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Abstract

Purpose To compare total fluid intake (TFI), defined as
the sum of water and all other fluid types, assessed with a
24-h dietary (food and fluid) recall with mean TFI assessed
with a 7-day fluid-specific record among adolescents and
adults.

Methods This repeated cross-sectional study compared
TFI as assessed by two fluid assessment instruments using
a crossover approach. 290 adolescents (17.3 £ 0.8 years,
50 % boys) and 289 adults (43 £ 9.3 years, 50 % men)
from Indonesia completed the study.

Results  Significant correlations were observed between
fluid intake assessed with the 24-h recall and the 7-day
fluid record (r = 0.333; p < 0.001). The Bland—Altman
method, however, showed an underestimation (bias) of
mean TFI by a 24-h recall when compared with the 7-day
fluid record [mean difference (95 % CI) —382 mL (—299,
—465); p < 0.001]. The mean difference also increased with
increasing TFI: Mean difference for the lowest and highest
quartiles of TFI was 139 versus —1265 mL/day. The 7-day
fluid record recorded two (95 % CI —1.9, —2.4; p < 0.0001)
extra drinking acts compared with the 24-h recall, whereas
the mean volume per drinking act was significantly higher
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with the 24-h recall [mean difference (95 % CI) 39 mL (31,
47); p <0.001].

Conclusion Compared with a 7-day fluid record, a 24-h
dietary recall significantly underestimated TFI. Subjects
recalled two less drinking acts, while estimating the vol-
ume consumed per drinking act to be larger. Since the
adequate intakes for total water intake are based on median
intakes observed in national surveys that most frequently
used the 24-h recall method, they may potentially be
underestimated.

Keywords Water intake - Total fluid intake - 7-day fluid
record - 24-h dietary recall - Indonesia

Introduction

It is widely known that the composition of the human body
is mainly water, and that water is vital for normal body
function [1, 2]. Water also plays a role in the maintenance
of normal thermoregulation and normal physical and cog-
nitive functions [3]. Therefore, the Indonesian Food and
Nutrition Conference 2012 (Widyakarya Nasional Pangan
dan Gizi 2012) set adequate total daily water intake recom-
mendations (RDI) for adolescent aged 16—18 years at 2.1 L/
day for girls and 2.2 L/day for boys, while for adults aged
19—64 years, consuming 2.3 and 2.5-2.6 L/day was recom-
mended for women and men, respectively [4]. The intake
of the nutrient water is provided by both foods and fluids
(drinking water and beverages of all kind), but mainly by
fluids (approximately 80 %).

Surveying populations once recommendations have been
made, allows establishing whether or not the recommen-
dations are being met. However, although it is essential to
measure water intake from both foods and beverages, until
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now, no dietary methods have been validated to accurately
and precisely estimate total water or total fluid intake (TFI)
[1]. Since all instruments have specific limitations, the
results obtained from the same respondents, but with differ-
ent instruments, can vary [5]. This may lead to inconsistent
conclusions and make comparisons between surveys using
different instruments difficult, if not invalid. Therefore, it
would be valuable to compare and determine the difference
in TFI measured with frequently used methods. A 24-h
recall record is a retrospective method that assesses what
the respondent consumed during the previous 24 h. It is a
relatively quick and inexpensive method, and therefore, it is
commonly used in epidemiological surveys. However, this
method tends to overestimate “healthy intakes” and under-
estimate “unhealthy” intakes as intakes are self-reported;
in addition, it does not take into account the variability
in intakes [5]. On the contrary, a dietary record is a pro-
spective method usually recording the intakes over several
consecutive days. Even though this instrument is resource-
intensive, time-consuming, and can be a burden on some
subjects, it is considered to provide relatively accurate data
concerning intake of food and nutrients [6]. Consequently,
a 7-day dietary record is used as a criterion method, and
as such, other nutrition assessment methods are often com-
pared with it [6]. Recently, a dietary record has been devel-
oped to specifically estimate fluid intake over 7 consecutive
days in several cross-sectional surveys in different coun-
tries from different continents [7, 8]. The aim of the present
study was to compare habitual TFI assessed with this 7-day
fluid-specific record and with a 24-h dietary recall among
apparently healthy Indonesian adolescents (16-18 years)
and adults (19-64 years).

