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Abstract

Background: A previous study reported the development a 75-item food frequency questionnaire for Japanese
children (CFFQ). The first aim was to examine the reproducibility and validity of the CFFQ in order to assess dietary
intake among two groups; 3-11 year old children (YC group) and 12-16 year old children (AD group). The second
aim was to use the CFFQ and the FFQ for adults (AFFQ), and to determine which was better suited for assessing
the intake of children in each group.

Methods: A total of the 103 children participated in this study. The interval between the first CFFQ and AFFQ and
the second CFFQ and AFFQ was one month. Four weighted dietary records (WDRs) were conducted once a week.
Pearson’s correlation coefficients between the first and second FFQs were calculated to test the reproducibility of
each FFQ. Pearson’s correlation coefficients between WDRs and the second FFQ were calculated for the unadjusted
value and sex-, age-, and energy-adjusted values to determine the validity of each FFQ.

Results: The final number of subjects participating in the analysis was 89. The median correlation coefficients
between the first and second CFFQs and AFFQs were 0.76 and 0.73, respectively. There was some over/
underestimation of nutrients in the CFFQ of the YC group and in the AFFQ of the AD group. The medians of the
sex-, age-, and energy-adjusted correlation coefficients were not different between the YC and AD groups for each
FFQ. The correlation coefficient in sex-, age-, and energy-adjusted value revealed that the largest number of
subject with high (0.50 or more) value was obtained by the CFFQ in the YC group.

Conclusions: This study indicated that the CFFQ might be a useful tool for assessing habitual dietary intake of
children in the YC group. Although the CFFQ agreed moderately with habitual intake, it was found to
underestimate intake in theAD group. However, for the AFFQ, the ability to rank habitual intake was low. Therefore,
it is necessary to develop a new FFQ or modify an existing FFQ to accurately assess the habitual diet of children in
the AD group.

Background
It is thought that childhood is not only the major period
of growth, but is also the time when eating habits are
formed [1]. An inactive lifestyle and long-term eating
habits such as irregularity and overeating affect the
initiation and onset of lifestyle-related diseases, such as
obesity, diabetes, and cardiovascular disease. In order to

prevent these diseases, it is desirable that individuals
should acquire appropriate dietary habits during child-
hood. We cannot conduct weighed dietary records
(WDRs) for extended periods of time for children
because keeping a WDR puts a heavy burden on the
participant’s parents as surrogates. It is also not feasible
to conduct 24-hour recall for multiple days in order to
assess children’s habitual dietary intake, because it is dif-
ficult to obtain accurate dietary information because
children lack knowledge about foods and cooking meth-
ods [2-4]. Although the quantitative assessment of food
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intake using a food frequency questionnaire (FFQ) may
be less accurate compared with a WDR and 24-hour
recall, it is a method that can assess the habitual dietary
patterns of many subjects, even from a one-time
investigation.
In many epidemiological studies, a FFQ originally

developed for adults was applied for the assessment of
dietary intake in children [5-8]. We thought that a diet-
ary survey method for children was more suitable to
assess their dietary intake than the method developed
for adults. However, there have been no reports of the
validity of the conventional FFQ for adults or of the
FFQ for children in the Japanese pediatric population
[9]. To prove our hypothesis, we previously developed a
75-item FFQ (CFFQ) to assess the habitual diets of Japa-
nese children [10]. This CFFQ included the average por-
tion size consumed by 3 to 11-year-old children,
including both the individual foods and the items in
mixed dishes. However, the reproducibility and validity
of this questionnaire in the target group needed to be
examined. In addition, we wanted to confirm the validity
of the FFQ in adolescents, because there have been no
FFQs developed for adolescents in Japan [9].
The aims of this study were two-fold. The first aim

was to examine the reproducibility and validity of the
CFFQ in order to assess dietary intakes among two
groups of children divided by age:, 3 to 11 year old chil-
dren (YC group) and 12 to 16 year old children (AD
group). The second aim was to determine more suitable
FFQ for assessing the children’s intake in both groups.
To accomplish this, we applied the CFFQ and the FFQ
for adults (AFFQ), which was previously developed for
dietary assessment in adults by Date et al. [11], for the
two groups of children.

