the daily recommendation). Women reached an 80% 
of the recommended aTWI of 2.0 l/day, meaning they had a deficit 
of 0.4 l/day (20% below the daily recommendation). 

When IOM recommended values are taken into account, the 
percentages of both, men and women, in the Spanish population 
become even lower. Men reached only 46.5% of the recommend-
ed value of 3.7 l/day and women 60% of 2.7 l/day.

The ratio obtained between ml/kcal ingested was 0.87 for men 
and 0.97 for women, both values below 1, which is considered 
as insufficient intake.

Table I. Dietary sources of energy (%) from beverages subgroups in the Spanish, US  
and Mexican population

% Energy (kcal/day) ANIBES study 2013 Spain NHANES 2005-2010 US NHNS 2012 MX

18 to 64 years 20 to 50 years ≥ 20 years

n 1,587 8,389 3,272

Total kcal/day from food and beverages (mean) 1,816 2,437 2,010

% Energy from beverages only (mean) 12.1 21.7 19

Water 0.0 0.0 0.0

Milk 4.9 6.6 3.1

Sugared soft drink 2.1 5.7 6.8*

Energy and sports drink 0.1 0.6 0.1

Unsweetened soft drink 0.0 0.0 0.1

Juices and nectars 1.3 3.2 0.9

Others non alcoholic drinks 0.3 Nr 1.7^

Coffee and herbal teas 0.2 1.3~ 4.1

Alcoholic drinks 2.9 6.1 2.2

*Included flavored water, fruit water, caloric soda. ^Included atole. ~Included coffee and tea. Nr: not reported.
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In the NHANES study, the situation was literally the opposite 
to that of the Spanish study: 42.7% of men and 40% of women 
failed to meet the IOM aTWI (data not shown) (15). However, men 
reached an overall average of 159% of the 2.5 l/day that EFSA 
recommended as aTWI, which translates as an excess of 59% or 
1.47 l/day over the daily recommendation. For women the excess 
was 1.0 l/day for the EFSA 2.0L recommendation.

Regarding IOM, there was also a surplus, but in this case, the 
amount was lower. For men, only a 7% excess (0.27 l/day) and 
for women the excess was only of 0.3 l/day.

The ratio obtained in this study was 1.63 for both genders. The 
value obtained was above the cut-point 1.

In the Mexican study, we were not able to make calculations 
separating men and women. Nonetheless, when considering a TWI 
of 2.4 l/day, on average the EFSA recommendation was nearly 
reached, but the IOM recommendation was not. Both sexes reached 
a 76% of this recommended aTWI, meaning they had a deficit of 
0.8 l/day. The ratio obtained in this study was 1.22 for both genders.

In line with previous reports on beverage consumption in Mex-
ico (19,20), the results of the selected study indicate that caloric 
sugar-sweet beverages (SSB) have been the top source of calories 
derived from beverages in the Mexican population. This current 
pattern of beverage consumption is also similar to the United 
States’ beverage patterns. However, since the highest peak in SSB 

Table II. Relationship between TWI of each study and the Al values provided by EFSA.  
IOM and the ratio ml/kcal

ANIBES study 2013 Spain
18 to 64 years

NHANES 2005-2010 US
20 to 50 years

NHNS 2012 MX
≥ 20 years

% Energy (kcal/day) Men Women Men Women

n 796 857 8389 3272

Total kcal/day from food 
and beverages (mean 

± SE)

1957 (16.43) 1660 (13.52) 2437 (13) 2010 (28)

Total beverages 
consumption mL/day 

(mean ± SE)

1244.7 (21.86) 1169.24 (18.85) 2940 (13) 1500 (25)

Water from food mL/day 
(mean)

516 476 686 503 Nr*

Water from food + 
Beverages mL/day (mean)

1717 1608 3973 3016 24440

Water intake mL/day 
(mean)

582 598 1298 1274 626

EFSA
TWI 2.5 L men,  
2.0 L women

Population intake 
is 68.8% (1.7 L) of 

recommended value
Deficit of 31.2% 

(0.8 L)
Only 12% fulfill

EFSA Al value for 
TWI (18) 

Population intake 
is 80.5% (1.6 L) of 

recommended value
Deficit of 19.5% 

(0.4 L)
Only 21% fulfill

EFSA Al value for 
TWI (18)

Population intake is 
158.8% (3.9 L) of 

recommended value
Excess of 58.8% 

(1.5 L)

Population intake 
is 151% (3.0 L) of 

recommended value
Excess of 50% 

(1.0 L)