Methods

Study design

A crossover study design was used to assess fluid intake
of the subjects using 24-h recall and 7-day records as

shown in Fig. 1; a washout period of 7 days was incorpo-
rated into the study design. After screening for inclusion

24h recall

Do 50%

Adolescent (16 — 18 years) 1. Enrollment
Adult (19 — 64 years) T 2. Collection baseline data

3. Randomization
50%

Screening for inclusion
and exclusion criteria
(D-2 until DO)

and exclusion criteria, eligible subjects were enrolled, and
data on their sociodemographic characteristics and medi-
cal history were collected. Physical and anthropometry
assessments were also taken. Subjects were randomly
assigned to one of the two groups using concealed enve-
lopes. Group 1 started on day 1 with the 24-h recall fol-
lowed by 7 days of washout period and consequently
started on study day 9 with the 7-day fluid diary. The sec-
ond group started on day 1 with the 7-day fluid record,
on day 8 with the washout period, and finished on day 15
with the 24-h dietary recall. Subjects were requested to
keep their habitual food and fluid intake throughout the
study period of 15 days.

After explaining the study protocol to all subjects, a
written informed consent was obtained. The study was
approved on April 17, 2012 by the Ethics Committee of the
Faculty of Medicine, Universitas Indonesia (number 151/
PTO02.FK/ETIK/2012).

Subjects

Two age groups were defined: adolescents aged
16—18 years and adults aged 19—64 years. The study aimed
to recruit 300 subjects per age group and 60 subjects per
municipality. The municipalities were selected in five areas
of Jakarta (North, West, Central, East, and South Jakarta),
and from each municipality, one primary health center
(Puskesmas) was selected to be the study center. Each pri-
mary health center identified households that contained at
least one adolescent and one adult living together. From
these households, all eligible subjects were recruited until
the target sample size of this study was reached. Study
inclusion criteria were female and male individuals aged
16-64 years, who were apparently healthy based upon a
physical examination performed by a physician. Addi-
tionally, the subjects had to be resident in the study area
for at least 1 year and had to be of middle-level socioeco-
nomic status (B and C based on AC Nielsen criteria [9]).
Pregnant women, lactating women, subjects with special
dietary restrictions, and subjects who were illiterate and/or
had difficulties to communicate orally were not eligible for
recruitment.

wash out period 7 day fluid record

D8 D9 D10 D11 D12 D13 D14 D15

7 day fluid record wash out period

24h recall

Fig. 1 Study with crossover design to assess fluid intake of adolescents and adults with a 24-h dietary recall and a 7-day fluid record
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Intake assessment methods
24-h dietary recall

Trained nutritionists visited the subjects at home to
recall their food and fluid intake during the previous
24-h period. The face-to-face interview was done in four
stages. During the first phase, the interviewer obtained
a complete list of all foods and beverages consumed the
previous day, followed in the immediate second phase
by a detailed description of each food and beverage con-
sumed, including cooking methods and brand name. In
the third phase, estimates of the amount of each food and
beverage item consumed were recorded. Photographs,
household utensils, or food models were used as mem-
ory aids to assess portion sizes. In the fourth pass, the
interviewer repeated all detailed food and beverage items
recorded to ensure completeness. Only the data on fluid
intake, defined as the intake (in mL) of water and all
other beverages, were extracted from the 24-h recall for
this analysis.

7-day fluid record

A trained nutritionist delivered and explained the fluid
record to the subjects during a face-to-face interview in
their homes. Each day, the same nutritionist visited the
subject at home to collect the fluid record of the previ-
ous day and to provide a new record for the next day.
The aim of these daily home visits was to maintain a
high participation rate and to avoid subjects copying the
previous day’s data into the next-day record. In total, 30
trained nutritionists were involved in the data collection.
Each nutritionist was responsible for visiting a maxi-
mum of five households or 10 subjects during the same
period.