Methods
Subjects
The study participants were healthy children enrolled at
the kindergarten, elementary school, and secondary

school attached to Nara Women’s University. A total of
111 participants were chosen by the teachers of each
school. We grouped the participants into a “Young Chil-
dren” group (YC group; 3-11 years) and an “Adolescent”
group (AD group; 12-16 years). We explained the pur-
pose of the investigation and the methods to the par-
ents/guardians of the YC group in May and June 2008,
and to the participants in the AD group in October of
the same year. A total of 103 parents/guardians (YC
group n = 50, AD group n = 53) gave written informed
consent for their children to participate in this study.
The study was approved by the research ethics commit-
tee of the faculty of human life and environment, Nara
Women’s University.

Study design
Figure 1 shows the design of the study. The two types of
FFQs (the CFFQ and AFFQ) were conducted at the
same time in random order for each subject. The first
FFQs were conducted just before performing the first
WDR. Then, the four-day WDRs were collected once a
week, and on each different day of the week (3 weekdays
and 1 weekend day). We initially allocated the days of
the dietary survey for each subject at random. The sec-
ond FFQs were conducted after the fourth WDR. The
interval between the first FFQs and the second FFQs
was one month.

Food frequency questionnaires
The FFQs were completed by the subjects’ mothers in
the YC group. In the AD group, the subjects self-admi-
nistered the FFQs. We used two FFQs in this study. The
two FFQs included questions about both individual food
items and mixed dishes based upon the typical eating
habits of normal Japanese children or adults.
The first was the CFFQ which was developed specifi-

cally for Japanese children. Details of the CFFQ were
reported previously [10]. In brief, the CFFQ is a newly
developed questionnaire for assessing the habitual

Figure 1 Design of the food frequency questionnaire reproducibility and validity study. The order of the CFFQ and AFFQ was random for
each subject. We applied the FFQs and 4-day WDRs to 50 subjects in the YC group and 53 in the AD group. There were 89 subjects who
completed all FFQs and the 4-day WDRs (YC group n = 48, AD group n = 41). CFFQ: Food frequency questionnaire for dietary assessment in
children. AFFQ: Food frequency questionnaire for dietary assessment in adults. WDR: Weighed dietary record.
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dietary intake of children during the previous month.
The question items and portion size of the CFFQ were
developed from the dietary data of 586 children (age: 3
to 11-years-old). The number of food items on the
CFFQ is 75.
The second was the AFFQ, which was developed for

estimating the habitual dietary intake of Japanese adults
[11]. The AFFQ is composed the 76-food items. The
portion size of the AFFQ is tailored to the average of
the dietary intakes of adults. We did not change the
portion size in this study. Two items concerning alcohol
intake were excluded, leaving 74 items on the AFFQ.
The AFFQ was developed to report the adults’ recall of
their diets over the past year. In this study, the fre-
quency response formats were modified to encompass
the past month for each child’s diet. In Japan, children
are provided with lunch in elementary school on week-
days. Therefore, questions about school lunch were
added in the AFFQ.
For both the CFFQ and AFFQ, the intake frequencies

of the each question item on the FFQs were classified
into four types: seven (i.e., everyday, 5-6 times per week,
3-4 times per week, 1-2 times per week, 2-3 times per
month, 1 time per month, or never), eight (“2-3 times
per day” was added to seven categories), nine (“4-5
times per day” was added to eight categories) and eleven
(“8-10 times per day”, “6-7 times per day” were added to
nine categories) according to the general intake fre-
quency of each item. We used photographs of each
listed food item to estimate one portion. The estimation
of portion size was classified into six categories referring
to the photographs in full-scale size; that is, one-third,
one-half, the same amount, 1.5 times, twice, and ‘other’.

Weighed dietary records
We decided that the subjects’ mothers would keep the
WDRs for the YC group, and either the subjects or their
mothers would keep them in the AD group. In order to
measure the weight of foods, a digital cooking scale
(TANITA digital cooking scale; KD-402-WH, Tokyo,
Japan) was loaned to the subjects for the duration of the
study. On a specified day, the weight of all foods and
beverages that the subjects consumed, from getting up
until going to bed, was measured. The dish name, food
name and weight were recorded for each meal (break-
fast, lunch, dinner and snacks). We asked the respon-
dents to measure the weight of foods before cooking, as
much as they could. The mean value of the four WDRs
was defined as the subject’s habitual intake for one
month.