Population intake is 
estimated on 108% 

(2.4 L) of recommended 
value on average for 

both genders
Excess estimated on  

8% (0.1 L)  
~

IOM
TWI 3.7 L men,  
2.7 L women

Population intake 
is 46.5% (1.7 L) of 

recommended value
Deficit of 53.5% 

(1.98 L)

Population intake 
is 59.6% (1.6 L) of 

recommended value
Deficit of 40.4% 

(1.09 L)

Population intake is 
107.3% (3.9 L) of 

recommended value
Excess of 7.3% 

(0.27 L)
57.3% fulfill the IOM 
Al value for TWI (15) 

Population intake is 
111.1% (3.0 L) of 

recommended value
Excess of 11.1% 

(0.3 L)
59.4% fulfill the IOM 
Al value for TWI (15) 

Population intake 
is estimated on 
76.2% (2.4 L) of 

recommended value 
on average for both 

genders
Deficit estimated on 

23.7% (0.8 L)  
~

Ratio mL/kcal > 1 or 
(1 L/1000 kcal)

0.87 0.97 1.63 1.22

*Not reported. ~Percentages related to the EFSA and IOM Al have been calculated as average (data of TWI by gender are not available).
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intake in 2001-2002 there has been an important decline in calor-
ic beverage consumption in both, the United States and Mexico 
(21,22). A great advantage of the NHNS 2012 is that this survey 
collected very detailed information on plain water consumption. 
However, this study had several limitations. It is a cross-sectional 
observational dataset, and the analysis used self-reported intake 
data, which may be affected by measurement error. Furthermore, 
the estimates were based on a single 24-h dietary recall; there-
fore, it may not reflect usual intake or represent the general bev-
erage consumption patterns for the respondents. Despite these 
limitations, these datasets are the most comprehensive nationally 
representative data for studying dietary intake in the Mexican 
population in the last decade (9). 

Regarding the US study, the analyses had some limitations. 
The NHANES data are based on self-reports and are subject to 
random and systematic reporting errors. Each of the two dietary 
recall days used different methods to collect the data, which 
may introduce bias into the estimate of water consumption (15). 
However, the large sample of the survey helps minimize potential 
biases of the study.

Concerning the Spain survey, the ANIBES study had several 
methodological strengths supporting its findings. The use of a 
3-day consecutive period was continuously supported by a toll-
free telephone number attended by call center-trained operators 
in order to answer any questions about the software, use of the 
device, food and beverage record, etc. This careful data collec-
tion method is more likely to capture the habitual ingestion of 
fluids than other methods used in previously published studies. 
In summary, the study included a careful design, protocol, meth-
odology and employed the highest quality of trendy technology. 
We do recognize, however, that the study was also subject to 
few limitations. The possibility of bias in self-reported data is 
always present, but the large sample collected spreads across 
age, socio-economic level and geographic region, and greatly 
reduces the possibility of systematic biases across the whole 
sample. The study was carried out in the months that represent 
the transition from summer to autumn seasons (September to 
November). Season variability is one of the conditions to take 
into account when the evaluation of the hydration status is per-
formed, so it is also the use of hydration biomarkers that would 
allow assessment of dietary beverage intake and hydration status 
without the bias of self-reported dietary intake as well as intra-in-
dividual variability (18). 

DISCUSSION

The current analysis shows that, in general, American and 
Mexican population had higher values of energy intake from food 
and beverages. Results obtained from the Spanish study show 
significantly low values of aTWI for the overall population, but even 
more alarming in the case of males. Only 12% of men, in contrast 
with 21% of women, do satisfy the EFSA criterion. Even less reach 
the IOM criterion, with higher recommended values for daily intake 
(3.7 l/day for men and 2.7 l/day for women). 

In the American study, almost 60% of the population reaches the 
recommended intake of the IOM criterion. However, available data 
does not allow to calculate which percentage reaches the EFSA 
criterion, it can only be assumed as a higher percentage. Data from 
the Mexican study neither allows calculations for the IOM nor for 
the EFSA, but it must be taken into account that the ratio of TWI 
as ml/kcal was higher than 1 in both, the American and Mexican 
studies, meaning intake was adequate in broad terms.

