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Abstract
Objective: To examine the relative validity of an FFQ based on parental report for
pre-school children in the mother–child ‘Rhea’ birth cohort.
Design: The children’s mothers completed an FFQ that referred to the children’s
dietary intake for the previous year by telephone interview. Mothers completed
also three food records, two on weekdays and one on a weekend day. Spearman
correlation coefﬁcients were calculated for the energy-adjusted values. Weighted
kappa statistics (κw) and the Bland–Altman technique were used to test the degree
of agreement between the two dietary methods.
Setting: Heraklion, Crete, Greece, 2011–2012.
Subjects: A total of ninety-nine mothers (corresponding to ﬁfty-one boys and fortyeight girls) participated in the validation study.
Results: The mean and median values of all food group and nutrient intakes did
not differ signiﬁcantly between the two dietary methods. Overall, fair agreement
was observed between the FFQ and the food records for ranking participants
based on their intake, with κw ranging from 0·21 to 0·40 for most foods and
nutrients. On average, 88 % of participants were classiﬁed into the same or
adjacent tertiles for nutrient and food group intakes by both dietary methods. The
degree of agreement was also conﬁrmed by the visual examination of the
Bland–Altman plots.
Conclusions: The study indicates that the Rhea 4 years FFQ is a relatively accurate
tool for assessing habitual food group and nutrient intakes among pre-school
children in Crete, Greece.

Early-life nutrition has been established not only as a key
component for the maintenance of lifelong health(1), but
also as a major determinant of chronic diseases such as
type 2 diabetes(2), CVD(3,4), obesity(5,6), hypertension(7,8),
allergies(9,10) and certain cancers(11). Contrary to other risk
factors, diet is potentially modiﬁable, especially in childhood. It is therefore important to assess dietary intake with
valid tools in order to establish the role early nutrition
plays in chronic disease promotion or prevention.
In large-scale population studies, it is a continuous
challenge to assess diet during childhood. FFQ, 24 h
recalls and food records (FR) are well-known dietary
assessment instruments based on parental report(12).
Although accurate, 24 h recalls and FR are time consuming
and costly(13). On the other hand, FFQ are designed to
measure long-term intake and are a less expensive and
lengthy option(14,15). In order to assess the relative validity
of an FFQ, 24 h recalls and FR are usually used as they do
not require participant literacy and provide high levels of
speciﬁcity(1,13,16,17).
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The aim of the present study was to examine the relative validity of an FFQ designed for pre-school children
aged 4 years in the region of Heraklion, Crete, Greece,
against 3 d FR.

Methods
Validation study participants and design
The present study is a sub-project of the mother–child ‘Rhea’
study in Crete(18). In summary, the Rhea study has been
following a total of 1317 women and their offspring since
2007–2008. Healthy children participating in the Rhea cohort
were invited to take part in the validation study when they
came for their routine follow-up at 4 years (2011–2012),
which included children’s dietary assessment via an FFQ.
The Rhea cohort has obtained dietary information for
mothers and children at different time points up to 4 years:
during pregnancy, at 9 and 18 months postpartum and
recently at 4 years. The mothers who agreed to participate in
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the validation study were asked to keep a 3 d weighed FR
for their children. Of the 204 mothers who were invited to
participate in the validation study, 104 completed the FR.
Five of them did not complete the FR correctly and thus
were excluded from the analysis. The ﬁnal number of
participants included in the validation study was ninety-nine
children (ﬁfty-one boys, forty-eight girls). Information on
child and maternal characteristics such as weight, height,
lifestyle characteristics, parity, marital status, smoking status
and maternal education were gathered at enrolment and
during the 4-year follow-up.
The study was conducted according to the guidelines
laid down in the Declaration of Helsinki and all procedures involving human subjects were approved by the
ethical committee of the University Hospital in Heraklion,
Crete, Greece. Written informed consent was obtained
from all women participating in the study.
Dietary assessment
The Rhea follow-up FFQ is a newly developed questionnaire designed to assess habitual dietary intake in preschool children. The Rhea follow-up FFQ was completed
by telephone interview where parents were asked to recall
their child’s diet for the previous year. The Rhea follow-up
FFQ is a semi-quantitative questionnaire that asks about the
intake of 118 food items. It also includes nine supplementary questions regarding type of meals during the day
(breakfast, morning snack, lunch, afternoon snack, dinner,
evening snack), use of dietary supplements (brand name of
product, number of daily doses, time period of intake), type
of fat used for cooking, medical conditions that can affect
diet (i.e. high cholesterol), frequency of meals consumed in
restaurants or takeaways, and television viewing during
meals. The interviewer could also add anything else consumed by the child that was not included in the existing list
of the 118 food items. Mothers could choose from one or
two portion sizes, and reported the child’s frequency of
intake (times per day, week, month or year, or never).
Seasonality of consumption could also be reported in all
food items.
In the validation study, the FR was self-administered by
the participants who received the FR via post (including a
prepaid envelope) together with instructions on how to
complete it. Additional information and clariﬁcations were
provided by telephone. Parents were asked to feed their
child his/her normal diet, to weigh and record all foods,
beverages and dietary supplements consumed by their child
during two consecutive weekdays and one weekend day,
and were also asked to collect information about their child’s
diet from the caregiver or day nursery. Upon collection, the
FR were checked for completeness by a nutritionist.
Analysis of food consumption data
In the present study, FFQ and FR data were converted
into daily intakes of foods and nutrients using the UK
food tables (McCance & Widdowson’s The Composition of

