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Abstract

Objective: Drinking habits in children are associated with diet quality, but
validated assessment tools for large-scale studies in young children are lacking.
Therefore, we validated a self-completion 24 h recall questionnaire (RQ) focusing
on beverage consumption with a 24 h weighed record (WR).
Design: Thirty-five voluntary participants from the DONALD (Dortmund Nutri-
tional and Anthropometric Longitudinally Designed) Study cohort aged 7–9 years
completed the RQ. The illustrated RQ required ticking the number of glasses of
seven beverage categories consumed in five time intervals in the previous 24 h. As
a reference, parents completed weighed records of their child’s diet. Agreement
between the RQ and WR was tested by classification into consumers and non-
consumers (kappa coefficients, k), by the children’s ability to estimate the exact
beverage and total volume consumed (Wilcoxon signed-rank test, Spearman rank
correlation), and by ranking children according to reported beverage volumes.
Results: The RQ and WR showed a good level of agreement for classifying par-
ticipants into consumers and non-consumers of the single beverage categories
(k values between 0?78 and 0?94). Correlation coefficients for the volume of the
single categories ranged between 0?81 and 0?91. The total beverage volume was
overestimated in the RQ, on average, by 114 ml (P 5 0?015). Agreement in ranking
into tertiles by beverage volume was moderate to good for juice/soft drinks
(k 5 0?44), milk (k 5 0?57) and water (k 5 0?70), but fair for the total beverage
volume (k 5 0?23).
Conclusions: Our self-completion 24 h RQ could estimate the consumption of
several beverage categories among young children at the group level, but
quantification of total beverage volume was flawed.
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Beverages are the main fluid source for meeting water

requirements and may also contribute considerably to

energy and nutrient intakes in children(1–4). Therefore,

beverage consumption influences total diet quality(4,5) and

possibly childhood obesity, which is linked to the con-

sumption of sugar-containing beverages(6,7). Recently,

intervention studies that focused on beverage consumption

achieved beneficial effects on the body weight status of

children and adolescents by promoting water consump-

tion(8) or discouraging the consumption of soft drinks(9,10).

To investigate the long-term consequences of drinking

habits in observational studies or to test for intervention

effects, valid dietary measures are essential. However, the

assessment of dietary intake in children is challenging owing

to their limited cognitive abilities(11). Especially for large-

scale trials carried out in schools it is essential that the data

collection methods are relatively quick, cost-effective, easy

to implement and appropriate for the targeted age group.

Methods without parental involvement may decrease parti-

cipation barriers and the risk for selection bias in the sample.

Assessment tools such as the observation of meals, weighed

food records or food diaries are cost-intensive, have a high

respondent burden and require parental involvement

or trained interviewers(12), and are therefore more suited

for small-scale trials. For large-scale trials self-report ques-

tionnaires seem to be more feasible. Among these, the FFQ

is a popular method(12), although young children tend to

lack the cognitive skills to recall and quantify their usual

dietary intake over a long time period(11). Moreover, FFQ

seem to estimate children’s diet less accurately than 24h

recalls(12), which can be applied by an interviewer, via

computer or as a self-completion questionnaire.
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Many studies have evaluated beverage consumption

in children and adolescents but the number of validated

assessment tools is limited(12). To our knowledge, the

validity of exclusively self-completion tools with a focus

on beverage consumption has not been previously

investigated in elementary-school children.

For a large-scale intervention trial focused on the pre-

vention of overweight by promoting water consump-

tion(8), we developed a self-completion semi-quantitative

questionnaire based on the concept of a 24 h recall to

assess changes in the beverage consumption of elemen-

tary-school children in the classroom setting. The objec-

tive of the present study was to test the validity of this 24 h

recall questionnaire (RQ) in children aged 7 to 9 years

using a parent-completed 24 h weighed diet record (WR)

as the reference method.

