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Abstract
Reliable data at population level are essential to firmly establish links between fluid intake, hydration and health, investigate dose–response relationships and develop meaningful
public health strategies or reference intake values. However,
limited research exists regarding the most appropriate methodology for assessing beverage or total fluid intake (TFI). To
date, methodologies have been developed to assess food
and nutrient intake without due consideration of water or
fluid intake behavior. A recent crossover study showed that a
24-hour food recall significantly underestimated mean TFI by
382 ml (95% CI 299–465) compared with a fluid specific 7-day
record. The authors postulated that this average difference
was mainly the result of missed drinking acts between meals
a 24-hour recall was used. Using a 7-day record administered
in paper form or on-line has also been shown to lead to a sig-
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nificantly different mean TFI of 129 ml. Therefore, the choice
of methodology might result in measurement errors that limit between-survey or between-country comparisons. Such errors may contribute to variations in estimates of TFI that cannot be explained by differences in climate, physical activity or
cultural habits. A recent survey confirmed the variation in
methodologies used in European national dietary surveys.
Since these surveys form the basis for setting adequate intakes for total water intake, measurement error between surveys should be limited, highlighting the need for the development of a consistent methodology that is validated for water and TFI estimation.
© 2016 The Author(s)
Published by S. Karger AG, Basel

Relevance of Assessment Methods for Fluid Intake

With increasing interest in the links between beverage
intake, hydration and health [1], it is important to develop accurate assessments of water and fluid intake at both
individual and population level. Without reliable intake
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Current Methodologies for Assessing TFI

Until the last decade, the research into TFI, hydration
and health mostly focused on acute dehydration in specific populations such as patients, athletes or those working in extreme hot environment. The interest in TFI of
the general population is relatively new and as a consequence, there is limited research into the most appropriate methodology to assess TFI [4], as illustrated by a recent systematic review focused on fluid intake [5]. The
methodologies used to assess intakes included single and
multiple 24-hour recalls, food frequency questionnaires
and/or food diaries. A 24-hour recall was the most frequently used method (29 out of 65 studies, 45%), 22 of
which were single 24-hour recalls. This inconsistency in
methodology also has been shown to exist in European
surveys [6]. Similarly the data consulted by the European
Food Safety Authority (EFSA) to derive dietary recommendations on total water intake [7], which was taken
from EFSA’s Comprehensive European Food Consumption Database, also involved a variety of methodologies.
There was less reliance on 24-hour recalls [8] with 7-day
dietary records being used most frequently. A wide variation of TFI exists in European surveys; for example, Italian adults have been reported to drink less than half the
volume consumed by adults in Germany (941 and 1,014
ml/day for women and men in Italy vs. 2,366 and 2,659
ml/day for German women and men, respectively) [6].
While these differences may be due to cultural habits, climate and physical activity, the heterogeneity of methodologies is likely a contributing factor.
Such variability in TFI data raise concerns about the
validity of data used for the EFSA recommendations for
adequate intake of water [7], which used data from population studies as part of TFI calculations. As a result of
these concerns Gandy et al. [unpublished data] recently
surveyed 21 European countries to look at current assess2
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ment methods of TFI in population surveys. Data from
10 countries were analyzed (11 responded but 1 reported
collecting purchasing data not intake data and was therefore not included in the analysis). The responses showed
an apparent awareness of the need to assess TFI by including specific questions on intake of water and other
fluids, and coding accordingly. While the survey by Gandy et al. [unpubl. data] did not receive responses from
exactly the same countries whose data were available to
EFSA in 2010 to set the adequate intakes for total water
intake [7], the inconsistency in the methodologies are
comparable, as shown in table 1. To facilitate comparisons of nutrient intake across Europe, EFSA recommended using 24-hour recall, on 2 non-consecutive days, as the
preferred methodology [9]. While 24-hour recall is relatively inexpensive and does not overburden participations, its suitability as the best method to use for TFI is
debatable. However, a recent crossover study involving
nearly 600 adults and adolescents showed significant differences in the estimation of TFI when a 24-hour recall
was compared to a 7-day fluid-specific diary [10]. While
there was a significant correlation between the 2 methods,
the 24-hour recall underestimated TFI by 382 ml (95% CI
299–465), when compared to the 7-day diary. In addition,
the underestimation increased with increasing intake, resulting in a mean underestimation of 1,265 ml for the
highest quartile of TFI. On average, the 7-day fluid-specific diary recorded the equivalent of 2 more drinking occasions. The authors hypothesised that these drinking occasions took place outside meals and were therefore less
likely to be included when using a 24-hour recall. Similarly Sebastian et al. [11] reported that changes in the
methodology of the WWEIA/NHANES impacted estimation of drinking water. These studies clearly demonstrate that choice of methodology may result in measurement errors that limit the interpretation of data.
All present methodologies used to assess TFI were developed to study food and nutrient intakes, without due
consideration of drinking behavior, and therefore are
usually structured around meals. In addition, they have
most often been validated for energy, not TFI. Unlike
food intake, water and other fluids are drunk throughout
the day [12]; because these fluids often do not contribute
to energy intake, they may not be recorded. The choice of
beverage or drink may vary across the day (e.g., alcohol is
more likely to be consumed in the evening [13]) and
across the week (i.e., weekday vs. weekend). The amount
of fluid drunk also will vary from day to day depending
on factors such as physical activity, environment, climate
and culture. For example, in the UK, it has been shown
Gandy/Martinez/Guelinckx/Moreno/
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data at population level, it is not possible to firmly establish these links, investigate dose–response relationships
or develop meaningful public health policies or reference
intake values. It is important to emphasize that data from
population surveys are also used for water quality and exposure studies (e.g., disinfection by-products) [2]. Currently, there is no consensus regarding the most reliable
method to assess total fluid intake (TFI, the sum of water
and all other beverages) [3]; for clarity the term TFI,
which does not include water from food, will be used in
this article.