V Leventakou et al.

Foods, 6th summary edition) and standard Greek recipes
for complex mixed dishes. For the FR, the mean of the
three recording days was assessed. The dietary intake data
were analysed by using a software program developed at
the Department of Applied Information Technology and
Multimedia, TEI-Crete, Heraklion, Crete, Greece.
Statistical analysis
Pearson’s χ2 test for independence was used to compare
the number of participants classiﬁed according to maternal
education, marital status, residence, smoking status, parity
and child gender in the validation study sample and the
Rhea sample, as well as in the validation study sample
and those who did not send back FR (non-responders).
The Mann–Whitney U test was used to compare both
maternal and child age and BMI. The nutrients presented
in the current study were extracted from food sources
only. The differences in food group and nutrient intakes
between the Rhea follow-up FFQ and the FR were tested
with the Wilcoxon signed-rank test in order to identify
systematic bias. The relationship between the two dietary
methods was assessed by using the Spearman rank correlation coefﬁcient.
The agreement between the two methods was analysed
as proposed by Bland and Altman(19), using a graphical
technique and simple calculations for all nutrient and
food group intakes. This was accomplished by plotting
the differences in intakes between the FFQ and FR v. the
mean intakes of the FFQ and FR. The 95 % limits of agreement (mean difference ± 1·96 SD) show how well the two
methods agree. This was performed for all nutrients and
food groups, and some of the plots are presented herein.
Following the graphical representation, when the standard
error increased at higher measured values, the detection of
heteroscedasticity was possible. The degree of heteroscedasticity was examined using Kendall’s tau correlation (τ)
between the absolute differences and the mean of the two
dietary methods. When τ > 0·1 the data are heteroscedastic
and when τ < 0·1 or negative the data are homoscedastic.
Furthermore, agreement on a categorical level was
examined by classiﬁcation of food and nutrient intakes into
the same (correct classiﬁcation), adjacent or opposite tertiles
(gross misclassiﬁcation) by the FFQ and the FR for energyadjusted intakes. The agreement between the two dietary
methods was additionally assessed with the weighted kappa
statistic (κw) based on the Fleiss–Cohen quadratic weighting
scheme and 95 % conﬁdence intervals are presented(20). The
following ranges describe the different degrees of agreement: κw = 0·00 to 0·20 (slight agreement), κw = 0·21 to 0·40
(fair agreement), κw = 0·41 to 0·60 (moderate agreement),
κw = 0·61 to 0·80 (substantial agreement) and κw = 0·81 to
1·00 (almost perfect agreement)(21).
All analyses were performed with crude data and
energy-adjusted data using the residual method(22).
The signiﬁcance level was set at 5 % and a two-sided
alternative hypothesis. All statistical analyses were performed
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using the statistical software packages IBM SPSS Statistics
version 20·0 and STATA SE version 13·0.