The fluid record was structured to collect the follow-
ing detailed information on each drinking act in open
spaces on the record: the hour of consumption, the type
of fluid, the brand of fluid, the volume of the recipient
from which the volume was consumed, and the volume
actually consumed. For these variables, no answers were
proposed to the subjects. For the last two variables,
the temperature of the fluid and the location where the
drinking act took place, the answers were predefined for
the subjects. The temperature at which the fluid was con-
sumed could be: chilled with ice cubes, chilled without
ice cubes, warm, or at room temperature. The predefined
locations were at home, the office, school/college, a res-
taurant or canteen, or other location. To assist the sub-
jects in estimating the consumed volumes, the records
were supported by a photographic booklet of standard
containers of fluids.

Classification of fluid types

All fluids recorded by the 24-h dietary recall and the 7-day
fluid record were classified accordingly: water (bottled
water and boiled water), hot beverages (coffee and tea),
milk and derivatives, soft drinks (carbonated and non-
carbonated sugar-sweetened drinks, carbonated and non-
carbonated non-calorically sweetened drinks, ice-based,
coconut-based, chocolate-based, and fruit- and vegetable-
based drinks), and other beverages (traditional drinks,
cereal drinks, herbal drink, soy bean milk, others). TFI was
established by the sum of all these categories. Any addition
(e.g., sugar) to a fluid was not taken into account during the
fluid classification. A drinking act was defined as any act of
consumption of any fluid type at any time of the day. Mean
volume per drinking act was calculated by dividing TFI by
the number of drinking acts.

Data management and analysis

Data were recorded daily using specific forms, then
checked, coded, and entered into spreadsheets (SPSS ver-
sion 20, SPSS Inc., Chicago, IL). Subjects reporting a
mean total daily fluid intake below 0.4 L/day or higher than
6 L/day, as well as subjects not completing all 7 days of
the 7-day fluid record were excluded from the analysis.
The null hypothesis to test was that both assessment meth-
ods did not result in a different TFI (i.e., zero difference),
assuming that each individual ate and drank the same
way throughout the study period. Within-person intakes
of fluids were compared using a general linear model for
repeated measured data and Spearman rank correlation test.
The Bland—Altman method was used to assess the agree-
ment between the results obtained with both instruments
[10]. For each subject, the following values were calculated
based on TFI obtained by the 24-h dietary recall and the
7-day fluid record: difference in TFI between both methods
(formula 1) and mean TFI for both methods (formula 2).
The limits of agreement (LOA, formula 3) were calculated
for the total study sample, the adolescent and the adult
sample.

Differencepoth methods = TFI24h recatl — TFI7 day fluid record €))]

Mean differencepoth methods = (TFIZ4h recall — T F17 day fluid record) / 2

2

LOA = mean differencepoth methods £ 1.96 X SDdifference

3)
with SD gigrerence Deing the standard deviation of the differ-
ence in TFI of both methods.

The Bland—Altman index (%) was calculated as a per-
centage of intakes beyond LOA. Good reproducibility of
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Assessed for eligibility:

n =606

.| Excluded for not meeting inclusion
v criteria, n=5

Randomized subjects

n=601

Adolescents 16-18yr
n= 298
T
7-day record
n= 296
24h Recall
n= 296

Data cleaning
Excluded for analysis

n=8
Final sample:
n=290
Fig. 2 Diagram flow of the study
Table 1 Baseline characteristics of subjects
Variables Adolescents Adults
n =290 n =289
Gender (male/female) 141 (50)/149 (50) 142 (50)/147 (50)
Age (years) 17.3 (0.8) 43.0 (9.3)
Body mass index (BMI) 20.5 (4.0) 25.0 (4.6)
(kg/mz)
BMI classification®
Thinness 48 (17) 18 (6)
Normal 199 (69) 77 (27)
Overweight 28 (10) 59 (20)
Obese 15(5) 135 (47)

Data are presented as mean (SD) or n (%)

* Body mass index classification following WHO guidelines [31]

the measurement is proven by a minimum of 95 % dif-
ference within the £2SD limits, which corresponds to a
Bland-Altman index of no more than 5 %. Additionally, a
relative agreement between both dietary methods was also
assessed as follows: The TFI obtained with both records
was used to classify an individual into adequacy percent-
age categories (<50, 50-75, 75-100 or >100 % of RDI
for water) of achievement of the Indonesian recommended
water intake [4]. Then, a cross-classification was performed
to estimate the percentage of subjects classified by the two
methods into the same category (agreement), the same plus
adjacent category (classified into the same or adjacent cat-
egory), classified two categories apart (disagreement), and
classified into extreme categories (extreme disagreement).