Methods

Subjects

A subsample from the Dortmund Nutritional and

Anthropometric Longitudinally Designed (DONALD)

Study cohort was defined for participation. The DONALD

Study is an ongoing longitudinal (open cohort) study

established in 1985 at the Research Institute of Child

Nutrition in Dortmund, Germany. It collects information

on the nutrition, development, metabolism and health

status of subjects between infancy and early adulthood.

The regular assessments begin at 3 months of age, take

place annually from the age of 2 years onwards, and

include 3 d weighed dietary records, anthropometrics,

urine sampling, interviews on lifestyle and medical

assessments. Further details of the DONALD Study are

provided elsewhere(13).

In the present validation study, participants aged 7 to 9

years were enrolled from the DONALD Study cohort

between September 2006 and September 2008. Children

were invited for participation in the validation study at

their visit for the annual assessment. Each child could

participate once only.

The DONALD Study was approved by the Ethics Com-

mittee of the Rheinische Friedrich-Wilhelms-University,

Bonn, Germany. Parents gave written informed consent

for their child’s participation.

24 h Recall questionnaire

The RQ asked for the number of glasses of seven beverage

categories consumed at five time intervals over the pre-

vious 24h. These intervals were named: (i) this morning for

breakfast at home; (ii) this morning at school; (iii) yesterday

at supper and afterwards; (iv) yesterday between lunch and

supper; and (v) yesterday at lunchtime. Each time interval

was dealt with on a single page of the RQ. The front page

of the RQ described how to complete the questionnaire

by ticking the glasses illustrated according to the number

of glasses of each beverage category consumed. Children

could choose between full glasses, half-full glasses and

an empty glass. The beverage categories included: (i) tap

water; (ii) tea; (iii) mineral water; (iv) milk (including

milk drinks); (v) soft drinks (liquid or powdered, carbo-

nated or non-carbonated, e.g. regular and diet soft drinks,

iced tea, energy drinks, sport drinks); (vi) juices (fruit and

vegetable juices, fruit drinks, juice mixed with sparkling

water); and (vii) other beverages (e.g. coffee, drinks

the child could not categorize). The identification of the

appropriate category was facilitated by illustrations.

Figure 1 exemplarily illustrates a page of the RQ.

24 h Weighed record – reference method

The dietary assessments of the DONALD Study are carried

out using 3 d weighed dietary records on three con-

secutive days. Solely or predominantly the participants’

parents weighed and recorded foods and fluids con-

sumed, as well as leftovers, using electronic food scales,

to the nearest 1 g. Semi-quantitative recording was

allowed (e.g. number of glasses), but in 97 % of the WR

analysed in the present study more than 90 % of the food

items were weighed. For validation, only dietary data

from the 3 d recording period that corresponded to the

24 h period assessed in the RQ were included.

Data collection and coding

Children and their parents who agreed to participate

received the forms for both assessment tools, the RQ and

WR. The forms were collected by study personnel of the

DONALD Study at a visit the family’s home. Children had

to complete the RQ on the second or third day of the

annual 3 d parent-completed weighed record just before

lunchtime and preferably not on the weekend. Parents

received a short letter with instructions on how their child

should complete the RQ including definitions of the

beverage categories. They were advised to explain the

questionnaire to their child but not to interfere with their

dietary recall.

The volume of consumed beverages reported in the RQ

was converted from the glass unit into millilitres by using a

predefined factor of 200ml per glass. All beverages reported

in the WR were coded by beverage category and time

interval to match those on the RQ. The total 24h beverage

volume was calculated by summing up the seven beverage

categories. Only fourteen (40%) out of thirty-five children

ticked the empty glass to indicate that a beverage category

was not consumed. Therefore, non-consumption was

assumed even if it was not explicitly marked.

Statistical analyses

The primary outcomes of the present validation study for

measuring the agreement between the RQ and the WR as

the reference method were: (i) the ability of the RQ to

classify individuals into consumers and non-consumers

by beverage category; (ii) the ability of the RQ to estimate
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the exact beverage volume; and (iii) the ability of the RQ

to rank individuals according to beverage volume.