Calculation of nutrient intake
After the data from the first and second FFQs and the
4-day WDRs were collected, registered dieticians

confirmed the content of the written survey forms. Any
unclear points were inquired of the respondents, and
then FFQs and WDRs were completed. We then calcu-
lated the nutrient intake for each child using the Stan-
dard Tables of Food Composition in Japan (fifth revised
and enlarged edition) [12]. We calculated energy intake
and intake of 26 nutrients (protein, total fat, carbohy-
drate, sodium, potassium, calcium, magnesium, phos-
phorous, iron, zinc, copper, manganese, retinol
equivalent, vitamin D, alpha tocopherol, vitamin K, vita-
mins B1, vitamins B2, niacin, vitamin B6, vitamin B12,
folic acid, pantothenic acid, vitamins C, cholesterol, diet-
ary fiber), and 12 fatty acids (saturated fatty acid, mono-
unsaturated fatty acid, polyunsaturated fatty acid, n-3
polyunsaturated fatty acid, n-6 polyunsaturated fatty
acid, myristic acid, oleic acid, linoleic acid, alpha - lino-
lenic acid, arachidonic acid, icosapentaenoic acid, doco-
sahexaenoic acid) from the WDRs and FFQs.

Statistical analysis
The sample size was calculated to be appropriate for
each group (p < 0.05, 80% power). We considered that
the mean value of nutrients from the four WDRs was
the gold standard (follow WDRs). In order to test the
reproducibility of the FFQs, the Pearson’s correlation
coefficient between the first and second FFQs was calcu-
lated. To test the validity of the FFQs, we calculated the
percent difference of intake between the WDRs and the
second FFQ, using the following formula: (the second
FFQ - WDRs)/WDRs. The paired t-test was used to
examine the difference in nutrient intake between the
WDRs and the second FFQ. Pearson’s correlation coeffi-
cients between the WDRs and the second FFQ were cal-
culated for the unadjusted (crude value) and sex-, age-,
and energy-adjusted values (adjusted value). Energy was
adjusted by the residual method [13]. A Bland Altman
analysis was used to assess the agreement of the mea-
surements between the CFFQ and WDR or the AFFQ
and WDR [14]. The differences between the two meth-
ods were plotted against the mean of the two methods.
Desirable agreement between two methods would result
in a difference of 0.
We found that some nutrients were not normally dis-

tributed, so we calculated the natural log of these vari-
ables, attempting to correct for their non-normally. The
statistical package SPSS for Windows 17.0 (SPSS Inc.
Tokyo, Japan) was used for all statistical analyses.

Results
Subjects
Out of the 103 study participants, we excluded two indi-
viduals who did not eat their daily diet on the survey
days; three who only kept WDRs for less than 2 days;
and six who could not complete four FFQs (i.e, both the
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first and the second CFFQ and the AFFQ). Furthermore,
using the cut-off value proposed by Willett [8], we
excluded three subjects whose energy intake from the
second CFFQ or AFFQ was <800 kcal or >4000 kcal for
boys, and <500 kcal or >3500 kcal for girls. Therefore,
the final number of subjects included for analysis was
89 (YC group n = 48, AD group n = 41). There were 15
children in kindergarten (3-5 years old), 18 in the lower
grades of elementary school (6-8 years old), 15 in the
upper grades of elementary school (9-11 years old), 24
junior high students (12-14 years old), and 17 high
school students (15-16 years old).

Reproducibility of the CFFQ and AFFQ
Table 1 shows the Pearson’s correlation coefficients for
total energy, nutrients and fatty acids between the first
and second CFFQs, and the first and second AFFQs for
all of the subjects. The correlation coefficients varied
from 0.67 for carbohydrate to 0.84 for pantothenic acid
in the CFFQ, and from 0.39 for manganese to 0.83 for
carbohydrate in the AFFQ. The median correlation coef-
ficient was 0.76 in the CFFQ and 0.73 in the AFFQ. For
both the CFFQ and AFFQ, there were significant posi-
tive associations for the energy and 26 nutrients and 12
fatty acids between the first and second FFQs.

Validity of the second CFFQ
Table 2 shows the intakes of total energy, nutrients and
fatty acids determined from the WDRs, and from the
second CFFQ in the YC and AD groups. The mean
energy intake was not significantly different between the
WDRs (1,547 ± 330 kcal/day; i.e. mean ± SD) and the
second CFFQ (1,533 ± 438 kcal/day) in the YC group.
However the energy intake was found to be underesti-
mated for the second CFFQ (1,781 ± 588 kcal/day) com-
pared to the WDRs (2,078 ± 478 kcal/day) in the AD
group. The median percent difference between the
WDRs and CFFQ of nutrients were -2% in the YC
group and -18% in the AD group, respectively. Table 3
shows the correlation coefficients of energy, nutrients
and fatty acids between WDRs and the second CFFQ in
the YC and AD groups. From the CFFQ, the median of
the crude values for nutrients was 0.55 in the YC group
and 0.28 in the AD group. The adjusted values varied
from 0.03 for vitamin C to 0.69 for magnesium in the
YC group (the median; r = 0.39), and from 0.15 for
monounsaturated fatty acid and oleic acid to 0.77 for
vitamin C in the AD group (the median; r = 0.34).

