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Abstract

Background/objectives The objective of this study was to evaluate the performance of a short food frequency questionnaire
(FFQ) to assess dietary intake at 4 and 7 years of age, against 3d food diaries (FD) and serum biomarkers, using two methods
to convert the FFQ to daily intake in grams and nutrients (standard and z-score method).

Subjects/methods The present analysis comprises data from 2482 4-year-old children and 3511 7-year-old children, from
the birth cohort Generation XXI (Porto, Portugal). To estimate daily consumption from the FFQ, the frequency response was
multiplied by a standard mean portion (standard method) or adjusted with data from the FD (z-score method). The dietary
intake obtained from the FFQ was compared with the FD and serum biomarkers, using Intra-Class Correlation Coefficients
(ICC), de-attenuated Pearson’s correlation coefficients and Bland Altman analysis.

Results In general, the mean daily food intake estimated by the z-score method had a higher agreement with the FD, than the
standard method. The highest ICC was obtained for “vegetable soup” (ICC = 0.536), using the z-score method, compared to
an ICC of 0.373 using the standard method. Significant correlation coefficients were observed for all nutrients; the average of
correlation coefficients was 0.39 at 4 years and 0.42 at 7 years of age. For the majority of nutrients, the correlation between
mean and mean difference was lower using the z-score method, in comparison with the standard method.

Conclusions The results suggest that the FFQ is a reasonably good instrument to estimate dietary intake in children.
Moreover, adjusting the FFQ portion size, by using a z-score method, seems to increase the accuracy of dietary data in
children.

Introduction

Accurately measuring dietary intake is considered one of
the greatest challenges for epidemiological purposes [1-3].
In children, the collection of dietary data is particularly
difficult due to the requirement of using a proxy respondent.
Considering this, the evaluation of the performance of
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dietary intake assessment methods among children is
essential to obtain high-quality data on food intake in this
population.

Dietary methods commonly used to assess the diets of
children include respondent-based methods, such as food
diaries (FD) and food frequency questionnaires (FFQ) [3].
Specifically, FFQs are widely used in large-scale pro-
spective studies investigating links between diet and disease
in both adults and children [4-7], because they are easy and
simple to administer, relatively inexpensive and have a low
respondent burden. Even though FFQ are broadly used,
there are limited valid and reliable brief FFQ for measuring
whole-of-diet intake in young children [8].

Multiple 24-h recalls and FD are usually used for the
evaluation of the validity of a FFQ [9, 10]. When available,
biomarkers may be an alternative or supplementary refer-
ence method for the validation of some nutrients intakes
since their measurement errors are independent of those of
FFQ [11]. A combination of methods, self-reported meth-
ods and biomarkers (for specific nutrients), improve the
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process of validation of an FFQ, and has been used in
several large prospective studies [12-14]. In a given
population, one of the main components of the adaptation of
an FFQ is the portion size assessment. Inappropriate portion
sizes can lead to significant inaccuracy in dietary intake
estimation. The classical method that uses a “standard”
portion applied equally to all responders might reduce
sensitivity if portion sizes vary within the population [15].
Researchers have tested other methods to handle missing
portion size in FFQ, in both adults and adolescents, such as
stochastic methods [16], or a combination of FFQ with FD
or 24-h recall data [17-19]. New methods to calibrate FFQ
portion size data are necessary to be tested in children.

To improve children’s diet it is required to accurately
measure their current consumption. Moreover, the use of
methods with low validity seriously attenuates the asso-
ciations between nutritional intakes and outcomes in health
[20]. Therefore, it is necessary to develop and validate age-
specific instruments for the evaluation of usual food and
nutrient consumption.

This study aimed to evaluate the performance of a short
FFQ to assess diet of children at 4 and 7 years of age,
against 3-non-consecutive-day FD and serum biomarker
measurements, using two methods to convert the FFQ to
nutrients:

a. the standard method, classical method of multiplying
the frequency response option by a standard mean
portion, specified for each item.

b. the z-score method, adjusted with data from 3d FD, at
4 and 7 years of age.