For the first outcome we classified individuals into con-

sumers and non-consumers over the total 24h period for

each of the seven beverage categories irrespective of the

volumes reported in the RQ and WR. The agreement

of reported consumption v. non-consumption of each

beverage category between the two methods was assessed

by designating individuals as matches (consumption or

non-consumption reported on both the RQ and WR),

omissions (consumption reported in the WR but not in the

RQ) or intrusions (consumption reported in the RQ but not

in the WR), and by calculating the kappa coefficient (k).

For assessing the second outcome, the volume (in ml)

of each beverage category and the total 24 h beverage

volume were considered. To test for systematic differ-

ences between the volumes reported in the RQ and WR,

the Wilcoxon signed-rank test was used. To assess the

association between the volumes reported in the two

methods, the Spearman rank correlation coefficient (r)

was used. To reveal the quantitative agreement between

the RQ and the WR across the range of total 24 h beverage

volume, the Bland–Altman plot was used(14). The differ-

ence between the RQ and WR was plotted against the

average of the two methods. The mean difference indi-

cated the bias of the RQ compared with the WR. The limits

1) This morning for breakfast at home

Tap water (drinking water)

Tea, fruit and herbal tea

Mineral water

Milk and milk drinks

Soft drinks, lemonades, iced tea

Juices and fruit drinks

Other beverages

Please tick how many glasses you drank!

Fig. 1 An extract of the 24 h recall questionnaire translated from German showing the page that asked for beverage consumption
in the first of the five time intervals, ‘this morning for breakfast at home’
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of agreement (LOA) were defined by the mean difference

plus or minus two standard deviations. The association

between the difference and the average of the two methods

was tested by using Spearman rank correlation.

For assessing the third outcome, individuals, con-

sumers and non-consumers, were categorised into tertiles

according to their total 24 h beverage volume as reported

in the WR and RQ and according to their beverage

volume of those beverage categories with less than a third

of non-consumers. The categories tap water and mineral

water were merged into one summary category because

rates of non-consumers of the single categories were

higher than one-third. For the same reason the categories

juices and soft drinks were also merged. We calculated

the percentage of children classified into the same tertile

and those into the opposite tertile. Kappa coefficients

were also provided.

A secondary outcome of the validation study was to

assess the ability of the RQ to differentiate between

confusable beverage categories. Therefore, we evaluated

whether the children correctly differentiated between tap

water and mineral water, and between soft drinks and

juice. For this analysis, we included all the matched cases

of the consumption of water (mineral or tap water) and

juices/soft drinks (juices or soft drinks), respectively,

reported in both the RQ and WR. These matched cases of

consumption were assessed for each of the five time

intervals and summed up for the total 24 h period. Each

case was categorised into ‘match’ if the beverage cate-

gories were reported correctly in the RQ compared with

the WR as the reference, or into ‘misclassification’ if not.

Percentages of matches and misclassifications were cal-

culated for each category.

Kappa coefficients were interpreted using the guidelines

provided by Altman(15): k , 0?20, poor; k 5 0?21–0?40, fair;

k 5 0?41–0?60, moderate; k 5 0?61–0?80, good; k 5 0?81–

1?00, very good. All analyses were performed using the

SAS statistical software package version 9?1?3 (SAS Institute,

Cary, NC, USA). P , 0?05 was considered statistically

significant.

Results

Participants

Out of 114 children from the DONALD Study cohort with

available WR who were invited to participate, forty-two

(37 %) agreed and returned the RQ. Six participants were

excluded because the RQ was completed on a day

without a corresponding WR and one was excluded

because it was completed by a parent. Consequently,

thirty-five (83 %) out of forty-two pairs of WR and RQ

were available for validation. Participants included in the

analysis did not differ from invited but not included

children with respect to gender (x2 test, P 5 0?25) and

birth date (t test, P 5 0?74). The participants (fifteen boys,

twenty girls) had a mean age of 8?0 (SD 0?8) years. Parents

reported completion times for the RQ of between 5 and

15 min.