Validity of the second AFFQ
There was the overestimate of the energy intake deter-
mined by the AFFQ in the YC group (1757 ± 538 kcal/
day) (Table 2). However, there was no significant change
in the energy intake calculated from the AFFQ in the

AD group (2257 ± 643 kcal/day). The median percent
difference between the WDRs and AFFQ with regard to
nutrients was 17% in the YC group and 11% in the AD
group. Table 4 shows the correlation coefficients of
energy, nutrients and fatty acids between the WDRs and

Table 1 Pearson’s correlation coefficient between the
first and second FFQs for all subjects

Nutrients CFFQ AFFQ

n = 89 n = 89

Energy (kcal/day) 0.73** 0.80**

Protein (g/day) 0.77** 0.73**

Total fat (g/day) 0.76** 0.71**

Carbohydrate (g/day) 0.67** 0.83**

Sodium (mg/day) 0.76** 0.75**

Potassium (mg/day) 0.77** 0.72**

Calcium (mg/day) 0.78** 0.78**

Magnesium (mg/day) 0.77** 0.79**

Phosphorous (mg/day) 0.79** 0.77**

Iron (mg/day) 0.74** 0.67**

Zinc (mg/day) 0.79** 0.76**

Copper (mg/day) 0.69** 0.75**

Manganese (mg/day) 0.72** 0.39**

Vitamin A (μgRE/day) 0.72** 0.72**

Vitamin D (mcg/day) 0.74** 0.65**

Alpha tocopherol (mg/day)‡ 0.76** 0.73**

Vitamin K (mg/day)‡ 0.82** 0.68**

Vitamins B1 (mg/day)‡ 0.80** 0.78**

Vitamins B2 (mg/day)‡ 0.82** 0.77**

Niacin (mg/day)‡ 0.80** 0.77**

Vitamin B6 (mg/day)‡ 0.82** 0.77**

Vitamin B12 (μg/day)‡ 0.76** 0.71**

Folic acid (μg/day)‡ 0.81** 0.67**

Pantothenic acid (mg/day)‡ 0.84** 0.79**

Vitamins C (mg/day)‡ 0.72** 0.61**

Cholesterol (mg/day)‡ 0.80** 0.67**

Dietary fiber (g/day)‡ 0.78** 0.77**

Saturated fatty acid (g/day)‡ 0.81** 0.80**

Monounsaturated fatty acid (g/day)‡ 0.78** 0.74**

Polyunsaturated fatty acid (g/day)‡ 0.78** 0.72**

n-3 polyunsaturated fatty acid (mg/day)‡ 0.56** 0.72**

n-6 polyunsaturated fatty acid (mg/day)‡ 0.55** 0.71**

Myristic acid (mg/day)‡ 0.71** 0.82**

Oleic acid (mg/day)‡ 0.57** 0.74**

Linoleic acid (mg/day)‡ 0.54** 0.71**

Alpha-linolenic acid (mg/day)‡ 0.58** 0.70**

Arachidonic acid (mg/day)‡ 0.61** 0.68**

Icosapentaenoic acid (mg/day)‡ 0.56** 0.63**

Docosahexaenoic acid (mg/day)‡ 0.55** 0.65**

‡: The data (Alpha tocopherol, Vitamin K, Vitamins B1, B2, Niacin, B6, and B12)
were transformed by natural log to improve normality.

CFFQ: Food frequency questionnaire for dietary assessment in children.

AFFQ: Food frequency questionnaire for dietary assessment in adults.