Subjects and methods

The present study was based on the population-based birth
cohort Generation XXI (G21), previously described [21].
Briefly, newborns and respective mothers were recruited
during 2005-2006 at the five level-III maternity units of
metropolitan area of Porto, Portugal. Recruitment was
conducted according to the following eligibility criteria:
mothers living in one of the six municipalities of the
metropolitan area of Porto; delivering at the public hospitals
covering those municipalities; and giving birth to live
babies with gestational age > 24 weeks At enrolment, these
maternity units were responsible for 91.6% of the deliveries
in the whole eligible population. Mothers were invited to
participate 24-72h after delivery, and of the invited
mothers, 91% accepted to participate. A total of 8647
children and 8495 mothers were enrolled at baseline. Data
were collected by trained interviewers using structured
questionnaires that gathered information on
demographic, clinical and behavioral characteristics.

Socio-
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Anthropometric measures were also performed. At 4 and 7
years of age, the entire cohort was invited to participate in
the follow-up evaluation, and 86 and 81% of the children
were reevaluated, respectively. Trained interviewers, in
face-to-face interviews and using structured questionnaires,
were responsible for data collection on demographic and
social conditions, lifestyles (including dietary intake),
child’s health status and objective anthropometric measures,
at baseline and follow-up evaluations. Children’s body mass
index (BMI) was classified according to age- and sex-
specific BMI standard z-scores developed by WHO [22].

The study was approved by the University of Porto
Medical School/S. Jodo Hospital Centre Ethics Committee.
The signed informed consent, according to the Helsinki
Declaration, was required for all participants and was taken
for legal representative of the children. The present analysis
includes children that had data from the FFQ and 3d FD in
each follow-up, achieving a sample of 2482 children at 4
years and 3511 at 7 years of age.

Food frequency questionnaires (FFQ)

At the 2 years follow-up evaluation from G21 cohort, a 17-
item-FFQ was developed to evaluate the consumption of
energy-dense foods, not so often consumed [23]. At4 and 7
years the FFQs were developed with the aim of assessing
habitual dietary intake of children and queried frequency of
intake for 35 food items at 4 years, and 38 food items at 7
years. At 4 years the FFQ was based on the 2-year-FFQ and
on the information collected from 2d FD at 2 years.

At 7 years, a few items were included in the FFQ, taking
into consideration information reported in the 3d FD from
4-year-evaluation and difficulties in reporting children’s
dietary intake in the 4-year-FFQ. The items included were
milk with chocolate, breakfast cereals and fresh fruit juice;
some alterations were also performed such as separation
between salty pastry based on fish or meat, all meat was
grouped together (red and white meat), as well as yogurts
with or without sugar. We decided not to separate the
yogurts due to its low consumption at 4 years and the dif-
ficulty of caregivers to distinguish the type of yogurts. As
previously described [24], parents or another caregiver were
asked how many times on average the child had consumed
each food item in the previous 6 months. The nine fre-
quency response options, ranging from “never” to “4 times
or more per day”, were transformed into daily frequency of
consumption. At both ages, a standard mean portion was
defined for each food item (Supplemental Table 1) and
similar food groups were created: “Dairy”, “Cereals, cereal
products and potatoes”, “Fruit & Vegetables”, “Meat, fish
and eggs”, “Drinks”, “Fat spread”, “Sweets”, and “Salty
snacks”.
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Three-day FD

As previously explained [25], when the child was 4 and 7
years of age, parents or another main caregiver were asked
to complete a 3 non-consecutive days estimated FD, before
the face-to-face interview. Oral and written instructions
were given to parents for the correct use of FD and how to
quantify food portions; they were also instructed to let the
children follow their usual diet. Parents were asked to
provide a detailed description of each food and drink con-
sumed by the child, including the method of preparation,
recipes and place of consumption, whenever possible. A
team of trained nutritionists was responsible for reviewing
and coding the FD, using an age-specific food coding
manual previously developed by our research team. The
proportion of reported days was similar across different
days of the week and weekend, at both ages.

Nutrient conversion

Nutrient intake was estimated using the software Food
Processor SQL (2004-2005 ESHA Research, Salem, Ore-
gon), based on the Food Composition Table of the United
States of America Department of Agriculture [26]. For
typically Portuguese foods or culinary dishes, new codes
were created with national nutritional information, as pre-
viously described [25, 27].