Results
The validation study participants were compared with the
total population of the Rhea study (Table 1). No differences
were found between these two groups regarding several
sociodemographic characteristics such as maternal and child
age, maternal education and origin, child gender, marital
status, residence, maternal and child BMI and maternal
parity. Similarly, no differences were found between the
validation study participants and those who, though enrolled, did not send FR (non-responders), with the exception of
smoking status (data not shown).
The mean age of mothers participating in the current
study was 33·6 years, 36·4 % of them were highly educated
and the great majority were married and of Greek origin
(87·9 % and 96·0 %, respectively; Table 1). The children
participating in the validation study were 3·7 years old
with a mean BMI of 16·5 kg/m2.
Table 2 presents the mean and median daily intakes of
food groups and nutrients as assessed by the FFQ and the

FR. In particular, the FFQ recorded higher intakes of
vegetables, fruits, milk and eggs, while lower intakes were
recorded for sugar preserves and confectionery, pulses,
poultry and red meat. For all nutrients and food groups,
according to the Wilcoxon signed-rank test, the mean
difference between the methods (systematic bias) was
not statistically signiﬁcant. The average energy-adjusted
correlation coefﬁcient between the two dietary assessment
methods for food groups was 0·380, ranging from r = 0·109
for poultry to r = 0·671 for milk. The mean and median
intakes of all nutrients were larger when assessed by the
FFQ than by the FR (Table 2). The average correlation
between the two dietary assessment methods for nutrients
was 0·315, ranging from r = 0·099 for total fat to r = 0·484
for vitamin B12 and iodine. The average energy-adjusted
Spearman’s correlation coefﬁcient reached statistical signiﬁcance for almost all food groups and nutrients.
The differences between the FFQ and FR for absolute
intakes of nutrients and foods were examined using
Bland–Altman plots. The plots for all nutrients and food
groups were similar to the plot for energy (Fig. 1(a)), fat
(Fig. 1(d)) and carbohydrate intake (Fig. 1(e)). For all plots
the 95 % limits of agreement indicated fairly good agreement between the two dietary methods, although for

Table 1 Characteristics of the participants included in the validation study of the mother–child ‘Rhea’ birth cohort, Heraklion, Crete, Greece,
2011–2012 and comparison with the total population of the Rhea study
Validation study
(n 99)

Maternal education
Low
Medium
High
Mother’s origin
Greek
Other
Marital status
Married/engaged
Other
Residence
Urban
Rural
Smoking status
Smoker
Non-smoker
Parity
Multiparous
Primiparous
Child gender
Male
Female

Maternal age (years)
Maternal BMI (kg/m2)
Child age (years)
Child BMI (kg/m2)

Rhea
(n 1008)

n

%

n

%

P value

13
50
36

13·1
50·5
36·4

169
495
292

17·7
51·8
30·5

95
4

96·0
4·0

929
67

93·3
6·7

87
12

87·9
12·1

853
106

88·9
11·1

63
25

71·6
28·4

555
219

71·7
28·3

19
69

21·6
78·4

292
484

12·5
87·5

50
47

51·5
48·5

543
403

57·4
42·6

51
48

51·5
48·5

526
482

52·2
47·8

Mean

SD

Mean

SD

P value

33·64
25·59
3·65
16·48

5·37
5·44
0·11
1·87

33·50
25·43
3·69
16·43

4·92
4·92
0·39
1·98

0·910
0·973
0·639
0·845

0·353

0·301
0·748
0·982
0·003*
0·268
0·894

Missing values have been excluded (pair-wise: validation study, Rhea): maternal education (n 0, n 52); Greek origin (n 0, n 12); marital status (n 0, n 49);
residence (n 11, n 234); smoking status (n 11, n 232); parity (n 2, n 62); child gender (n 0, n 0).
*Statistically significant difference (P < 0·05) based on Mann–Whitney U test for two independent samples and Pearson’s χ2 test for independence.
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Table 2 Daily food and nutrient intakes assessed by the FFQ and the 3 d food record (FR), and differences between both methods, among
pre-school children (fifty-one boys and forty-eight girls) in the validation study of the mother–child ‘Rhea’ birth cohort, Heraklion, Crete,
Greece, 2011–2012
FFQ