Recall by beverage category

Table 1 shows the agreement between the RQ and WR by

matches, omissions and intrusions of beverage con-

sumption v. non-consumption for each beverage cate-

gory. The majority of children were correctly classified

into consumers or non-consumers by the RQ as match

rates ranged from 91 % to 97 %. Values of k between 0?78

and 0?94 argue for a good to very good agreement

between the RQ and WR. Omission rates ranging

between 0 % and 3 % indicate low reporting of phantom

foods. The highest intrusion rate was 6 % and observed

for tap water.

Estimation of beverage volume

Volumes of beverage consumption reported in the RQ

and WR are presented in Table 2. The median total 24 h

beverage volume was higher in the RQ than in the WR

(P 5 0?015). The reported volume of each of the single

beverage categories did not differ between the RQ and

WR. Spearman rank correlation coefficients between the

RQ and WR ranged from r 5 0?86 to r 5 0?91 for the single

Table 1 Agreement between the 24 h recall questionnaire (RQ) and 24 h weighed record (WR, reference) in terms of classification into
consumers and non-consumers by beverage category: German schoolchildren aged 7 to 9 years (n 35)

Matches- Omissions-

-

Intrusionsy

No. of consumers* n % n % n % k 95 % CI

Mineral water 21 33 94 1 3 1 3 0?88 0?72, 1?00
Tap water 9 32 91 1 3 2 6 0?78 0?55, 1?00
Milk 22 33 94 1 3 1 3 0?88 0?71, 1?00
Juices 23 34 97 0 0 1 3 0?94 0?81, 1?00
Soft drinks 14 33 94 1 3 1 3 0?88 0?72, 1?00
Tea 5 34 97 1 3 0 0 0?87 0?63, 1?00
Other 0 34 97 0 0 1 3 NA

NA, statistics not applicable due to missing consumption.
*Consumption reported in the WR.
-Consumption reported in both the RQ and WR, or non-consumption reported in both.
-

-

Consumption reported in the WR but not in the RQ.
yConsumption reported in the RQ but not in the WR.
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beverage categories, whereas correlation was worse for

the total 24 h beverage volume, r 5 0?72 (Table 2).

The Bland–Altman plot (Fig. 2) showed a mean dif-

ference between the two methods (RQ2WR) of 114 (SD

249) ml for the total 24 h beverage volume indicating that,

on average, the RQ overestimated total 24 h beverage

volume compared with the WR. The upper and lower

LOA indicate that the RQ could estimate the total 24 h

beverage volume within a range of 612 ml above to

385 ml below the volume measured in the WR. The

individual differences between the two methods were not

significantly associated with the average of the volumes

measured by the two methods (P 5 0?716), which indi-

cates that the variability and direction of the difference

did not depend on the consumption level. However, the

sample was quite small regarding the advice about using

the Bland–Altman procedure.

Ranking by beverage volume

Table 3 shows the classification of the participants into

tertiles according to beverage volume reported in the RQ

and WR. Agreement for total 24 h beverage volume was

fair as indicated by k 5 0?23, and 49 % of the participants

were classified into the correct tertile by the RQ. Based on

k values for the individual beverage categories agreement

was moderate for milk and for the category juices/soft

drinks, whereas it was good for the category mineral/tap

water. A small percentage of participants (0–3 %) were

grossly misclassified into the opposite tertile for the

total 24 h consumption and for the different beverage

categories.