Biomarkers

A fasting blood sample was collected on the morning of the
evaluations, at 4 and 7 years of age. Serum samples were
stored in approximately 500 u aliquots at —80 °C until
analysis. Using a subsample of 160 children (50% from
each follow-up evaluation), measurements of vitamin A and
folate were conducted by S. Jodo Hospital Center. Folate
was measured by chemiluminescence using the immu-
noassay analyzer Architect 2000 SR (Abbott, USA) and
vitamin A were measured by an HPLC Liquid Chromato-
graphy (Gilson, USA). UV detection was performed by a
detector model 116 (Gibson, USA).

Statistical analysis

All statistical analyses were performed using the SPSS
statistical software package version 22.0 (SPSS inc., Chi-
cago IL., USA) and R 3.01. A significance level of 5% was
adopted.

At both ages, to estimate daily consumption from the
FFQ (as grams per day), two methods were performed and
tested:

a. Standard method: each frequency response option was
multiplied by a standard mean portion (Supplemental
Table 1) specified for each item;

OR

b. z-score method: adjustment of each food item, with
the overall sample mean and standard deviation (SD)
of that food item from FD, applying the formula:

=y _ (=%

Sy  Sx

=

(x—%)
Sx

y= * Sy +5

Legend:

y = grams from food diaries, per each food item

x = frequency from FFQ, per each food item

¥ = mean of grams from food diaries, per each food item

X = mean of frequency from FFQ, per each food item

Sy = standard deviation of grams from food diaries, per
each food item

Sx = standard deviation of grams from FFQ, per each
food item

Dietary intake overestimation from FFQ is widely
described in the literature [12, 28-30] and theoretically is
possible to calibrate for this bias. In the present study the
FD data were used to calibrate the dietary information from
the FFQ.

To evaluate absolute agreement at both ages, mean
intake of dietary intake obtained from FFQ (standard and z-
score method) was compared with those from the FD using
intra-class correlation coefficients and respective 95%
confidence interval [ICC (95%CI)]. In the z-score method,
all negative values were transformed into zero. Guidelines
for interpreting ICC statistics suggest that values between
0.81-1.00  indicate  almost  perfect  agreement,
0.61-0.80 substantial agreement, 0.41-0.60 moderate
agreement, 0.21-0.40 fair agreement, and values less than
0.21 indicate a poor or slight agreement [31].

At the nutrient level, several statistical analyses were
performed. To evaluate the strength of association at the
individual level, Pearson’s correlation coefficients were
calculated to estimate the association between nutrient
intake derived by the FFQ (standard and z-score method)
and those obtained through FD, or serum biomarkers.
Pearson’s correlation coefficients were de-attenuated using
the following formula:

Cr=ro,/1 + (Ax/nx)
In the formula, Cr is the corrected correlation coefficient,

ro is the crude correlation coefficients, Ax is the ratio of

SPRINGER NATURE



682

S. Vilela et al.

Table 1 Participants’

characteristics, comparing the 4 years 7 years
sample of children with FFQ FFQ + Only FFQ p-value® FFQ + Only FFQ (n  p-value®
data plus food diaries (study FD (n= FD =2331)
sample) with children with only (n= 3505) n=
FFQ, at 4 and 7 years of age 2482) 3511)
Mean (s.d.) Mean (s.d.)
Maternal characteristics
Maternal age (years) 342 33.7 <0.001 372 36.1 (5.64) <0.001
(5.17) (5.44) (5.03)
Maternal education (years) 11.5 10.8 <0.001 11.9 10.8 (4.27) <0.001
(4.23) (4.24) (4.18)
Children’s characteristics
Child’s food intake (frequency/day)
Dairy 4.5(1.48) 4.4 (1.45) 0.123 4.1 (1.66) 4.2 (1.74) 0.124
Cereals, cereal products and 5.6 (1.54) 5.5 (1.55) 0.528 5.5 (1.50) 5.6 (1.62) 0.069
potatoes
Fruit & vegetables 5.2 (1.81) 5.0 (1.75) <0.001 4.7 (1.65) 4.3 (1.63) <0.001
Meat, fish, and eggs 2.2 (0.65) 2.2 (0.67) 0.963 2.3 (0.76) 2.2 (0.80) 0.006
Drinks 1.2 (1.53) 1.3 (1.60) 0.007 1.3 (1.16) 1.6 (1.35) <0.001
Fat spread 0.7 (0.67) 0.7 (0.66) 0.235 0.8 (0.73) 0.8 (0.76) 0.562
Sweets 1.8 (1.34) 1.8 (1.41) 0.631 1.1 (0.96) 1.2 (1.07) 0.001
Salty snacks 0.3 (0.23) 0.3 (0.23) 0.864 0.4 (0.27) 0.4 (0.33) <0.001
% %
Child’s sex (boy) 51.1 50.6 0.718 52.4 50.2 0.093
Child’s BMI (kg/m?)
Underweight/normal 69.1 67.1 62.6 62.5
Overweight 20.6 222 22.1 21.5
Obese 10.3 10.7 0.143 15.3 16.0 0.729