The present study raises some questions: a) firstly, how is it 
possible that the studies’ results show such remarkable differ-
ences between the amount of food and beverage intake? Is it 
the methodology used in each study the cause of the different 
values obtained?; b) secondly, why the recommendations of the 
EFSA and the IOM are so different? Below these values a person 
becomes dehydrated?; and finally, c) does an “ideal” pattern of 
daily liquid intake really exist?

a) � Dietary assessment methodologies have different limitations 
and advantages (23). One of the most frequent limitations is 
under-reporting. Even with currently available technologies 
which allow real-time tracking, until now, there is no single 
method capable of measuring with perfect accuracy the intake 
of any nutrient (24).  In the case of water consumption there 
is an additional issue to take into account: it is well know that 
approximately 20% of the total water intake comes from food, 
while the remaining 80% comes from fluids. Then, it is nec-
essary to calculate the amount of water that food and drinks 
contribute to daily water intake. Unfortunately, the amount 
of water in food is not always available at food composition 
tables. The focus on water intake is relatively new, and there-
fore, the science needed for robust methodologies are poorly 
developed (25). While there is no consensus on how to assess 
water intake in health, it is essential that surveys develop and 
use fluid-specific methodologies. Until recently, water intake 
was not always considered as important in population surveys. 
Undoubtedly, with increasing interest in intake of all fluids, 
including water, this is gradually changing so that all fluids, 
including tap water, are recorded. Data collection of intake 
and hydration status is an essential step in understanding the 
relationship between hydration and health. Biomarkers are 
increasingly being used in population surveys. Even though 
they are expensive and require ethical approval, biomarkers 
combined with intake data provide valuable information that is 
needed to set and evaluate public health policy (4,26).

b) � If we consider that recommendations of water consumption 
or “adequate intake” is based on quantitative surveys of food 
and beverage consumption, it is easy to understand that 
they are not always sufficiently well suited for populations, 
even less if we consider different physiological states. The 
EFSA AI was based on the desirable values of urine osmolal-
ity and the observed intake data of population surveys from 
13 European countries. On average, the intakes varied from 
720 ml/day in Hungary to over 2,621 ml/day in Denmark 
(1). Countries of similar climate and cultural backgrounds 
showed very diverse TWI and patterns of the types of bev-
erages consumed. This disparity throughout Europe cannot 
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be explained solely by the population characteristics or the 
environmental differences. A great part of these differences 
derived from the methodology used in the studies (4,27). 
The population intake data used by IOM are a single dataset 
that uses the same methodology. The current recommenda-
tion in the United States was established based on experi-
mental criteria of electrolyte balance. Although they do not 
set a limit for daily intake, these proposed values could be 
excessive, so caution is advisable.
In addition, it is important to consider that both, the EFSA 
and IOM recommendations included water from food and 
beverages. In adults, food contribution to the TWI represents 
20% to 30%. However, the overall percentage of water from 
foods varies between countries, seasons and food types or 
dietary patterns. Diets rich in fruits, vegetables and soups 
provide greater amounts of liquid than other types of diet. 
Furthermore, while the AI values established provide some 
benchmark in evaluating water intake, the proportions below 
this value should be interpreted cautiously. The use of bio-
markers to evaluate hydration status at the population-level 
should be a priority (15).

c) � Overall, data Available at the literature on beverage con-
sumption pattern is scarce. Although fluid requirements vary 
widely among individuals and population (2,6), the Spanish 
Society of Community Nutrition (SENC) (28) made a Healthy 

Hydration Pyramid (Fig. 1) to be used as a guide for water 
intake to Spanish population. It is a practical and conve-
nient tool that sets the recommendation in a simple and 
didactic way. They divide beverages into five groups: group 
1 included mineral water, spring water or tap water with 
low salt content; group 2 included mineral or tap water with 
higher salt content, soft drinks non sugar/non-caloric, tea or 
coffee without sugar; group 3 included beverages with some 
calorie and nutrient content of interest, natural fruit juices, 
vegetable juices (tomato, gazpacho) and stews, milk or low-
fat dairy products with or without sugar, alcohol-free beer, 
sports drinks, tea or coffee with sugar; group 4 included 
carbonated soft drinks not sweetened with sugar or fruc-
tose; and group 5 included low graduation alcoholic drinks. 
Although they are not included in the pyramid, moderate 
consumption is allowed.

CONCLUSION

The difference between EFSA and IOM recommendations is 
considerably large in terms of TWI. Although both of them include 
the water contained in food and both have their strengths and 
weaknesses, there is a notable difference of nearly 50% between 
European recommended values when compared to those of the 

Figure 1. 
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US. Therefore, it is impossible that percentages of an individual or 
a given group or population can meet one criteria without under-
achieving or, in due case, exceeding the other.

However, although there is great variability in global reference 
values, the recommendations for aTWI may help to establish pub-
lic health policies and programs oriented to promote adoption of 
healthy life styles. 

The human body is able to adapt to a wide variety of fluid loss-
es, thanks to the wide ranges of urine osmolarity that the kidneys 
are able to achieve homeostatic regulation. However, unfortunate-
ly, so far there are not enough studies focused on the amount of 
water needed to prevent disease or improve health. More scientific 
evidence is required for the production of better defined water 
intake recommendations in the future as well as more studies 
looking at beverage consumption in different settings. 
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