Table 2 Difference and correlation between beverage volumes reported in the 24 h recall questionnaire (RQ) and 24 h weighed record (WR,
reference) for individual beverage categories and total 24 h beverage consumption: German schoolchildren aged 7 to 9 years (n 35)

Beverage volume (ml)*

RQy WR

Median or mean IQR Median or mean IQR Mean difference (RQ2WR) P- r-

-

Total 24 h volume 1200 1100, 1400 1125 875, 1277 0?015 0?72
1289 1175 114

Mineral water 300 0, 700 300 0, 658 0?906 0?90
403 412 29

Tap water 0 0, 200 0 0, 124 0?383 0?81
120 88 32

Milk 200 0, 200 115 0, 250 0?341 0?89
169 146 23

Juices 300 0, 600 308 0, 550 0?525 0?91
374 353 21

Soft drinks 0 0, 400 0 0, 260 0?105 0?86
180 132 48

Tea 0 0, 0 0 0, 0 0?188 0?87
26 43 217

Other 0 0, 0 0 0, 0 NA NA
17 0 17

NA, statistics not applicable due to missing consumption; IQR, interquartile range.
*Values are medians and IQR (25th, 75th percentile) or means of all participants (n 35).
-For differences between RQ and WR obtained by the Wilcoxon signed-rank test.
-

-

Spearman rank correlation coefficient r with P , 0?0001.
yVolume conversion: 200 ml 5 1 glass.
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Fig. 2 Bland–Altman plot for analysis of agreement between
total 24 h beverage volume reported in the 24 h recall
questionnaire (RQ) and in the 24 h weighed record (WR) for
German schoolchildren aged 7 to 9 years: – – –, upper and
lower limits of agreement (mean 6 2 SD); ——, bias

Table 3 Agreement and kappa statistics for tertiles by beverage
volume reported in the 24 h recall questionnaire (RQ) and 24 h
weighed record (WR, reference) for selected beverage categories
and total 24 h beverage consumption: German schoolchildren aged
7 to 9 years (n 35)

Classification into

Correct Opposite
tertile tertile

n % n % k 95 % CI

Total 24 h volume 17 49 1 3 0?23 20?01, 0?47
Mineral/tap water 28 80 1 3 0?70 0?50, 0?90
Milk 25 71 0 0 0?57 0?36, 0?79
Juices/soft drinks 22 63 1 3 0?44 0?21, 0?68
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Differentiation of beverage categories

Based on the classification into matches and misclassifica-

tions in the RQ compared with the WR, tap water was not

misclassified at all and mineral water was misclassified

as tap water in one of fifty-one cases, indicating that the

children were widely able to differentiate between tap

and mineral water (Table 4). Regarding the differentiation

between juices and soft drinks, children misclassified soft

drinks as juices in 13% of all cases and juices as soft drinks

in 5 % of all cases.

Discussion

In the present study we validated a self-completion 24h RQ

to assess beverage consumption among elementary-school

children at the group level with a 24h WR as the reference.

The results indicate that the children could recall well

the beverage categories consumed. This semi-quantitative

questionnaire also provided valid estimations of the volume

consumed in the single beverage categories; however, esti-

mation of the total 24h beverage volume was unsatisfactory.

To our knowledge several self-completion dietary

assessment tools for children aged 9 years or younger have

been validated(16–26), but none of these solely targeted

beverage consumption. Furthermore, for validation studies

there is no established statistical standard for measuring

validity(27), various methods have been used as a reference,

and different main outcomes have been defined. As a result

it is difficult to compare the validity of different dietary

assessment tools.

Recall by beverage category

In our study the ability of the RQ to differentiate between

consumers and non-consumers of the single beverage

categories was good to very good as indicated by the

match rates and kappa statistics. Omission rates were

found to be very low. Other validation studies have

shown that, in 24 h recall interviews, children are least

likely to omit beverages compared with other foods

consumed during school meals(28,29). The validation

of computerised 24 h recalls completed by children aged

11 to 14 years resulted in match, omission and intrusion

rates similar to ours for several beverages(30). However,

the reference method in that study was a self-report food

record that might have resulted in reporting errors in the

same direction. Match rates slightly smaller than ours

were found in a comparison between a 24 h ques-

tionnaire completed by children aged 9 to 11 years for

several beverages and a 24 h recall interview(23).