FD food diaries, FFQ food frequency questionnaire, s.d. standard deviation

Student’s t-test for for continuous variables; Chi-square for categorical variables.

within-person variance and between-person variance for
each nutrient, and nx is the number of reports per child.
To evaluate the presence, direction and extent of bias at
the group level, Bland and Altman’s statistical method [32]
was applied to nutrient data, including the mean difference,
limits of agreement and correlation between mean and mean
difference. We also calculated the paired t-test for the dif-
ference in all nutrients, to assess agreement at the group
level. However, as we have a large sample, any difference
was considered statistically significant (p <0.05), so we
decided to calculate the Cohen effect size [33] to understand
how substantial the differences were. The effect size was
calculated by dividing the mean change in nutrient data
(between FFQ and food diaries) by the SD of the difference.
Cohen classified effect sizes as small (d =0.2), medium (d
=0.5), and large (d <0.8) Bland and Altman analysis [32]
was generated for the difference between the mean obtained
with 3d FD and FFQ, using the equations [mean of
FD-mean of FFQ], against the average of the 2 methods
([mean of FD 4 mean of FFQ]/2). Based on the Bland and
Altman methodology, two methods are considered
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comparable if 95% of data plots lay within the limits of
agreement (mean difference + 1.96s.d. of the difference).
Regarding total energy intake, Bland and Altman’s plots
were also generated (for standard and z-score methods).

Results

Table 1 compares the individual and socio-demographic
characteristics of the children with complete data on food
intake through FD and FFQ (our sample), with those
without FD information, at both ages. No significant dif-
ferences were found for child’s sex and BMI. At both ages,
our sample had mothers slightly older and higher educated.
At 4 years, our sample had a higher mean daily intake of
“Fruit & Vegetables” (p<0.001) and a lower intake of
“Drinks” (p =0.007). At 7 years, the same trend was
observed. Furthermore, at 7 years our sample also had a
higher mean intake of “Meat, fish and eggs” (p = 0.006)
and a lower mean intake of “Sweets” (p = 0.001) and “Salty
snacks” (p <0.001).
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Table 2 Mean daily food intake and intraclass correlation coefficients (FFQ and food diaries) at 4 years of age

Groups/foods (g) Food diary Food frequency questionnaire
Original Standard method  ICC (95%CI) Z-score method  ICC (95%CI)
Mean (s.d.) Mean (s.d.) Mean (s.d.)