**: p < 0.01.
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Table 3 Correlation coefficients of nutrients between the WDRs and the CFFQ for young children and adolescents

Nutrients Young children (n = 48) Adolescents (n = 41)

crude valuea adjusted valueb crude valuea adjusted valueb

Energy (kcal/day) 0.66** 0.33*

Protein (g/day) 0.66** 0.19 0.37* 0.23

Total fat (g/day) 0.51** 0.50** 0.14 0.19

Carbohydrate (g/day) 0.66** 0.38** 0.39* 0.22

Sodium (mg/day) 0.40** 0.17 0.23 0.26

Potassium (mg/day) 0.63** 0.45** 0.24 0.44**

Calcium (mg/day) 0.58** 0.34* 0.28 0.26

Magnesium (mg/day) 0.60** 0.69** 0.13 0.19

Phosphorous (mg/day) 0.65** 0.29* 0.30 0.15

Iron (mg/day) 0.47** 0.16 0.20 0.47**

Zinc (mg/day) 0.59** 0.21 0.33* 0.16

Copper (mg/day) 0.59** 0.25 0.24 0.42**

Manganese (mg/day) 0.73** 0.59** 0.31* 0.36*

Vitamin A (μgRE/day) 0.59** 0.27 0.31* 0.34*

Vitamin D (μg/day) 0.43** 0.33* 0.15 0.20

Alpha tocopherol (mg/day)‡ 0.55** 0.40** 0.13 0.43**

Vitamin K (μg/day)‡ 0.43** 0.41** 0.23 0.58**

Vitamins B1 (mg/day)‡ 0.57** 0.31* 0.11 0.38*

Vitamins B2 (mg/day)‡ 0.70** 0.48** 0.38* 0.40*

Niacin (mg/day)‡ 0.61** 0.14 0.42** 0.46**

Vitamin B6 (mg/day)‡ 0.70** 0.42** 0.40* 0.56**

Vitamin B12 (μg/day)‡ 0.43** 0.16 0.40* 0.31

Folic acid (μg/day)‡ 0.55** 0.47** 0.28 0.64**

Pantothenic acid (mg/day)‡ 0.69** 0.43** 0.38* 0.37*

Vitamins C (mg/day)‡ 0.33* 0.03 0.31* 0.77**

Cholesterol (mg/day)‡ 0.47** 0.32* 0.34* 0.30

Dietary fiber (g/day)‡ 0.56** 0.51** 0.22 0.47**

Saturated fatty acid (g/day)‡ 0.60** 0.44** 0.16 0.47**

Monounsaturated fatty acid (g/day)‡ 0.50** 0.41** 0.11 0.15

Polyunsaturated fatty acid (g/day)‡ 0.46** 0.57** 0.07 0.26

n-3 polyunsaturated fatty acid (mg/day)‡ 0.54** 0.56** 0.16 0.36*

n-6 polyunsaturated fatty acid (mg/day)‡ 0.43** 0.56** 0.05 0.23

Myristic acid (mg/day)‡ 0.68** 0.27 0.34* 0.44**

Oleic acid (mg/day)‡ 0.48** 0.43** 0.06 0.15

Linoleic acid (mg/day)‡ 0.43** 0.56** 0.04 0.23

Alpha-linolenic acid (mg/day)‡ 0.37* 0.47** -0.06 0.17

Arachidonic acid (mg/day)‡ 0.50** 0.34* 0.42** 0.39*

Icosapentaenoic acid (mg/day)‡ 0.48** 0.35* 0.30 0.34*

Docosahexaenoic acid (mg/day)‡ 0.52** 0.37* 0.30 0.31

a: Unadjusted Pearson correlation coefficient.

b: Nutrient intakes were adjusted for age, sex and energy.

‡: The data (Alpha tocopherol, Vitamin K, Vitamin B1, Vitamin B2, Niacin, Vitamin B6, and Vitamin B12) were transformed by natural log to improve normality.

CFFQ: Food frequency questionnaire for dietary assessment in children.

AFFQ: Food frequency questionnaire for dietary assessment in adults.

WDR: Weighed dietary record.

SD: Standard deviation.

*p < 0.05, **: p < 0.01.
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Table 4 Correlation coefficients of nutrients between the WDRs and the AFFQ for young children and adolescents

Nutrients Young children (n = 48) Adolescents (n = 41)