Food groups
Sugar preserves and
confectionery (g)
Vegetables (g)
Fruits (g)
Pulses (g)
Milk (g)
Poultry (g)
Red meat (g)
Eggs (g)
Nutrients
Protein (g)
Carbohydrate (g)
Total fat (g)
MUFA (per 100 g)
PUFA (per 100 g)
SFA (per 100 g)
Vitamin B12 (μg)
Vitamin C (mg)
Folate (μg)
Zn (mg)
Ca (mg)
Fe (mg)
Iodine (μg)
P (mg)

n

Mean

98

45·0

SD

Median

35·0

Mean

37·4

Median

0·437*

91·2 93·9
125·8 148·5
8·5
9·0
316·7 218·1
28·3 23·1
29·1 29·7
16·7 16·3

0·936
0·998
0·866
0·264
0·656
0·398
0·591

0·362*
0·505*
0·318*
0·622*
0·038
0·183
0·384*

0·295*
0·597*
0·322*
0·671*
0·109
0·253*
0·427*

53·6 13·4
99
60·7 13·7
58·1 17·4
54·8 11·7
99 161·8 35·1 162·2 45·8 136·3 38·4 132·5 49·6
99
78·4 19·7
78·8 22·8
71·7 19·2
71·6 24·2
99
28·6
8·4
27·4 10·3
25·8
8·9
25·0 11·6
99
5·2
1·5
5·2
1·6
5·0
1·9
4·8
2·5
99
33·6
8·7
32·4 11·2
29·1
7·9
29·1 11·2
99
5·7
3·0
5·7
4·4
4·0
2·2
3·7
2·8
99 110·2 46·8
96·5 77·0
71·9 41·8
69·5 52·6
99 222·1 56·2 218·4 70·8 163·8 57·2 159·8 70·5
99
7·0
1·6
6·8
2·0
6·0
1·3
5·8
1·8
99 1184·5 360·0 1136·2 406·6 968·7 289·0 965·2 377·6
99
7·9
2·6
7·5
2·7
6·7
2·9
6·5
3·1
99 191·2 94·9 184·8 125·4 153·9 69·0 144·4 70·0
99 1255·6 311·0 1189·1 398·2 1074·0 262·3 1044·5 349·1

0·821
0·812
0·589
0·505
0·834
0·975
0·562
0·802
0·724
0·761
0·772
0·989
0·287
0·655

0·242*
0·160
0·178
0·129
0·156
0·175
0·411*
0·342*
0·268*
0·159
0·447*
0·134
0·411*
0·404*

0·338*
0·162
0·099
0·211*
0·352*
0·177
0·484*
0·434*
0·338*
0·322*
0·379*
0·222*
0·484*
0·401*

94·6 60·0
138·9 107·2
11·2
7·4
348·7 161·9
31·3 17·9
32·4 21·0
18·7 13·9

42·9

IQR

0·463*

145·1 86·2
154·1 163·0
5·5
4·1
408·0 251·7
12·3
8·6
21·9 14·9
20·8 17·7

51·4

SD

0·716

156·0 76·9
179·1 103·3
6·4
3·6
423·0 247·1
13·8
8·2
24·4 12·8
20·2 11·5

40·3

IQR

Difference
Spearman’s correlation r
(FFQ – FR)
P value† Unadjusted Energy adjusted

50·0

99
94
51
99
62
99
88

27·6

FR

IQR, interquartile range.
*Statistically significant Spearman’s r (P < 0·05).
†Wilcoxon signed-rank test, adjusted for energy intake (P < 0·05 indicates significance).

energy intake the limits of agreement were wide. The
Bland–Altman analysis showed a positive mean difference,
indicating that the FFQ recorded higher intakes than the FR.
The plots for vegetable (Fig. 1(b)) and fruit intake (Fig. 1(c))
indicate a suspicion of data being heteroscedastic. This was
examined using Kendall’s τ correlation, which was found
not to be statistically signiﬁcant for fruits (τ = − 0·01;
P = 0·904) and vegetables (τ = 0·08; P = 0·112). Heteroscedasticity was tested for all nutrients and food groups
with no signiﬁcant results.
Cross-classiﬁcation into tertiles showed that the percentage of participants correctly classiﬁed ranged from
37·3 % for Fe to 58·6 % for iodine, as regards nutrient
intakes (Table 3). For food group intakes, the percentage
of participants correctly classiﬁed ranged from 36·5 % for
poultry to 58·5 % for both milk and fruits. On average,
89 % of children were classiﬁed by both methods into the
same or adjacent tertiles according to their food group
intakes and 87 % according to their nutrient intakes.
Overall, the agreement between the FFQ and the FR
was generally moderate when tested with κw (Table 3)
since most food groups and nutrients reached statistical
signiﬁcance, although few moderate agreements were
observed. After adjustment for total energy intake, the κw
values ranged from 0·12 (poultry) to 0·62 (milk) for the
food groups and from 0·12 (SFA) to 0·48 (iodine) for the
nutrients. Substantial agreement was observed for milk