Dairy 586 (202.2) 959 (304.4) 0.179 (—0.072, 0.403) 591 (208.4) 0.437 (0.405, 0.469)
Milk 439 (197.3) 562 (197.4) 0.392 (0.178, 0.544) 443 (189.7) 0.462 (0.430, 0.492)
Yogurt 140 (86.5) 198 (118.0) 0.395 (0.218, 0.526) 140 (86.5) 0.479 (0.448, 0.509)
Cheese 8 (11.5) 17 (20.4) 0.266 (0.153, 0.363) 8 (11.2) 0.353 (0.318, 0.387)
Cereals, cereal products and potatoes 186 (59.0) 263 (55.6) 0.132 (—0.044, 0.294) 190 (52.8) 0.241 (0.203, 0.277)
Bread 42 (25.0) 76 (38.4) 0.183 (—0.009, 0.347) 42 (24.9) 0.309 (0.273, 0.345)
Semi-sweet type biscuits 14 (16.4) 22 (18.0) 0.232 (0.159, 0.300) 14 (15.7) 0.251 (0.213, 0.287)
Other cookies 4(9.7) 13 (17.0) 0.192 (0.097, 0.277) 50.2) 0.253 (0.216, 0.290)
Rice, pasta and potatoes 126 (46.1) 152 (25.9) 0.122 (0.044, 0.196) 127 (40.1) 0.164 (0.125, 0.202)
Fruit & vegetables 608 (209.2) 794 (207.6) 0.370 (0.016, 0.595) 608 (199.0) 0.521 (0.491, 0.549)
Vegetable soup 370 (155.2) 512 (145.2) 0.373 (—0.013, 0.612) 372 (148.0) 0.536 (0.508, 0.564)
Vegetable on plate 69 (37.5) 56 (45.9) 0.234 (0.177, 0.288) 69 (37.5) 0.257 (0.220, 0.293)
Fruit 166 (100.5) 226 (108.6) 0.361 (0.198, 0.488) 167 (98.5) 0.419 (0.386, 0.451)
Meat, fish, and eggs 145 (45.3) 176 (42.8) 0.117 (0.044, 0.186) 1478 (52.1) 0.137 (0.098, 0.176)
White meat 33 (27.8) 64 (28.9) 0.101 (—0.007, 0.203) 34 (27.3) 0.153 (0.114, 0.191)
Red meat 48 (33.0) 43 (19.5) 0.131 (0.092, 0.170) 50 (31.9) 0.146 (0.107, 0.184)
Ham 13 (13.5) 8 (8.8) 0.168 (0.119, 0.215) 13 (13.5) 0.196 (0.158, 0.234)
Fish 43 (27.7) 49 (20.7) 0.253 (0.209, 0.295) 43 (26.6) 0.264 (0.227, 0.301)
Eggs 8 (9.48) 11 (8.85) 0.203 (0.149, 0.254) 8 (9.03) 0.205 (0.167, 0.243)
Drinks 71 (111.3) 449 (537.2) 0.073 (0.002, 0.141) 96 (138.3) 0.257 (0.218, 0.296)
Coffee 2 (7.6) 2 (6.3) 0.283 (0.246, 0.319) 2 (7.3) 0.282 (0.245, 0.318)
Tea 6 (26.6) 20 (52.3) 0.323 (0.259, 0.381) 9 (25.8) 0.421 (0.388, 0.454)
Colas 2 (16.2) 26 (68.2) 0.052 (0.014, 0.090) 4 (15.4) 0.118 (0.079, 0.157)
Other carbonated soft drinks 32 (68.7) 211 (283.9) 0.048 (0.002, 0.094) 38 (65.3) 0.139 (0.102, 0.178)
Ice tea 17 (58.2) 130 (207.2) 0.125 (0.042, 0.202) 26 (53.6) 0.289 (0.252, 0.326)
Nectars (fruit juice with sugar) 12 (36.1) 59 (87.1) 0.127 (0.048, 0.201) 17 (33.2) 0.204 (0.166, 0.242)
Fat spread 328 5@4.7) 0.283 (0.203, 0.355) 328 0.350 (0.315, 0.384)
Butter/margarine 3(2.8) 5 4.7 0.283 (0.203, 0.355) 3 (2.8) 0.350 (0.315, 0.384)
Sweets 26 (27.3) 44 (31.7) 0.217 (0.120, 0.304) 28 (27.6) 0.225 (0.187, 0.262)
Ice cream 8 (16.3) 7 (10.7) 0.150 (0.112, 0.189) 8 (16.0) 0.158 (0.119, 0.196)
Cakes 12 (18.3) 13 (18.4) 0.222 (0.184, 0.259) 12 (18.2) 0.221 (0.183, 0.258)
Chocolate 3 (5.6) 17 (17.6) 0.059 (—0.007, 0.123) 4 (5.2) 0.149 (0.110, 0.187)
Added sugar 2 (3.8) 1 (3.6) 0.201 (0.066, 0.144) 2 (3.8) 0.204 (0.166, 0.241)
Candy 2 (4.6) 5(6.4) 0.154 (0.074, 0.228) 2 (4.2) 0.178 (0.140, 0.216)
Salty snacks 10 (22.7) 12 (10.0) 0.123 (0.084, 0.162) 14 (24.0) 0.194 (0.156, 0.232)
Pizza & burger 6 (19.1) 5.0 (5.3) 0.105 (0.066, 0.144) 7 (19.0) 0.204 (0.166, 0.241)
Salty pastry (e.g., potato croquettes) 3 (10.7) 4 (4.5) 0.133 (0.084, 0.180) 5(9.6) 0.130 (0.091, 0.168)
Crisps 1 (4.9) 4(5.2) 0.115 (0.068, 0.160) 2 (4.6) 0.118 (0.079, 0.156)

