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The reliability and validity of a short food frequency
questionnaire among 9–11-year olds: a multinational study on
three middle-income and high-income countries
T Saloheimo1, SA González2, M Erkkola1, DM Milauskas3, JD Meisel4, CM Champagne3, C Tudor-Locke3,5, O Sarmiento2,
PT Katzmarzyk3 and M Fogelholm1 for the ISCOLE Research Group

OBJECTIVE: The main aim of this study was to assess the reliability and validity of a food frequency questionnaire with 23 food
groups (I-FFQ) among a sample of 9–11-year-old children from three different countries that differ on economical development and
income distribution, and to assess differences between country sites. Furthermore, we assessed factors associated with I-FFQ’s
performance.
METHODS: This was an ancillary study of the International Study of Childhood Obesity, Lifestyle and the Environment. Reliability
(n= 321) and validity (n= 282) components of this study had the same participants. Participation rates were 95% and 70%,
respectively. Participants completed two I-FFQs with a mean interval of 4.9 weeks to assess reliability. A 3-day pre-coded food diary
(PFD) was used as the reference method in the validity analyses. Wilcoxon signed-rank tests, intraclass correlation coefficients and
cross-classifications were used to assess the reliability of I-FFQ. Spearman correlation coefficients, percentage difference and cross-
classifications were used to assess the validity of I-FFQ. A logistic regression model was used to assess the relation of selected
variables with the estimate of validity. Analyses based on information in the PFDs were performed to assess how participants
interpreted food groups.
RESULTS: Reliability correlation coefficients ranged from 0.37 to 0.78 and gross misclassification for all food groups was o5%.
Validity correlation coefficients were below 0.5 for 22/23 food groups, and they differed among country sites. For validity, gross
misclassification was o5% for 22/23 food groups. Over- or underestimation did not appear for 19/23 food groups. Logistic
regression showed that country of participation and parental education were associated (P⩽ 0.05) with the validity of I-FFQ.
Analyses of children’s interpretation of food groups suggested that the meaning of most food groups was understood by the
children.
CONCLUSION: I-FFQ is a moderately reliable method and its validity ranged from low to moderate, depending on food group and
country site.
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INTRODUCTION
Food frequency questionnaires (FFQs) are the most widely used
dietary assessment tools in epidemiological studies.1 FFQs provide
crude estimates of usual consumption based on participants
self-report of their consumption frequency of pre-listed foods and
beverages. A list of foods is provided with predetermined
frequency alternatives. FFQs are easy and quick for participants
to complete and processing data is inexpensive.1 FFQs and other
self-report methods can be used also among children from the
age of ~ 8 years, as their cognitive skills are adequately developed
and they are aware of their food intake.2 Assessment of food
intake in children is the focus of the present paper.
The performance (that is, reliability and validity) of a FFQ should

be assessed when applying it to a new population.3 Measuring
diet as accurately as possible is crucial for observing true
diet–disease associations. Ideally, validation is a part of a process
of learning about and developing methods further. Better
correlation coefficients between FFQs and reference methods
have been reported in studies that ask no portion sizes, measure a

short period of time (previous day or week) and for whom the
number of questionnaire items is limited to 20–60 items.4

Sex, education, weight status,2 culture5 and ethnic group6 are
factors which may be related to the validity of FFQs. Also,
misreporting based on social desirability has been observed
among adults7 as well as among children.8,9 The validity of a
dietary assessment method may vary even in populations of close
geographic proximity.10 Hence, the validity of dietary assessment
instruments is a special challenge in international, multi-country
studies with participants from different regions of the world.
A limited number of European epidemiologic studies involving

children have conducted validation studies including several
countries.11–13 In some of these studies, results have been
presented only as an aggregate of all countries,12 whereas others
have presented analyses stratified by country.13 A study con-
ducted in Belgium and Italy showed that the validity of a single
FFQ was different in the two countries.13 Efforts have been made
to accommodate FFQs to very specific cultural settings.14

However, to our knowledge, no multinational FFQ validation
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studies have been conducted, with a study design involving
countries from different regions of the world.
The main aim of this study was to assess the reliability and

validity of a 23-item FFQ among a sample of 9–11-year-old
children in three countries, and to compare these measures
between the country sites. In addition, we wanted to gain new
insights on the determinants of the FFQ’s validity. First, we
assessed whether selected background variables were related to
the performance of FFQ. Second, we examined how children
interpreted the predefined food groups listed in the FFQ.