crude valuea adjusted valueb crude valuea adjusted valueb

Energy (kcal/day) 0.57** 0.31

Protein (g/day) 0.55** 0.15 0.25 0.32*

Total fat (g/day) 0.41** 0.23 -0.07 -0.01

Carbohydrate (g/day) 0.57** 0.17 0.45** -0.01

Sodium (mg/day) 0.39** 0.41** 0.30 0.41**

Potassium (mg/day) 0.54** 0.53** 0.25 0.34*

Calcium (mg/day) 0.50** 0.33* 0.37* 0.50**

Magnesium (mg/day) 0.50** 0.68** 0.16 0.17

Phosphorous (mg/day) 0.54** 0.28 0.28 0.25

Iron (mg/day) 0.41** 0.27 0.25 0.44**

Zinc (mg/day) 0.49** 0.22 0.36* 0.05

Copper (mg/day) 0.51** 0.47** 0.40* 0.45**

Manganese (mg/day) 0.71** 0.61** 0.26 0.15

Vitamin A (μgRE/day) 0.25 0.42** 0.21 0.30

Vitamin D (μg/day) 0.23 0.24 0.17 0.26

Alpha tocopherol (mg/day)‡ 0.11 0.21 0.01 0.28

Vitamin K (μg/day)‡ 0.16 0.35* 0.28 0.43**

Vitamins B1 (mg/day)‡ 0.48** 0.37* 0.02 0.22

Vitamins B2 (mg/day)‡ 0.24 0.29 0.33* 0.37*

Niacin (mg/day)‡ 0.22 0.34* 0.34* 0.38*

Vitamin B6 (mg/day)‡ 0.33* 0.50** 0.24 0.38*

Vitamin B12 (μg/day)‡ 0.21 0.32* 0.31 0.25

Folic acid (μg/day)‡ 0.18 0.46** 0.16 0.43**

Pantothenic acid (mg/day)‡ 0.26 0.33* 0.29 0.23

Vitamins C (mg/day)‡ 0.25 0.28 0.24 0.51**

Cholesterol (mg/day)‡ 0.09 0.29* 0.20 0.09

Dietary fiber (g/day)‡ 0.51** 0.61** 0.21 0.42**

Saturated fatty acid (g/day)‡ 0.54** 0.31* 0.02 0.32*

Monounsaturated fatty acid (g/day)‡ 0.35* 0.19 -0.13 0.02

Polyunsaturated fatty acid (g/day)‡ 0.13 0.16 -0.09 0.23

n-3 polyunsaturated fatty acid (mg/day)‡ 0.33* 0.33* 0.09 0.35*

n-6 polyunsaturated fatty acid (mg/day)‡ 0.18 0.15 -0.09 0.19

Myristic acid (mg/day)‡ 0.64** 0.18 0.35* 0.63**

Oleic acid (mg/day)‡ 0.37* 0.19 -0.13 0.01

Linoleic acid (mg/day)‡ 0.17 0.16 -0.09 0.20

Alpha-linolenic acid (mg/day)‡ 0.11 0.01 -0.06 0.24

Arachidonic acid (mg/day)‡ 0.45** 0.22 0.17 0.03

Icosapentaenoic acid (mg/day)‡ 0.44** 0.39** 0.27 0.34*

Docosahexaenoic acid (mg/day)‡ 0.38** 0.35* 0.29 0.31

a: Unadjusted Pearson correlation coefficient.

b: Nutrient intakes were adjusted for age, sex and energy.

‡: The data (Alpha tocopherol, Vitamin K, Vitamin B1, Vitamin B2, Niacin, Vitamin B6, and Vitamin B12) were transformed by natural log to improve normality.

CFFQ: Food frequency questionnaire for dietary assessment in children.

AFFQ: Food frequency questionnaire for dietary assessment in adults.

WDR: Weighed dietary record.

SD: Standard deviation.

*p < 0.05, **: p < 0.01.
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the second AFFQ in the YC and AD groups. In the AFFQ,
the adjusted values varied from 0.01 for Alpha-linolenic
acid to 0.68 for magnesium in the YC group (the median;
r = 0.30), and from -0.01 for carbohydrate to 0.63 for
Myristic acid in the AD group (the median; r = 0.29).

Comparison of correlation coefficients for the different
FFQs
We classified the nutrients and fatty acids by their cor-
relation coefficient in adjusted values into 3 categories,
‘less than 0.30’ (low), ‘0.30 or more but less than 0.50’
(medium) and ‘0.50 or more’ (high) based on the CFFQ
and AFFQ. For the CFFQ, the number of nutrients clas-
sified as low, medium, and high was 11, 19 and 9 in the
YC group, and 16, 18 and 5 in the AD group, respec-
tively. And for the AFFQ, the number of nutrients was
19, 15 and 5 in the YC group and 21, 15 and 3 in the
AD group.

Bland Altman analysis
The agreements between the WDR and CFFQ or the
WDR and AFFQ were assessed using Bland Altman ana-
lysis (Figures 2 and 3). The intake of energy and 18
nutrients (carbohydrate, potassium, zinc, copper, vitamin
D, alpha tocopherol, vitamin K, vitamin B1, vitamin B2,
vitamin B6, folic acid, monounsaturated fatty acid, n-3
polyunsaturated fatty acid, oleic acid, linoleic acid,
alpha-linolenic acid, and arachidonic acid) in the CFFQ
and the intake of energy and 11 nutrients (protein, car-
bohydrate, zinc, copper, vitamin D, alpha tocopherol,
vitamin K, vitamins B1, folic acid, vitamin C) in the
AFFQ showed agreement between the two methods.