The bold values are highlighting the mean value of the main food group

95%CI 95% confidence interval, ICC intraclass correlation coefficient, s.d. standard deviation

At 4 years, comparing with FD, the standard method

seemed to overestimate the food consumption more than the
z-score method. Overall, the mean daily food intake
obtained using the z-score method had a higher agreement
with those from the FD, than the standard method (Table 2).

The lowest ICC

obtained was

0.048 (95%CI:

0.002,0.094) for “Carbonated soft drinks (except colas)” in
the standard method, while the same food item using the z-
score method had an ICC of 0.139 (95%CI: 0.102,0.178).

The highest ICC was obtained for “Vegetable soup”
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Table 3 Mean daily food intake and intraclass correlation coefficients (FFQ and food diaries) at 7 years of age

Groups/food (g)

Food diaries

Food frequency questionnaire

Original Standard method ICC (95%CI) Z-score method ICC (95%CI)
Mean (s.d.) Mean (s.d.) Mean (s.d.)
Dairy 518 (184.8) 742 (301.0) 0.288 (0.025, 0.482) 513 (198.6) 0.448 (0.421, 0.474)
Milk 382 (178.2) 561 (273.5) 0.348 (0.079, 0.534) 378 (173.8) 0.496 (0.471, 0.521)
Yogurt 126 (89.4) 166 (112.8) 0.445 (0.346, 0.526) 124 (87.9) 0.490 (0.465, 0.515)
Cheese 11 (13.6) 16 (19.0) 0.343 (0.289, 0.393) 11 (13.5) 0.380 (0.351, 0.408)
Cereals, cereal products, and potatoes 234 (64.0) 278 (62.3) 0.134 (0.054, 0.209) 236 (64.9) 0.142 (0.109, 0.174)
Bread 54 (30.1) 87 (36.8) 0.239 (0.004, 0.425) 54 (29.2) 0.360 (0.330, 0.388)
Breakfast cereals 16 (20.0) 20 (18.6) 0.436 (0.387, 0.481) 16 (18.0) 0.452 (0.425, 0.478)
Semi-sweet type biscuits 12 (13.4) 14 (13.7) 0.346 (0.316, 0.375) 13 (13.1) 0.348 (0.318, 0.377)
Other cookies 7 (12.7) 13 (15.1) 0.270 (0.197, 0.336) 7 (11.4) 0.300 (0.269, 0.329)
Rice, pasta, and potatoes 145 (48.5) 144 (36.5) 0.014 (—0.019, 0.048) 146 (47.8) 0.015 (—0.018, 0.048)
Fruit & vegetables 591 (226.1) 750 (234.2) 0.443 (0.140, 0.629) 609 (191.6) 0.531 (0.506, 0.555)
Vegetable soup 331 (126.1) 458 (170.1) 0.430 (0.080, 0.637) 338 (123.3) 0.539 (0.515, 0.562)
Vegetable on plate 79 (43.4) 58 (45.5) 0.282 (0.194, 0.360) 82 (44.5) 0.313 (0.283, 0.343)
Fruit 181 (106.5) 234 (110.2) 0.409 (0.272, 0.516) 190 (104.6) 0.456 (0.429, 0.482)
Meat, fish, and eggs 161 (41.1) 179 (48.7) 0.071 (0.037, 0.105) 164 (46.0) 0.072 (0.039, 0.105)
Meat 94 (40.1) 95 (36.4) 0.127 (0.095, 0.160) 95 (38.1) 0.128 (0.095, 0.160)
Ham 8 (12.4) 13 (11.5) 0.105 (0.069, 0.141) 9 (11.5) 0.113 (0.080, 0.145)
Fish 50 (17.8) 60 (25.9) 0.201 (0.158, 0.242) 52 (17.4) 0.185 (0.153, 0.217)