MATERIALS AND METHODS
Setting, participants and recruitment
This study assessing the reliability and validity of a FFQ was conducted
within the context of a larger 12-country study of 9–11-year-old children,
the International Study of Childhood Obesity, Lifestyle and the Environ-
ment (ISCOLE).15 ISCOLE’s aim was to determine the relationships between
lifestyle behaviors and obesity in a multinational study of children. The
eligibility criteria and sampling methods employed in ISCOLE have been
reported elsewhere.15 ISCOLE’s sample included children from semiurban
and urban areas, and they were recruited from schools, which were
stratified by indicators of socioeconomic status.
The present study uses a subsample of ISCOLE with the objective to

assess the reliability and validity of the FFQ used in ISCOLE (I-FFQ).
A sample of children aged 9–11 years participated in this substudy from
three culturally different ISCOLE country sites: USA (Baton Rouge),
Colombia (Bogotá) and Finland (Helsinki, Espoo, Vantaa). These countries
differed significantly in their Human Development Index and Gini
coefficient, with Finland being a high-income country with a low Gini
coefficient, the USA a high-income country with a high Gini coefficient and
Colombia a middle-income country with a very high Gini coefficient.16 Our
target was to reach a sample size of 100 participants from each country
site. A consecutive sampling strategy was used; all available participants of
the ISCOLE study were recruited to the validation substudy until the
targeted sample size was completed. Data collection for the present study
took place between September 2012 and May 2013.
The entire ISCOLE study and the present substudy were approved by the

ethical review boards at the participating institutions. The same children
participated in the assessment of both reliability and validity in the present
study. Ninety-five percent of invited ISCOLE participants completed the
reliability component of the present study. Country-specific response rates
for the assessment of reliability were 91% (USA), 100% (Colombia) and
96% (Finland). Figure 1 illustrates the participant flow among children
participating in the assessment of validity.
The mean age of the 321 participants was 9.9 years (s.d. 0.6), and 53% of

the participants were boys. The prevalence of overweight and obesity
using the criteria of the World Health Organization17 was 28%.

Study design and data collection
I-FFQ was completed twice to assess its test–retest reliability. The first I-FFQ
was administered as a part of the protocol of the larger ISCOLE study.
Participants completed the I-FFQ as a part of a six-page questionnaire in
their classrooms. The second FFQ (I-FFQ-2) was administered on average
4.9 (s.d. 1.6) weeks after the first I-FFQ. I-FFQ-2 was administered as a
stand-alone questionnaire to the selected subsample participating in the
ancillary study in the three countries. Participants were not aware of
the reliability aspect of the study, but technicians were not blinded about
the purpose of the study.
The validity of I-FFQ (test method) was assessed by comparing it with

3 days of pre-coded food diary (PFD, reference method). The participants
began recording PFDs after the first I-FFQ had been administered (within
1 week). The participants were told that the study purpose was to acquire
more information about their food habits. They were not told about the
validation objective. Information about background variables was obtained
from anthropometric measurements for children and from questionnaires
completed by parents or guardians.15

Food frequency questionnaire (test method). I-FFQ (English, Spanish and
Finnish versions available in Supplementary File 1) had similar food groups
as the FFQs used in the National Health Behaviour in School-Aged Children
Surveys in Belgium and Italy.13,18 I-FFQ was adapted to different ISCOLE

countries so that while the names of the food groups remained the same,
examples of individual food items within food groups reflected cultural or
regional variation in food consumption patterns. For instance, food group
‘fried foods’ had ‘chicken wings’ as one of the example food items in the
USA, and ‘empanadas’ in Colombia.
I-FFQ consisted of 23 food and beverage groups. I-FFQ probed for usual

consumption with seven frequency alternatives: never; less than once
a week; once a week; 2–4 days a week; 5–6 days a week; once a day;
and more than once per day. Portion sizes were not collected. I-FFQ was
self-administered, but, if needed, participants received assistance from
technicians who answered questions in a standardized manner.15