Discussion
Correlation coefficients on the order of 0.5 to 0.7 appear
to be typical for the reproducibility of nutrient intake
[15]. Cullen et al. (r = 0.21-0.72) [16] and Teiber et al.
(r = 0.42-0.74) [17] reported reproducibility of FFQs for
children. In our study, the correlation coefficients
between the first and second FFQs were higher (r =
0.76 in CFFQ, r = 0.73 in AFFQ) than those in their
reports.
We had assumed that the CFFQ would be a more sui-

table method for assessing children’s diets than the
AFFQ. The median of the adjusted values between the
WDRs and CFFQ were r = 0.39 in the YC group and
r = 0.34 in the AD group. The value between the WDRs
and AFFQ were r = 0.30 and r = 0.29, respectively. The
same moderate correlations were reported by Rockett et
al. (r = 0.21-0.58) [2], Marshall et al. (r = 0.20-0.52)
[18], and Blum et al. (r = 0.26-0.63) [19]. When we clas-
sified the energy and nutrients by their correlation coef-
ficients in adjusted values into 3 categories, for the YC
group, the number of nutrients classified as medium
and high was 28 in the CFFQ and 20 in the AFFQ. For
the AD group, the number was 23 and 18, respectively.
Comparing the CFFQ and AFFQ, the CFFQ was more
suitable than the AFFQ in both the YC and AD group.
In our study, we found a small difference between the

YC and AD groups in terms of the CFFQ or AFFQ.Cul-
len et al. compared the validity of the FFQ between a
group of 10 to 12-year-old children and 13 to 17-year-
old adolescents [16]. They reported that the validity was
higher in the 13 to 17-year-old group, probably because
knowledge about foods or dishes was greater among the

Figure 2 Agreement of the estimates of arachidonic acid intake between the four WDRs and the CFFQ for all subjects. CFFQ: Food
frequency questionnaire for dietary assessment in children. WDR: Weighed dietary record. SD: Standard deviation.
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older subjects. However, we obtained higher median
adjusted values between the WDRs and CFFQ or the
WDRs and AFFQ in the YC group than in the AD
group. The reason for such differences might have been
because the mother completed both the WDRs and
FFQs for the subjects in the YC group, while in the AD
group, although FFQs were completed by the subjects,
the WDRs were completed by either the subjects or
their mothers. Because we considered that the subjects
in the AD group had more opportunities to eat foods
and snacks unknown to their guardians/parents than
those in the YC group, we asked the subjects in the AD
group to complete the FFQs. However, it might be pos-
sible that they had less knowledge about intake frequen-
cies and the portion sizes of the dishes or foods than
the mothers in the YC group. To maintain the quality
of the data, the registered dieticians asked to the sub-
jects to clarify any unclear answers.
We obtained different correlation coefficients for the

same nutrients from the CFFQ and AFFQ, including
sodium in the YC group (r = 0.17 in the CFFQ and r =
0.41 in the AFFQ). It is necessary to develop specific
FFQs for the group being studied (to accurately reflect
socioeconomic, cultural, and seasonal differences). The
AFFQ was developed based on the dietary data of adults
who lived in several different areas of Japan. Therefore,
the AFFQ might have sufficiently covered the dishes

and individual foods consumed by subjects in this study.
However, the AFFQ was found to have lower correlation
coefficients of total fat and fatty acids than the CFFQ,
especially in the YC group. It may be necessary to mod-
ify a food list in the AFFQ to add foods influencing fat
that are regularly eaten by children, and are familiar to
children, such as snacks.
Generally, a FFQ originally developed for adults is

applied for the assessment of dietary intake in children,
however it has been reported that when the FFQ for
adults is used, the dietary intake of children is overesti-
mated [5-7]. Fumagalli et al. [5] studied the validity of a
FFQ for 5 to 10 year old children, and Wilson [6] stu-
died the validity of a FFQ for 4 to 9 year old children.
These authors compared the improved FFQs for adults
with 3-day WDRs. They reported that energy and nutri-
ent intakes in the FFQs were overestimated. In our
study, we compared the differences in nutrient intake
between the WDRs and FFQs. The numbers of over/
underestimated nutrients were lower from the CFFQ in
the YC group and from the AFFQ in the AD group.
The portion size of a FFQ should be suitable for the
subjects. Because steamed rice is a particularly impor-
tant energy source in Japan, it is important to determine
the intake of steamed rice as accurately as possible, and
three sizes of rice bowls (large, medium, and small)
were included in the questionnaire in both the CFFQ