@ Springer
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Adults 19-64yr
n= 303
T
7-day record
n= 301
24h Recall
n= 300

Data cleaning
Excluded for analysis

n=4

Final sample:
n= 289

A probability (p) value of <0.05 was considered statisti-
cally significant.

Results

The subject flow is presented in Fig. 2. Of the 606 eligi-
ble subjects, five subjects were not enrolled as they did not
meet the inclusion criteria. Of the 298 adolescent subjects,
296 (99 %) completed the 7-day consecutive fluid record
and 24-h dietary recall. Among the 303 adult subjects, 301
(99 %) completed both the 7-day consecutive fluid record
and 24-h dietary recall. The self-reported baseline demo-
graphic characteristics of the final study are shown in
Table 1. No significant gender differences in baseline char-
acteristics were observed (data not shown).

Mean TFI estimated with the 24-h dietary recall, mean
TFI of the seven individual days, and the mean TFI across
the 7 days estimated with the 7-day fluid record are pre-
sented in Table 2. Mean TFI showed a wide range for both
methods: 500-5440 mL/day for the 24-h recall and 586—
5979 mL/day for the 7-day record. The day-to-day fluid
intake varied by approximately 50 mL in the 7-day con-
secutive fluid record data but was not shown to be signifi-
cant according to the repeated measures GLM multivariate
statistical test. Figure 3 presents the contribution of the dif-
ferent fluid types to TFIL. The contribution of the different
beverage types to TFI estimated by both instruments was
comparable for both adolescents and adults.

The mean TFI of the total sample estimated with the
7-day fluid record was significantly higher than TFI
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Table 2 Total fluid intake estimated with the 24-h dietary recall and the 7-day fluid record stratified by age group (mL/day)

Adolescents Adults
n =290 n =289
Mean SD Percentiles Mean SD Percentiles
5 25 50 75 95 5 25 50 75 95
24-h dietary recall 1982 786 890 1400 1850 2500 3545 2164 931 960 1440 1900 2760 3793
7-day fluid record
Day 1 2362 1003 1106 1665 2195 2803 4264 2546 1008 1200 1885 2345 3080 4643
Day 2 2414 1026 1113 1760 2215 2928 4367 2534 1022 1203 1785 2380 3075 4460
Day 3 2375 994 1000 1658 2248 2928 4032 2563 991 1170 1900 2410 3110 4395
Day 4 2377 923 1091 1700 2278 2858 4080 2508 1034 1180 1803 2310 3015 4665
Day 5 2392 1017 1000 1688 2200 2945 4318 2523 968 1200 1845 2330 3000 4340
Day 6 2427 1074 1100 1729 2245 2870 4500 2539 961 1200 1828 2400 3120 4400
Day 7 2398 1010 1100 1750 2240 2825 4114 2490 946 1200 1865 2360 2960 4335
Mean 2392 855 1219 1847 2247 2804 4000 2529 864 1366 1959 2334 3068 4141
Fig. 3 Contribution (%) of B Water H Milk and derivates Hot beverages M Soft drinks M Other Beverages
the different beverage types to
total fluid intake according to % “ “ — A Ly

the assessment method (24-h
dietary recall vs. 7-day fluid
record) and age group

15% 16%

11% 13% 19% 18%

24h recall 7-day record

Total sample

estimated by 24-h dietary recall [mean difference (bias)
382 mL/day; p < 0.0001] (Table 3). This was observed for
both adolescents and adults (Table 3). Furthermore, two
extra drinking acts were reported for the 7-day fluid record
compared with the 24-h dietary recall. The estimated vol-
ume consumed per drinking act was higher for the 24-h
dietary recall than with the 7-day fluid record.