Pre-coded food diary (reference method). The PFD served as the criterion in
assessing the validity of I-FFQ. A food diary is a suitable method for
assessing the validity a FFQ because these methods have the smallest
correlated errors.3 The PFD (Supplementary File 2) used in this study was a
form which listed the same 23 food groups as the I-FFQ, with an additional
food group called ‘other foods’. The PFD was completed prospectively
during 3 consecutive days (2 weekdays and a weekend day).
The participants used a separate PFD form for each day and they were
instructed to fill in the PFD immediately after each meal or snack. They
were instructed to enter the consumed food in the most appropriate place
in terms of food group and time of the day. The participants were
instructed to use the food group ‘other foods’ if a food item did not fit—
according to the participant—in any of the predetermined food groups.
Participants were asked to specify the type and brand of consumed food
items. Quantities were not asked. The guardians received written
instructions on how to assist children in completing the PFDs. Using the
PFD, we were able to assess the validity in two ways: first, how well the
participants could identify the correct food group, and, second, how well
the consumption frequency in the I-FFQ was related to the reported
frequency in the PFD.

Data analyses
Validity. In the PFD, the participants recorded the consumed foods in the
group which they felt to be correct (PFD reported). Because many of these
decisions were incorrect (e.g., diet soda was entered into food group
‘regular soda’), the researchers (TS and SG) replaced these food items into
the correct food group to compile the PFD corrected. This was
subsequently used as the reference in assessing the validity of the
frequencies reported in I-FFQ.
The PFD for each day had three time spans (morning, afternoon and

evening) and 24 food groups (23 from the I-FFQ and ‘other foods’). Having
one or more food items recorded into a food group during one time span
(that is, one box in the PFD form, see Supplementary File 2) was counted as
one eating occasion. Hence, the maximum number of eating occasions
(frequency) within any food group was three per day; one in the morning,
one in the afternoon and one in the evening. The consumption frequency
for the 3 days ranged consequently from 0 to 9.
The I-FFQ data had seven frequency alternatives per week and the

PFD-corrected frequencies ranged from 0 to 9 per 3 days. To allow
comparison of these two different frequencies, some of the original
frequency categories in both data sets were merged (Table 1) to create a
similar frequency for both data sets (I-FFQ and PFD corrected): the new
frequency categories ranged from 1 to 5 and they were corresponding in
terms of weekly and daily consumption frequency. For example, I-FFQ had
frequency categories ‘once a week’ and ‘2–4 days a week’ before variable

Figure 1. Participant flow in the assessment of validity.
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transformations. These two were merged, and the corresponding frequency
category in PFD corrected was ‘1–3 eating occasions on 1 day’. In the PFD,
both the number of eating occasions and the number of days, during which
the eating occasions appeared, were taken into account. The purpose was to
differentiate cases where, for example, 3 eating occasions appeared during
1 day (3 eating occasions per day×1) from 3 eating occasions appearing on
3 separate days (1 eating occasion per day×3).
The PFD data were also used to investigate how well the children could

place their consumed food items into the food groups listed in the PFD
form. In these analyses, the PFD-reported groupings were compared
against researchers’ decisions about correct food groups. Poor compar-
ability between these two would indicate that the children had problems
in interpreting the groupings used in I-FFQ. Investigating decision-making
was possible because children had to choose a food group for all
consumed food items in the PFD. For example, if a child had consumed an
apple cake and written it into food group ‘cakes and so on’, the decision
was considered as correct. If it was written in any other food group, such as
‘fruits’, the decision was considered as incorrect. Each individual food item
was coded to indicate placement in the correct or incorrect category, and
the proportion of correct decisions within each food group was calculated.
For example, if a child had written ‘apple’, ‘orange’ (fruits) and ‘carrot’
(vegetable) into food group ‘fruits’, the proportion of correct decisions was
2/3 = 67%. Foods that were correctly reported in category ‘other foods’
were not counted. If a participant consumed a food item several times a
day and always reported it in the same food group, it was still counted as
one decision type. The resulting proportion of correct decisions per food
group describes all the decisions made during the 3-day PFD.