In our study the intrusion rates of the different bev-

erage categories (phantom food) were similar to the

omission rates. This was also observed in validation stu-

dies with schoolchildren for a 24 h recall interview(28), but

not for a recall questionnaire(23). However, it has to be

mentioned that omission and intrusion rates were differ-

ently defined and calculated in these studies.

Beverage volume

The ability of the RQ to rank individuals by beverage

volume and to estimate the volume of single beverage

categories was good to moderate, and no systematic over-

or underestimation was observed for the single beverage

categories. Similar to these results, a good estimation of

beverage volume was observed in a 24 h recall interview

among schoolchildren aged 8 to 10 years in which juices

and milk were among the food groups of best estimated

quantities(31). Two self-report questionnaires targeting

fruit and vegetable consumption(32,33) and a compu-

terised 24 h recall(30) showed slightly lower validities of

estimated volumes of various beverages in young ado-

lescents compared with our beverage-targeted RQ.

The ability of our RQ to rank individuals according to

their total 24 h beverage volume was only fair and the RQ

overestimated the total volume systematically. However,

the bias of 114 ml, as shown in the Bland–Altman plot,

was small and independent of consumption level indi-

cating good validity at the group level. In contrast, indi-

vidual differences between the two methods were quite

high as shown by the large LOA. In conclusion, the RQ

was limited in its precision to quantify total 24 h beverage

volume and may therefore also fail to detect small chan-

ges in total beverage intake in an intervention study.

Table 4 Differentiation between tap water and mineral water, and between soft drinks and juice, in the 24 h recall questionnaire (RQ)
compared with the 24 h weighed record (WR, reference) by the percentage of matched and misclassified beverages within the five time
intervals: German schoolchildren aged 7 to 9 years (n 35)

Matches- Misclassifications-

-

No. of occurrences* n % n %

Mineral/tap water
Mineral water 51 50 98 1 2
Tap water 9 9 100 0 0

Juices/soft drinks
Juices 41 39 95 2 5
Soft drinks 15 13 87 2 13

*Cases of matched or misclassified beverage category in the five time intervals.
-Beverage category correctly classified in the RQ as in the WR as reference.
-

-

Beverage category misclassified as the contrary category in the RQ as in the WR.
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A possible cause for the flaw in measuring the quantity

may be the conversion factor of 200ml for one glass that

was applied as the assessment unit of the RQ. Haraldsdóttir

et al. used the same conversion factor and found an over-

estimation of juice consumption by children aged 11 to 12

years(33). For more accurate quantification, conversion of

portion sizes could be sex-, age- and country-specific as

was applied in the validation study of Cade et al.(22).

The quantity category ‘empty glass’ was included in the

RQ to ensure that children consider each beverage category.

This did not work because the majority of the children did

not tick the category ‘empty glass’ correctly, although the

rest of the questionnaire was completed properly.

The present study showed that children were able to

differentiate between juices and soft drinks, but this may

depend on country-specific drinking habits and food

knowledge. In other countries the beverage categories

could be defined differently, e.g. include both a regular

and a diet soft drinks category if the difference is gen-

erally understood by the target groups. To address this

research question, the questionnaire should be validated

in other countries.

Advantages

An important strength of the current validation study is

the parent-completed weighed 24 h food record as the

reference method. The weighed record is one of the most

accurate non-invasive methods of dietary assessment(34).

For assessing validity among children direct observation

has been often used as a reference method(12), but this

method of data collection is limited to short observation

periods such as school breaks or meals. Estimated food

records or recall techniques are also commonly used as a

reference in validation studies(12). Our reference method

was carried out by the parents and not by the participants

themselves, which might have reduced the risk of

reporting errors of the same direction.