(κw = 0·62), while moderate agreement was observed for
fruits, vitamin B12 and iodine (κw = 0·57, 0·44 and 0·48,
respectively; Table 3).

Discussion
The present study is the ﬁrst validation study of an FFQ
addressed to pre-school children in Greece. The participants
were selected from the population for which the questionnaire was designed, and there were no differences
regarding sociodemographic characteristics between the
study participants and the overall population of the Rhea
cohort, with the exception of maternal smoking status.
The average correlations of energy-adjusted data between
the FFQ and FR found in the present study (r = 0·38 for food
groups and r = 0·31 for nutrients) are low to moderate but
comparable to those reported in other validation studies. In a
validation study conducted by Blum et al.(23) on pre-school
children aged 1–5 years, moderate correlations were reported for nutrients ranging from r = 0·26 to r = 0·63, while the
average correlation was r = 0·52. Similar correlations were
found by Parrish et al.(24), with range from r = 0·33
to 0·42 for nutrients, in a study conducted in children aged
1–3 years. For older children aged 4–9 years, Wilson and
Lewis(25) reported correlations from 0·40 to 0·55 for nutrients.
Additionally, Treiber et al.(12) reported a mean correlation of
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Fig. 1 Bland–Altman plots showing the agreement between the FFQ and the 3 d food record (FR) in estimating daily nutrient and
food group intakes among pre-school children (fifty-one boys and forty-eight girls) in the validation study of the mother–child ‘Rhea’
birth cohort, Heraklion, Crete, Greece, 2011–2012. The difference between the two methods (FFQ – FR) is plotted v. the mean of
the two methods (FFQ + FR)/2), where ——— represents the mean difference between the two dietary methods and - - - - represent the 95 % limits of agreement (LOA; corresponding to the mean difference ± 1·96 SD), for: (a) energy intake (mean
difference = 794 kJ and LOA = − 2589 kJ, 4179 kJ); (b) vegetable intake (mean difference = 61 g and LOA = − 102 g, 225 g); (c) fruit
intake (mean difference = 45 g and LOA = − 176 g, 226 g); (d) fat intake (mean difference = 6 g and LOA = − 42 g, 55 g); (e)
carbohydrate intake (mean difference = 25 g and LOA = − 69 g, 120 g)

0·67 (range: r = 0·42 to 0·83) for nutrients in a study of ﬁftyﬁve children aged 3–5 years. Weaker correlations (r = 0·48
for total energy, r = 0·35 for total fat and r = 0·37 for saturated
fat) were observed in a study performed by Stein et al.(26),
probably due to incorrect parental reports on dietary intake
when children were not under their surveillance.
In our validation study, we found moderate agreement
between the FFQ and FR as regards food groups and
nutrients. Calculating solely correlations is not sufﬁcient

to give credence to the FFQ. Comparisons of tertiles
are more informative than a correlation coefﬁcient when
reporting the capacity of an assessment method to rank
persons with regard to their intake(27). In our analysis, in
spite of the relatively modest correlations between the two
dietary methods, the Rhea follow-up FFQ and FR showed
relatively good agreement in ranking participants based
on their food and nutrient intakes. The degree of misclassiﬁcation was overall small, while the majority
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Table 3 Cross-classification of participants by tertiles of calculated daily food group and nutrient intakes from the FFQ and the 3 d food
record (FR) among pre-school children (fifty-one boys and forty-eight girls) in the validation study of the mother–child ‘Rhea’ birth cohort,
Heraklion, Crete, Greece, 2011–2012
Agreement of tertiles for food groups and nutrients