Statistical methods
Reliability. The reliability of I-FFQ was assessed by comparing it to I-FFQ-2
and by using Wilcoxon signed-rank tests, intraclass correlation coefficients
and cross-classification. The existence of systematic error, that is, over- or
underestimation (I-FFQ-2 versus initial I-FFQ), was assessed as percentage
difference ((I-FFQ− I-FFQ-2)/I-FFQ-2) × 100. The original frequency cate-
gories in the I-FFQ were used.

Validity. The agreement between frequencies of I-FFQ and PFD corrected
was assessed using Spearman correlation coefficients. The degree of
misclassification across five frequency categories between the FFQ and the
PFD was examined by cross-classification. The proportion of correctly
categorized food groups in the same, adjacent and opposite categories
was calculated. Proportion of systematic error was assessed by calculating
the percentage difference between test and reference methods
((I-FFQ− PFD corrected)/PFD corrected) × 100.
A logistic regression model was used to investigate the relation of

selected variables with an estimate of agreement between I-FFQ and PFD
corrected. The selection of characteristics included in the logistic
regression model as independent variables was based on evidence from
the literature. Body mass index was used as a continuous variable, and
parents’ highest education as a 3-category variable (low: less than high
school or some high school; moderate: completed high school, some
college/associate’s degree; high: bachelor’s degree, postgraduate degree).
In the logistic regression analysis, the lowest third of correct recordings
(0–8 out of 23) was used as the outcome (the dependent variable).

The validity analyses (Spearman correlation coefficients, cross-classifica-
tion, percentage difference and logistic regression analysis) were
performed using the classification of I-FFQ and PFD-corrected data into
five frequency categories as presented in Table 1.
Analyses were completed using SPSS for Windows (SPSS Inc., Chicago, IL,

USA, version 22.0) and SAS (SAS Institute Inc., Cary, NC, USA, version 9.3). Figures
were presented using Microsoft Powerpoint 2010 (Microsoft Corporation,
Redmond, WA, USA) and Adobe Illustrator CC 2014 (Adobe Systems Inc.,
San Jose, CA, USA).

Children’s interpretation of food groups in PFD (PFD reported versus
researchers’ decisions). For the PFD-reported data, we performed descrip-
tive statistics only, not any inferential analyses. As a result of the data
handling, we had the proportion of correct decisions within each food
group separately for each participant. To summarize the results, the
participants were classified into four groups using the following cutoffs for
each food group: 0% correct, 1–49% correct, 50–99% correct and 100%
correct. These cutoffs were chosen because we wanted to focus on having
none or all correct within each food group, as we considered these
decision types as the most significant with regard to the study question.
Furthermore, the distribution showed a bimodal distribution, with a clear
majority of participants scoring either all or none correct.

RESULTS
Reliability
Results relating to the reliability of I-FFQ are presented in Table 2.
According to the Wilcoxon signed-rank test, there was no
significant difference between I-FFQ and I-FFQ-2 in 7 out of 23
food groups: ‘fruit juice’, ‘regular soda’, ‘diet soda’, ‘low-fat milk’,
‘whole milk’, ‘sweets’ and ‘chips’. Intraclass correlation coefficients
ranged from 0.37 (‘dark-green vegetables’ and ‘orange vegeta-
bles’) to 0.78 (‘sports drinks’). Apart from ‘orange vegetables’,
‘sports drinks’, ‘ice cream’, ‘meat alternatives’, ‘fish’ and ‘deep fried
foods’, the median consumption frequencies of food groups were
within a ± 10% difference between test and retest measurements.
In cross-classifications of consumption frequencies by both
methods, the greatest misclassification (4.7% in the opposite
category) was found for ‘whole milk’.