Figure 3 Agreement of the estimates of vitamin B1 intake between the four WDRs and the AFFQ for all subjects. AFFQ: Food frequency
questionnaire for dietary assessment in adults. WDR: Weighed dietary record. SD: Standard deviation.
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and AFFQ (150 g, 120 g, and 80 g in the CFFQ and
200 g, 150 g and 100 g in the AFFQ). The portion size
of the CFFQ is appropriate for 3 to 11 year old children,
because the CFFQ was developed for this age-group
children. Since the AFFQ was developed for adults, the
portion size of the AFFQ might be more suitable for the
subjects in the AD group who were bigger than those in
the YC group.
The values of sodium intake in the CFFQ were under-

estimated compared to the WDR. In contrast, the values
in the AFFQ were overestimated in both the YC and
AD groups. The systematic errors were found. For
example, when we collected dietary data from children
for developing the CFFQ, the subjects’ parents/guardians
freely decided the day for the WRD [10]. Although we
asked subject’s parents/guardians to have the children
eat habitual diets on the day they selected for the WRD,
it was possible that a special day (e.g. a holiday or other
celebration where special foods are eaten) may have
been selected. Therefore, the food list of the CFFQ
might have posed the systematic errors.
In order to assess habitual intake, dietary surveys need

to be conducted for several days [20]. However, the
WDR is considered a burden some for subjects. In addi-
tion, it has been reported that long-term dietary surveys
are not always accurate [21]. Therefore, we decided that
the mean intake recorded in four WDRs, which were
conducted on different days of the week, represented
children’s habitual dietary intake for one month.
In this study, the two types of FFQs, (i.e. CFFQ and

AFFQ) were answered at the same time. We eliminated
the any bias which may be caused by administration of
the CFFQ and AFFQ by assuring that the order in which
each FFQ was answered was randomly determined.
We were not able to assemble a large number of sub-

jects of each sex and age. Therefore, we were not able
to calculate the correlation coefficients by sex and age.
For the growing children, it is thought that the amount
and quality of the dietary intake differs by sex and age.
Thus, we have adjusted for sex and age, in addition to
energy, for correlation coefficients between the WDR
and second FFQ.
We were not able to select subject candidates by ran-

dom sampling because we had asked the teachers at
each school to select participants. The four-day WDRs
and 4 FFQs were a heavy burden for the subjects and
their parents/guardians. To conduct a dietary survey at
the kindergarten, elementary school, and secondary
school, the cooperation of the teacher of each school
was necessary to ensure that the parents/guardians
understood the study. Therefore, the subjects and their
mothers who participated in this study might have had
more interest in their diets than the general population.
In addition, because we specified the days of the dietary

survey for subjects and their mothers, it was possible
that the subjects may have eaten special meals on those
days. Therefore, when we explained the study method
to them, we asked them to eat habitual diets on the
days of the dietary survey.
The CFFQ does not encompass the seasonal variation in

the 75 food items, because when we developed the CFFQ
from WDRs collected during only one season, between
May and July [10]. To address this potential short-coming,
we decided to add seasonal fruits for this study. However,
this study was conducted in the only one season. We need
the further study to assess the seasonal intakes.
To our knowledge, this is the first study to examine

the reproducibility and validity of an FFQ including
questions about both individual food items and mixed
dishes in 3 to 16 year old Japanese children. The CFFQ
might be a useful tool for assessing the habitual dietary
intake of 3 to 11 year old children for epidemiologic
studies in Japan. In order to more accurately estimate
the dietary intake of 12 to 16 year old children, it is
necessary to develop a new FFQ or further modify the
existing AFFQ or CFFQ.

Conclusions
This study indicated that the CFFQ might be a useful
tool for assessing habitual dietary intake of young chil-
dren (ages 3-11). Although the CFFQ agreed moderately
with habitual intakes, it was found to underestimate
dietary intake in the AD group. In addition, using the
AFFQ had a low ability to rank habitual intake. There-
fore, it is necessary to design a new FFQ or modify an
existing FFQ to accurately assess the habitual diet of
children aged 12-16.
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