A Bland-Altman plot for mean TFI recorded with the
24-h dietary recall and 7-day fluid record is presented in
Fig. 4. Poor agreement between the two methods was
observed as 11 % of intakes were outside of the limits
of agreement. Moreover, Fig. 4 shows that the mean dif-
ference in TFI between both instruments increased with
higher mean TFI. The total sample was therefore divided
into quartiles based on mean TFI obtained with the 7-day

24h recall

24h recall 7-day record 7-day record

Adolescents Adults

fluid diary, and the mean difference in TFI recorded with
the two instruments was calculated per quartile. For the
lowest quartile of TFI, TFI was higher with the 24-h recall
(+139 mL/day) than with the 7-day record. For subjects
in the highest quartile of TFI, the mean difference in TFI
increased to —1265 mL/day, with the 24-h recall underesti-
mating the TFI compared with the 7-day fluid record.

The Spearman rank correlation test showed a significant
correlation between the fluid intake data estimated with the
7-day consecutive fluid record and the 24-h dietary recall
(r =0.333; p <0.001) (Table 3). This correlation was inde-
pendent of age group (adolescents r = 0.326; p < 0.001;
adults r = 0.279; p < 0.001).

Table 4 reports the proportion of subjects adhering
to the Indonesian recommendation on water intake. The
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z g cross-classification of the adequacy percentage catego-
;-3 ?é 8§ . = ries of mean TFI estimated with both instruments revealed
2 = g Te_g 332 8 that 53 % of subjects in the total sample were classified
2z g O A into categories of exact agreement; 83 % of subjects were
2 . classified into categories of exact agreement plus adjacent.
§ i o The percentage of subjects classified into categories of
2 “é i (\‘1 dlsagre.ement and extreme disagreement were 13 and 4 %,
E _‘é é o_o é 2 § respectively.
ZE|c89L V3 S
k=]
S 2 ~ Discussion
Z) 52 % E g“ - O‘ = . = The aim of this s.tudy W?.S to compare habitual TFI assessed
é 2 g E 3 § pal 3‘ g5 g with a 7-day fluid-specific record an<.i a 24-h dietary recall
SltslEs|aa - Ve v among apparently healthy Indonesian adolescents (16—
?} 18 years) and adults (19-64 years). The results indicated
% g that, at group level, the 24-h dietary recall significantly
2 £ — § S « > underestimated TFI compared with the 7-day fluid record,
; § é § % = 6 % g % and that there was poor agreement between both methods.
§ There are several possible explanations for the differ-
E S ences in TFI at group level estimated with the two meth-
= = @ ods. Firstly, the 7-day fluid record is a prospective method,
'; qé i c? whereas a 24-h dietary recall is a retrospective method that
% éé — °j é Q é depends on respondents’ memory, recall, and conceptu-
& ZElSS9L T8 9 alization abilities. The underestimation by the 24-h recall
ﬁ) 9 compared with the 7-day fluid diary might thus be due to
2. g > subjects not recalling some drinking acts. This hypoth-
;§ :E - 'g = ik esis is supported by the current results showing two exFra
g % a ‘; § oo 2 § Se S drinking acts with the 7-day fluid record compared with
2 lEElE2a T S 2 S the 24-h recall. A second explanation could be linked to the
= specificity of the instruments: With the 24-h dietary recall,
z both foods and fluids were recorded; therefore, subjects
g 5 B might have focused on their food and fluid intake at meal
g E _ 5§ sz ~ = g time. Depending on the country, fluids are more frequently
g’ § g L o e5 8 § consumed outside of meals [11]; thus, drinking acts out-
o™ Sl ve s side of meals may have been overlooked during the 24-h
g = § recall. However, it is not possible to verify this hypothesis
'5 B < § because information was not collected on the intake occa-
? § ;o q _ | £ sion (within or outside meals) at which the two extra drink-
é '% = — o O o g3 8 ; ing acts were recorded with the 7-day fluid diary. A third
2 zE5|lsws 1L Vs V| z possible explanation for the difference in TFI is the fact that
§ P '% the 7-day fluid record takes into account TFI across 7 days,
. = a o whereas a 24-h recall does not. Given that no day-to-day
% é« :—g _ § § variability was observed with the 7-day fluid diary, this is
E E E GE ‘§ e S« 3 & unlikely to be the cause for the difference in TFI of both
E ;5“ l § ’é § E % i % § % § methods. Moreover, as shown in Table 2, the difference in
E = = : E TFI between the 24-h recall and any day of the 7-day fluid
S _ g = record was comparable to the difference in TFI between the
fg § g 2% 3 ~ % 24-h recall and the mean of the 7 days of the fluid record.
‘§ :% E %: §g s This means that the intake of a group estimated by the
. *5‘3 E £ :' % ® § g g 24-h recall cannot be used/interpreted as the intake on any
j; 2 Ey g 53 73 g g TE E given day. A last poss1ble explanation for the? dlffer.enc.e.ln
= LA aa alA TFI between both instruments could be a social desirability
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Fig. 4 Bland-Altman plots to assess agreement between the 24-h
dietary recall (24hR) and the 7-day fluid record (FR) for total fluid
intake in the total sample. Each dot represents one subject participat-
ing in the study. The red line represents the mean difference (bias),
and the dotted lines represent £2SD from the mean (limits of agree-
ment). The solid line is equal to 0, which indicates absolute agree-
ment between 24hR and FR