Validity
According to PFD corrected, the proportion of participants who
consumed foods from specific groups during the 3-day period of
PFD varied from 2.8% (energy drinks) to 84.0% (fruits;
Supplementary Table 1).

Validity of reported frequencies. Figure 2 displays Spearman
correlation coefficients between I-FFQ and PFD corrected,
which varied between participating countries and food
groups (Supplementary Table 2). Correlation coefficients for
the three countries combined ranged from 0 (‘fruit juice’) to 0.64
(‘low-fat milk’).

Table 1. Variable transformations used for assessing the validity of I-FFQ against PFD corrected

Original variables Transformed variables
Category used in validity analyses
(both in I-FFQ and PFD corrected)

Consumption frequency in the I-FFQ Number of eating occasions on 3-day PFD correcteda

Never; less than once a week No eating occasions 1
Once a week; 2–4 days a week 1–3 eating occasions on 1 day 2
5–6 days a week 2–6 eating occasions on 2 days 3
Once a day 3–4 eating occasions on 3 days 4
More than once a day 5–9 eating occasions on 3 days 5

Abbreviations: I-FFQ, food frequency questionnaire used in the International Study of Childhood Obesity, Lifestyle and the Environment; PFD corrected, data set
from pre-coded food diary. The consumption of 23 food groups based on researcher’s decisions about correct food groups for individual food items (‘true food
consumption’; see Materials and methods for a detailed explanation). aNumber of eating occasions on the 3-day PFD ranged from 0 to 9. The daily range was 0–3.
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Figure 3 illustrates the percentage of subjects categorized into
the categories ‘same’, ‘adjacent’, ‘opposite’ and ‘other’ by the I-FFQ
and PFD (Supplementary Table 3). Food groups ‘energy drinks’,
‘diet soda’ and ‘sports drinks’ had the highest proportion of

participants in category ‘same’. ‘Fruit juice’, ‘fruits’ and ‘other milk
products’ had the lowest proportion of participants in the
category ‘same’. ‘Fruit juice’ had the largest proportion of
participants in category ‘opposite’.
The percentage difference was calculated to assess whether

participants had systematically over- or underestimated their food
consumption frequency in I-FFQ compared with PFD corrected.
The median difference was 0% for 19 out of 23 food groups for the
three participating countries combined. Overestimation (median
%) was observed for ‘dark-green vegetables’ (50%), ‘orange
vegetables’ (13%) and ‘fruit juice’ (100%). Underestimation
appeared for ‘cakes and so on’ (−33%). The trend of over/
underestimation was similar across countries. The tendency to
over-report was highest among participants in the USA.
A logistic regression (n= 257) analysis was performed to assess

the association between participant’s body mass index and sex,
parents’ highest education and country of participation on the
likelihood that a participant belonged to the lowest third of
correct recordings (all food groups together; min–max 0–23
correct recordings) in I-FFQ as compared with PFD corrected
(Table 3). Hence, this analysis was used to search for correlates of
poor validity on an individual level.
Colombian and Finnish children had lower odds (79% and 93%,

respectively) of having the least amount of correct recordings in
I-FFQ compared with children in USA. Children of moderately
educated parents (that is, those who completed high school or
some college/associate’s degree) and those of parents with the
least education (that is, those who completed less than high
school or some high school) were more likely to have incorrect
recordings compared with participants with a highly educated
parent (that is, those with bachelor’s degree or postgraduate
degree). BMI was not related to the validity.