Food groups
Sugar preserves and confectionery (g)
Vegetables (g)
Fruits (g)
Pulses (g)
Milk (g)
Poultry (g)
Red meat (g)
Eggs (g)
Nutrients
Protein (g)
Carbohydrate (g)
Total fat (g)
MUFA (per 100 g)
PUFA (per 100 g)
SFA (per 100 g)
Vitamin B12 (μg)
Vitamin C (mg)
Folate (μg)
Zn (mg)
Ca (mg)
Fe (mg)
Iodine (μg)
P (mg)

Correctly
classified (%)

Adjacent
classified (%)

Grossly
misclassified (%)

Weighted
kappa (κw)†

49·0
43·4
58·5
47·0
58·5
36·5
44·7
45·5

39·8
39·5
36·1
41·2
38·5
47·3
39·7
44·3

11·2
17·1
5·4
11·8
3·0
16·2
15·6
10·2

0·37*
0·21*
0·57*
0·31*
0·62*
0·12
0·17*
0·36*

0·23,
0·05,
0·53,
0·20,
0·47,
0·00,
0·06,
0·16,

0·44
0·31
0·63
0·45
0·73
0·20
0·32
0·42

38·4
39·4
38·4
41·4
47·5
43·4
52·5
39·4
43·4
43·4
49·5
37·3
58·6
53·6

48·4
46·4
46·4
40·4
42·4
36·4
38·4
50·5
44·4
42·4
38·4
46·5
32·3
32·2

13·2
14·2
15·2
18·2
10·1
20·2
9·1
10·1
12·2
14·2
12·1
16·2
9·1
14·2

0·24*
0·23*
0·20*
0·15
0·38*
0·12
0·44*
0·32*
0·30*
0·26*
0·35*
0·17*
0·48*
0·33*

0·15,
0·10,
0·01,
0·01,
0·28,
0·01,
0·39,
0·20,
0·21,
0·03,
0·19,
0·03,
0·32,
0·17,

0·32
0·42
0·34
0·32
0·53
0·28
0·52
0·40
0·40
0·44
0·39
0·24
0·59
0·53

95 % CI

Correctly classified if classified into the same tertile and grossly misclassified if classified into opposing tertiles.
*Statistically significant κw (P < 0·05).
†κw analysis of the agreement between the FFQ and the FR was undertaken on energy-adjusted data, using Fleiss–Cohen quadratic weight.

of participants (88 %) were classiﬁed into the same or
adjacent tertiles for both food groups and nutrients.
The moderate agreement found between the two dietary
methods was also attested by the Bland–Altman technique.
The plots for energy, fat and carbohydrate intakes suggest
that the mean differences between the FFQ and FR are
similar not only at low but also at high intakes, with the
limits of agreement wide for energy intake. This was also
observed in all plots for nutrients and food groups (data not
shown), except for fruits and vegetables where the mean
differences increased at high intake. Furthermore, the test
for heteroscedasticity showed no signiﬁcant correlations
(P > 0·05). Overall, the plots showed a small positive mean
difference for food groups and nutrients between the two
dietary methods, indicating that the Rhea 4 years FFQ tended to slightly overestimate food group and nutrient intakes
compared with the FR. Nevertheless, the overestimation of
nutrients suggested by the Rhea 4 years FFQ in the present
study is in agreement with previous studies(12,24,26).
The energy adjustment method was used in order to
reduce dietary method error and to avoid misleading
conclusions based on the differences found in total energy
intake among participants. In fact, the energy-adjusted
correlation coefﬁcients were higher than the crude for
almost all food groups and nutrients. In this analysis, we
excluded those food groups with very low consumption
(<50 % of study participants).

The degree of agreement between the FFQ and FR could
also be affected by parameters such as time span covered by
the dietary tool, the ability to record seasonality and day-today variability(28). In particular, the great variation in dietary
intake is more pronounced in children, leading to weakened
agreement between the different dietary tools used(29).
Finally, a limitation of validation studies is that they are not
applicable to other populations(30).
Conclusion
In summary, the present validation study indicates that
the Rhea 4 years FFQ produces a realistic and relatively
precise estimate of habitual intakes of food groups and
nutrients among pre-school children in Crete, Greece.
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