bias. When performing the 24-h recall, the subject was face
to face with a nutritionist and might have over- or under-
reported their TFI or intake of a certain fluid type (e.g.,
overestimated the intake of a “healthy” fluid and underesti-
mated the intake of an “unhealthy” drink) to meet a socially
desired health standard. The over- or underestimating of a
certain fluid type was, however, considered to be unlikely
as the subjects consumed 75-76 % of their TFI as water.
Moreover, the contribution of the different fluid types to
TFI was comparable between both methods. An over- or
underreporting of the volume consumed was likely as the
volume per drinking act significantly differed between both
methods, with a higher volume per drink act observed with
the 24-h recall. These observations suggest that (1) with a

24-h recall, subjects recall two drinking acts less than with
a 7-day fluid record, but they estimated their volume con-
sumed per drinking act to be larger and (2) a 24-h recall
seems to be an acceptable method if the aim was to describe
the contribution (in %) of different fluids to TFI of a group.
The latter observation should, however, be confirmed in a
sample with a more diverse fluid intake pattern than the one
of this Indonesian sample (75-76 % of TFI was water).

Despite the disagreement in TFI measured with both
instruments, the TFI data of the 24-h recall and TFI of
7-day fluid record were significantly correlated. Yet,
according to the Dancey and Reidy’s [12] categorization,
the correlations were weak to moderate. Additionally, a
correlation coefficient measures the strength of a relation
between two variables, not the agreement between them
[10]. During the interpretation of the results, importance is
therefore mainly given to the Bland—Altman method, which
is recommended as the preferred method for the compari-
son of measurement or assessment methods [13].

Some limitations of the study need to be acknowledged.
Since both instruments were compared in the absence of an
objective biomarker of TFI, this is a relative comparison.
In nutrition however, when different instruments are com-
pared, a 7-day dietary record is frequently used as the refer-
ence method [6, 14]. Since the 7-day dietary record in this
study was specifically focusing on fluids, the assumption
was made that the accuracy and specificity for recording of
TFI were even higher than the standard dietary (food and
fluid) record. The high prevalence of obesity observed in
the adult population might also be a limitation, since the
adult sample might not be representative of the whole Indo-
nesian adult population. It is known that obese subjects sig-
nificantly underestimate intakes, and therefore, this could
potentially have affected the results [15, 16]. However, the
possible effect on reporting due to the high prevalence of
obesity was minimized by the crossover study design, in
which each subject is his own control. A third limitation
is related to the habitual intake of different fluid types in
Indonesia. The subjects included in this study, but also

Table 4 Proportion of subjects by adequacy percentage categories achieving the Indonesian recommendation on fluid intake (80 % of the rec-
ommendation of total water intake), based on total fluid intake estimated with a 24-h dietary recall and a 7-day fluid record

Adequacy percentage 24-hour dietary recall

categories based data of:

7-d Fluid record <50% 50-75% 75-100% >100% Total

<50% 1(0.2) 1(0.2) 4(0.7)

50 -75% 4(0.7) 5(0.9) 10 (1.7) 33(5.7)
75-100% 6 (1.0) 24 (4.1) 33 (5.7) 91 (15.7)
>100% 60 (10.4) 107 (18.5) 457 (77.9)
Total 29 (5.0) 99 (17.1) 141 (24.4) | 310(53.5) | 579 (100.0)