Children’s interpretation of food groups in PFD (PFD reported versus
researchers’ decisions). Taking all the food groups together, the

Table 2. Test–retest reliability of I-FFQ: consumption frequencya in I-FFQ compared with ISCOLE-FFQ-2 (n= 321)

Median (25th and 75th percentile) P-value ICC % Difference % (n) Gross misclassification

I-FFQ I-FFQ-2

Fruits 5 (4;6) 4 (4;6) 0.043 0.48 − 3.7 0.3 (1)
Vegetables 4 (3;6) 4 (3;5) o0.001 0.52 − 6.9 0.9 (3)
Dark-green vegetables 3 (2;4) 3 (2;4) 0.019 0.37 − 7.6 2.2 (7)
Orange vegetables 4 (2;4) 3 (2;4) o0.001 0.37 − 11.6 1.3 (4)
Fruit juice 5 (3;7) 5 (3;7) 0.137 0.64 − 2.5 0.6 (2)
Regular soda 3 (2;4) 3 (2;4) 0.504 0.61 − 1.5 0.0 (0)
Diet soda 1 (1;2) 1 (1;2) 0.133 0.40 − 5.3 1.6 (5)
Energy drinks 1 (1;1) 1 (1;1) 0.036 0.68 − 8.5 0.6 (2)
Sports drinks 2 (1;4) 1 (1;3) o0.001 0.78 − 15.2 0.0 (0)
Low-fat milk 3 (1;6) 3 (1;7) 0.487 0.72 2.8 2.5 (8)
Whole milk 4 (1;6) 3 (1;6) 0.613 0.57 − 1.4 4.7 (15)
Cheese 4 (2;5) 4 (2;5) 0.002 0.50 − 7.6 1.3 (4)
Ice cream 3 (2;4) 3 (2;4) o0.001 0.53 − 12.5 0.9 (3)
Other milk products 4 (4;6) 4 (3;5) o0.001 0.40 − 9.5 0.6 (2)
Sweets 4 (3;5) 3 (3;5) 0.363 0.57 − 1.8 0.0 (0)
Cakes and so on 2 (2;3) 2 (2;3) 0.027 0.47 − 5.8 0.0 (0)
Chips 3 (2;4) 3 (2;4) 0.223 0.47 − 3.5 0.6 (2)
French fries 3 (2;4) 2 (2;3) 0.002 0.51 − 7.3 0.0 (0)
Whole-grain bread and so on 4 (3;6) 4 (2;6) 0.006 0.50 − 6.5 0.6 (2)
Meat alternatives 4 (3;5) 4 (2;5) o0.001 0.53 − 10.9 0.9 (3)
Fish 3 (2;4) 2 (2;3) o0.001 0.49 − 11.4 0.6 (2)
Deep fried foods 3 (2;4) 3 (2;4) o0.001 0.47 − 14.1 0.6 (2)
Fast foods 3 (2;4) 3 (2;3) o0.001 0.63 − 9.5 0.3 (1)

Abbreviations: I-FFQ, food frequency questionnaire used in the International Study of Childhood Obesity, Lifestyle and the Environment; ICC, intraclass
correlation coefficient; I-FFQ-2, ISCOLE-FFQ-2 was administered after the initial I-FFQ to assess the test–retest reliability of the method; P, Wilcoxon P-value for
the comparison of I-FFQ and I-FFQ-2; % difference, (I-FFQ− I-FFQ-2)/I-FFQ-2) ×100. aConsumption frequency: 1, never; 2, less than once a week; 3, once a week;
4, 2–4 days a week; 5, 5–6 days a week; 6, once a day, every day; and 7, every day, more than once.

Figure 2. Validity of I-FFQ against PFD corrected: correlation
coefficients (n= 282).
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mean (s.d.) proportion of decision types classified as incorrect was
41.9 (9.5)%, 40.5 (15.0)% and 23.3 (11.4)% in USA, Colombia and
Finland, respectively. Figure 4 illustrates that participants under-
stood the meaning of food groups defined by researchers to
varying degrees (Supplementary Table 4). For 19 out of 23 food
groups, more than half of participants had placed all foods
correctly. Diet soda, dark-green vegetables and fruit juice were the
most difficult food groups because more than half of participants
had no correct reporting in these food groups. Also, ‘whole-grain
bread and so on’ was poorly understood: only 37% had all
recorded in the correct food group and 33% had no correct
reporting at all. Among the most frequently consumed foods,
‘fruits’ were the best interpreted food group: 84% reported all of

their fruit consumption correctly and only 2% of participants had
no correct recording within this food group.