Table 1. Overview of methodologies used in European population surveys to assess fluid intake

Methodology

EFSA [7, 8], 2010

Gandy et al. [unpublished data], 2014 [14–24]

number of additional specifications
surveys, n

number of
surveys, n

additional specifications

3

1 – with frequency questions
1 – 3 weeks apart
1 – (4–6 weeks) apart
1 – interval between recalls not specified

Estimated food diary

2

1 – 4 days with random start day
1 – 7 days

Weighed food diary

1

4 days

Single 24-hour recall

1

Repeated (×2) 24-hour recall

Repeated (×3) 24-hour recall 1

Food diary

4

Days not specified

Weighed or estimated not
specified; all 7 days

FFQ

1

Mixed methodology
2

1 – 1 × 24-hour recall + FFQ 3
1 – dietary history over
4 weeks + FFQ

1 – children – food diary; adults – 24-hour recall + FFQ
1 – adolescents – 3 days food diary; adults – repeated
24-hour recall + FFQ
1 – diet history, 2 × 24-hour recall, 3 days food diary
each applied separately to a subsample of the sample

FFQ = Food frequency questionnaire.

Assessment of Fluid Intake

Other Methodological Considerations

While the study by Bardosono et al. [10] clearly showed
that a 7-day fluid-specific diary was capable of capturing
more drinking occasions, resulting in a higher estimate of
TFI, it is important to consider factors that may affect
participant compliance and ease of recording. As a result,
there is increasing interest in the use of computerized and
on-line technologies. The impact of such technologies on
TFI recording has been investigated in a recent cross-over
study, in which an online 7-day food record was compared with a paper version [30]. Reported water intake
from fluids was significantly higher when using the online version compared with the paper version (1,348 ± 36
vs. 1,219 ± 34 ml/day, respectively). The authors postulated that this difference occurred because the online version captured more drinking events outside of meals. Interestingly, more than 75% of the 246 participants reported that they preferred using the online version.
The survey by Gandy et al. [unpubl. data] also highlighted methodological differences across Europe including the recording of dilution factors for cordials, powders
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that TFI and alcoholic beverage intake was higher during
weekends, especially amongst adult men [13]. Therefore,
a diary or 24-hour recall structured around meals is likely to underestimate total water intake because they do not
capture all drinking events.
The methodologies used to assess food and nutrition
are validated against a particular nutrient. For example,
UK’s National Diet and Nutrition Survey is validated for
energy [25]; however, to date, no published methodologies have been validated for water or TFI [3]. This was
confirmed by the recent European survey by Gandy et al.
[unpubl. data], described above. It is essential that a methodology be developed which captures all drinking events
and is validated against a reference standard such as deuterium dilution. When accomplished, this method will reduce measurement error, facilitate interpretation of data
and allow valid comparisons between population groups
and countries. The Liq.In7 surveys aimed to address these
limitations by consistently using a harmonized survey
protocol and a 7-day fluid-specific record, in comparisons
of TFI and types of beverages consumed by children, adolescents and adults across 13 countries [26–29].

and concentrates. Two countries reported using standard
dilution factors although only one has published these
data [31]. The categorization and definition of beverage
types varied amongst the countries that responded, making comparisons between countries difficult.
Training of survey staff and participants is critical to
accurately recording the beverage type and quantity consumed. For example, ambiguities exist regarding how to
judge intake volume (i.e., with or without standard measure cups and glasses or photographs) and whether volume drunk or the volume offered is recorded. Currently,
no European survey method incorporates a marker of hydration status such as 24-hour urine osmolality [1]. Although this additional measurement would require ethical approval by a human research review board and possibly additional funding, it also would allow discovery of
new insights and relationships.

cise and valid epidemiological data. The assessment of
TFI and beverage type is challenging given the lack of
scientific evidence to support the use of any particular
methodology. In Europe, and perhaps worldwide, a variety of methodologies are used for fluid assessment,
and none has been validated for water or TFI intake
Without a validated methodology or better understanding of potential measurement errors, it is difficult to develop meaningful public health initiatives or recommendations about intake. In addition, the lack of a coordinated approach to TFI assessment has, until
recently with the Liq.In7 surveys, made comparisons between populations and groups difficult if not invalid.
Additional research is required to develop a consistent
and valid approach to the assessment of water, beverages and TFI.

Disclosure Statement
Conclusions

With increasing interest in the relationship between
the types of beverages consumed, hydration and health,
it is essential that efforts be made to collect robust, pre-
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