Data presented as n (%). Cells were colored dark green if the classification between instruments was in exact agreement, light green if classified
into adjacent category, orange if classified two categories apart (disagreement between both instruments), and red if classified into extreme cat-

egories (extreme disagreement between instruments)
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adolescents and adults participating in another survey in
Indonesia [17, 18], appeared to consume mainly water. The
other fluids contributed only a small amount to TFI. There-
fore, differences in reporting of certain fluid types other
than water might not be detectable in this study. Addi-
tionally, the statistical model did not account for periods,
sequence, and clustering by community and household.
However, the effect of period was controlled for by rand-
omization at group level. No or minimal period effect (or
carryover effect) was anticipated as subjects were requested
to keep their habitual food and fluid intakes. A last limita-
tion to acknowledge is that food intake was not controlled
over the study period. Since food intake can influence fluid
intake [19], the possibility remains that fluid intake at indi-
vidual level differed by study week due to a different food
intake. Subjects were, however, requested not to change
their food intake during the study period.

This study also had several strengths. Firstly, a large
sample was recruited, with an equal distribution of gen-
der and an equal coverage of both age groups. Moreover,
the study was completed with a high compliance rate (i.e.,
>80 %). The crossover approach is a second strength to
highlight. This enabled a pairwise comparison between
both instruments, but it also allows to conclude that the
systematically higher fluid intake estimated with the 7-day
fluid record is not due the nutritionists improving their
interview skills or participants learning over time to report
more fluid intake. A third strength worthy of mentioning
is the use of the Bland—Altman method for data analysis,
which is the most recommended validation procedure [10,
13]. This analysis can indicate whether two measurement
techniques agree sufficiently to be interchanged [10]. The
results of this study indicated that a 24-h dietary recall can-
not replace a 7-day fluid diary.

The results of this study have implications in several con-
texts. The current recommendations on total water intake
in Indonesia, but also in the USA defined by the Institute
of Medicine, are adequate intakes based solely on median
observed intakes [4, 20]. The dietary reference values for total
water intake set by the European Food Safety Authority are
also adequate intakes based on observed intakes, although
other factors including achievable or desirable urine osmolal-
ity were also considered [21]. These observed intakes were
derived from population surveys in which 24-h recall was
used most frequently [22]. The current results suggest that
the observed intakes and consequently also the recommended
adequate intakes of total water might be underestimated.
Additionally, the outcomes of an evaluation of adequacy of
total water intake might differ substantially depending on the
instrument used, as shown by the results of the cross-classi-
fication. The 24-h dietary recall indicated that 24 % of the
subjects did not reach 75 % of the water recommendation,
whereas the 7-day fluid record estimated this proportion to
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be 17 %. The implication of this different adequacy evalua-
tion depends on the fluid type involved. In the case of water
intake, a 24-h dietary recall might overestimate the number
of individuals at risk for a negative health impact associated
with a low water intake (e.g., chronic kidney disease, or new-
onset hyperglycemia) [23, 24]. This, however, does not neces-
sarily have negative consequences; an individual with a low
water intake will be recommended to drink more, preferably
water, and this has been shown to be beneficial for health [23,
25, 26]. In the case of other beverages such as soft drinks, a
24-h recall may overestimate the number of individuals with a
low consumption or underestimate the number of individuals
with a high consumption. Consequently, the size of the risks
associated with an excessive soft drink consumption such as
weight gain [27], development of metabolic syndrome [28],
type 2 diabetes [29], or other health problems [30] may be
underestimated by surveys using 24-h recalls.

Conclusion

When compared with a 7-day fluid record, a 24-h dietary
recall significantly underestimated TFI with the difference
between TFI assessed with these two instruments increased
with increasing mean TFI. Both instruments showed disa-
greement in 23 % of the study population on the classifi-
cation of the adequacy of their water intake. These results
suggest that the evaluation of the public health risk associ-
ated with inadequate or over consumption of different types
of fluids based on 24-h recall data may not be accurate, and
that the adequate intake for total water (currently based on
24-h intakes) may require revision in the future.
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