Our RQ is well suited for assessing beverage con-

sumption among large samples of children owing to its

self-completion design. If applied in the school setting it

is independent from the involvement or assistance of

parents, interviewers or computers that might increase

participation barriers and costs. The illustrated ques-

tionnaire requires low writing and reading skills, and

therefore it can be used in young schoolchildren and in

immigrant children who have a different first language.

When completing a questionnaire, children may

choose a particular response because of social desir-

ability(35), especially if they are aware of the beverage of

interest or the research aim. However, we could not dis-

cern any specific misreporting in the single beverage

categories. Since the RQ included questions on many

kinds of beverages, participants cannot deduce which

beverage category is of research interest.

The illustrations of the listed beverage categories were

meant to encourage the children to identify and to

recognise consumed beverages because food listings in a

questionnaire are supposed to improve the recall of a

consumed food by prompting the memory(35). This kind

of support in a food recall may also lead to recognition

errors, i.e. reporting of foods that were actually not con-

sumed by the children, but in the present study intrusion

rates of the 24 h RQ were found to be low.

Limitations

The study has several limitations. First, the RQ was

designed for use at the group level in the school setting,

but validity was assessed on an individual level at home

under the supervision of parents instead of teachers.

Furthermore, parental support in the completion of the

questionnaire cannot be excluded completely although

parents were repeatedly and personally instructed not to

do so. Children needed 5 to 15 min to complete the

questionnaire as estimated by their parents. Completion

of the RQ by children aged 7 to 9 years in the classroom

in the context of a large school-based intervention

study(8) took between 20 and 40 min as reported by the

supervising teachers. This discrepancy might indicate that

completion of the questionnaire by the children could

depend on the setting in which it is administered. Second,

parental report of their child’s dietary intake was the

reference method. Parents may not be completely aware

of children’s snacking and out-of-home consumption and

thus depend on their child’s report. In addition, asking

the parents to record and weigh the food may have

enhanced the children’s attention to the food eaten,

possibly leading to improved recall accuracy or to

alterations in the diet(36). However, children and parents

of the DONALD Study cohort are very used to the annual

dietary recording. Third, the study was prone to selection

bias as the participation rate was low, and sample size

was small with thirty-five participants. As the present

study was an addition to the quite extensive annual

DONALD Study assessments and as there is an interest in

keeping participants in this longitudinal study, no further

effort was made to increase participation in the validation

study. In addition, participants are derived from a cohort

with a higher socio-economic status than the average in

Germany(13), which might limit the transferability of our

results. Finally, the outcome that can be assessed by the

RQ is limited to the quantity of the main beverage cate-

gories but the exact nutrient or energy intake from bev-

erages cannot be measured by this questionnaire.

Based on the results of our validation study we suggest

several modifications for improving practicability and

validity of the 24 h RQ.

General modifications

1. The quantity category ‘empty glass’ could be omitted

as most children did not tick it in the case of non-

consumption of a beverage.
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2. The category ‘other beverages’ may invite children to

misclassify beverages into this category and could be

replaced by beverages of specific research interest

such as probiotic drinks.

Population-adapted modifications

1. The volume of one glass should be adapted to the sex-

and age-specific portion size of the target population.

2. The definition of beverage categories may be adapted

to country-specific consumption habits.

3. In children older than 9 years of age, beverage

consumption is expected to increase and thus the

questionnaire should be adapted by adding one more

full glass to mark, resulting in a maximum volume

per time interval and per beverage category of four

glasses.

Conclusion

Our 24 h RQ was able to estimate the consumption

of different beverage categories among schoolchildren

at the group level. Estimation of total 24 h beverage

volume by the questionnaire was less accurate. The self-

completion questionnaire is applicable even in young

children of elementary-school age as its illustration-based

design assumes low reading and writing skills. Whether

this 24 h RQ can serve as a practical tool for the evaluation

of children’s drinking habits in large-scale studies also in

the school setting should be affirmed by further validation

studies.
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