DISCUSSION
The reliability and validity of the ISCOLE food frequency
questionnaire (I-FFQ) for 9–11-year-old children varied by food
group and by country site. For reliability, intraclass correlation
coefficients were 0.37 or above. For validity, Spearman correlation
coefficients were below 0.5 for most food groups relative to a
criterion standard of PFD. However, percentage of gross
misclassification relative to the criterion standard was below
5% for all food groups with a single exception (‘fruit juice’).
Systematic over- or underestimation was not seen for most food
groups. Parents’ higher education was associated with better
performance in I-FFQ. Children interpreted most food groups in
PFD correctly relative to researchers’ choices.
There is no FFQ exactly identical to the I-FFQ whose performance

would have been assessed among a similar population. Two studies
are the most relevant comparison points for our reliability and
validity analyses, both by Vereecken et al. from the Health Behaviour
in School-aged Children survey.13,18

In their first study, Vereecken et al.18 assessed the reliability and
validity of a 15-item FFQ among 11–12-year-old Belgian children.
This 15-item FFQ had 11 food or beverage groups that were very
similar to the food groups used in the I-FFQ. For the reliability
of the 15-item FFQ, correlation coefficients in the 11 relevant food
groups ranged from 0.44 (other milk products) to 0.70 (semi-
skimmed milk). For the validity of the 15-item FFQ, correlation
coefficients for the relevant 11 food groups ranged from 0.10
(crisps) to 0.65 (semi-skimmed milk). The FFQ overestimated the
consumption of most food groups relevant to our study (11 out of
15 food groups), the largest overestimation being for diet soft
drinks (658%). The percentage of gross misclassification (once a
week or less versus 5 or more times per week) ranged from
1% (chips) to 21% (diet soft drinks).
In a more recent study from Vereecken et al.,13 the validity and

reliability of a 14-item FFQ with the same 11 comparable food
groups with I-FFQ was assessed in a sample of Belgian and Italian
children aged 11–12 years. Reliability correlation coefficients
of the 14-item FFQ for the 11 relevant food groups ranged from
0.38 (other milk products in Belgium) to 0.83 (vegetables in Italy).

Table 3. Adjusted odds ratios and 95% confidence intervals for the
lowest third (0–8) of correct recordings in I-FFQ (n= 257).

OR 95% CI

Sex
Boy 1.00 (ref.)
Girl 1.31 0.74, 2.30
BMI 0.99 0.91, 1.10

Highest parental education
High 1.00 (ref.)
Moderate 2.62 1.11, 6.22
Low 4.21 1.38, 12.86

Country
USA 1.00 (ref.)
Colombia 0.21 0.114, 0.73
Finland 0.07 0.03, 0.17

Abbreviations: CI, confidence interval; I-FFQ, food frequency questionnaire
used in the International Study of Childhood Obesity, Lifestyle and the
Environment; low amount of correct readings in I-FFQ, 0–8 correct
recordings out of 23 in I-FFQ when compared with the reference method
(pre-coded food diary); OR, odds ratio; parental education: low: less than
high school or some high school; moderate: completed high school, some
college/associate’s degree; high: bachelor’s degree, postgraduate degree;
ref., reference category. The model includes all covariates presented in the
table. The goodness of fit (Nagelkerke R Square): 0.257.

Figure 3. Validity of I-FFQ against PFD corrected: cross-tabulations (n= 282).
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The lowest validity correlation coefficient for the 11 relevant food
groups in the 14-item FFQ was reported for diet soft drinks in Italy
(−0.13), and the highest for semi-skimmed milk in Italy (0.59). Over-
reporting by the 14-item FFQ occurred for most of the 11 food groups.
In the present study, the reliability and validity correlation

coefficients of the I-FFQ are comparable to the two studies above.
Some validity correlation coefficients were higher in the two
Vereecken’s studies than in ours.13,18 The percentage of gross
misclassification in I-FFQ was smaller than in Vereecken’s first
study18 and the I-FFQ demonstrated less systematic over-
reporting than was seen in Vereecken’s second study.13

Moore et al.8 observed misreporting of dietary intake among
children based on social desirability.8 In our study, the consump-
tion frequency of three food groups representing recommended,
healthy foods were slightly overestimated, whereas the food
group ‘cakes and so on’ was underestimated. Body mass index
was not associated with agreement between I-FFQ and the
reference method. Previous studies suggest that weight status is
associated with misreporting more strongly in older children and
adolescents compared with younger children.2

As in the study by Vereecken et al.,13 estimates of reliability and
validity differed between countries in our study. Differences
between countries may be due to small differences in adminis-
trating the methods, or to true regional and cultural differences.
Relevant cultural factors may include children’s participation in
cooking, knowledge about food and nutrients, and curricula at
schools. It is very unlikely that the observed differences would be
due to differences in cognitive abilities.
Analyses of children’s interpretation of predetermined food

groups indicated that participants had no difficulties in under-
standing what most food groups meant. Yet the validity of
consumption frequency of many of the food groups was only poor
or moderate. This suggests that the key issue in the validity of
I-FFQ may be participants’ ability to conceptualize time and
consumption frequency. Choosing a frequency category out of
7 weekly alternatives is a difficult cognitive task. Livingstone and
Robson19 pointed out that a limited concept of time is one of the
issues that may complicate the dietary assessment of children. As
an alternative to the traditional format of a FFQ, future studies
could consider using a method in which children are asked to
specify the consumption frequency themselves. Another possibi-
lity for the low-to-moderate correlations could be that the 3-day
period for PFD was too short to capture the normal day-to-day

variation of food consumption. However, when designing the
study we wanted to choose a method that would not be too
burdensome for our young participants.
In our study, especially beverages typically sold by the bottle

or can (energy drinks, sports drinks and regular soda) were well
interpreted; their validity correlation coefficients were the highest,
with the smallest difference between the country sites. It is
possible that the consumption pattern of such products is easier
for children to conceptualize compared with many other food
groups. Food groups that were not well interpreted included
assumptions about nutritive value or ingredients (‘meat alter-
natives’/protein content, ‘diet soda’/no sugar, ‘whole-grain bread
and so on’/high fiber content, ‘fruit juice’/only fruit as ingredient,
‘dark-green vegetables’/not any green vegetable but specific and
nutritive dark-green vegetables). These food groups had also large
variation in validity correlation coefficients between countries.
Our results suggest that food groups in child FFQs should

be formulated based on attributes familiar to children. Criteria
related to topics unfamiliar to children should be avoided
(cooking method, ingredients and nutritive value). Cooking habits
and food knowledge, for example, are also most likely to vary
between different regions of the world, whereas some food
groups, such as cheese, are quite universal.
The limitation of short FFQs is that they do not cover all foods in

an individual’s diet. On the other hand, they are designed to
capture usual consumption patterns unlike, for example, a 24-h
food recall, which measures the food intake of a single day.
Besides individual food groups, FFQs can be used for compiling
diet scores and indices as has been done in the ISCOLE study.20

To conclude, the reliability of the I-FFQ was moderate.
Its validity was acceptable for assessing the consumption of most
food groups among the 9–11-year-old participants in our
international sample. However, the validity of assessment of ‘fruit
juice’ consumption was poor. Our study involved three countries
with clearly different dietary habits. The results did not indicate
any substantial country site-specific bias in the reliability or validity
of the I-FFQ. Moreover, our three-country approach is likely to give
a robust projection about the performance of the items in I-FFQ in
other similar settings.
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Figure 4. Participants’ interpretation of food groups in PFD reported (n= 282).
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