Eggs 8 (10.0) 11 (8.8) 0.173 (0.131, 0.214) 8 (9.6) 0.185 (0.153, 0.217)
Drinks 163 (168.9) 346 (313.6) 0.313 (0.104, 0.471) 170 (180.6) 0.467 (0.441, 0.493)
Coffee 2(7.2) 2 (6.3) 0.312 (0.282, 0.342) 2 (7.1) 0.315 (0.285, 0.345)
Tea 9 (34.7) 23 (60.0) 0.390 (0.336, 0.439) 11 (32.6) 0.473 (0.446, 0.498)
Fresh fruit juice 8 (30.8) 27 (56.1) 0.265 (0.197, 0.328) 10.7 (28.7) 0.340 (0.310, 0.369)
Colas 8 (33.9) 27 (66.3) 0.210 (0.163, 0.255) 9 (30.0) 0.272 (0.242, 0.303)
Other carbonated soft drinks 49 (99.8) 101 (156.1) 0.285 (0.217, 0.347) 50 (90.4) 0.340 (0.310, 0.369)
Ice tea 55 (108.1) 119 (187.9) 0.387 (0.289, 0.469) 54 (103.1) 0.485 (0.459, 0.510)
Nectars (fruit juice with sugar 33 (62.6) 48 (72.5) 0.301 (0.265, 0.336) 32 (55.9) 0.310 (0.280, 0.340)
Fat spread 4 (3.3) 6 (5.1) 0.351 (0.261, 0.430) 4 3.2) 0.421 (0.393, 0.447)
Butter/margarine 4 (3.3) 6 (5.1) 0.351 (0.261, 0.430) 4 (3.2) 0.421 (0.393, 0.447)
Sweets 29 (30.0) 29 (23.6) 0.221 (0.189, 0.252) 29 (29.6) 0.221 (0.189, 0.252)
Ice cream 8 (17.2) 7 (10.0) 0.185 (0.153, 0.217) 9 (15.6) 0.214 (0.182, 0.245)
Cakes 16 (22.2) 12 (16.5) 0.148 (0.116, 0.181) 15 (21.0) 0.157 (0.125, 0.189)
Chocolate 2 (5.5 4.(5.5) 0.214 (0.179, 0.248) 3(54) 0.220 (0.188, 0.251)
Added sugar 1(2.4) 2 (3.4) 0.285 (0.226, 0.340) 122 0.321 (0.291, 0.351)
Candies 2(5.2) 4 (5.9 0.145 (0.093, 0.194) 2 (4.6) 0.162 (0.130, 0.194)
Salty snacks 17 (30.7) 18 (13.1) 0.079 (0.046, 0.112) 20 (29.2) 0.100 (0.067, 0.133)
Pizza & burger 11 (26.8) 6 (7.0) 0.057 (0.024, 0.089) 12 (24.5) 0.119 (0.087, 0.152)
Salty pastry (eg., potato croquettes 4 (13.9) 9 (8.0) 0.066 (0.032, 0.099) 6 (10.6) 0.081 (0.048, 0.114)
Crisps 2(5.2) 3 (4.6) 0.085 (0.051, 0.118) 2 (4.7) 0.090 (0.057, 0.123)

The bold values are highlighting the mean value of the main food group

95%CI 95% confidence interval, ICC intraclass correlation coefficient, s.d. standard deviation

(ICC:0.536; 95%ClI:

0.508,0.564), using

the z-score

method, compared to an ICC of 0.373 (95%CI: —0.013,
0.673), using the standard method (Table 2).

SPRINGER NATURE

At 7 years, using the same methodology, the z-score

method was still the best method to estimate the food
consumption through the FFQ, comparing to the con-
sumption obtained through the FD. Similar to the results
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obtained at 4 years, the standard method seemed to over-
estimate the consumption in comparison with the z-score
method. The highest ICC obtained was also for “Vegetable
soup” [(ICC =0.539, 95%CI: 0.515, 0.562)], using the z-
score method, comparing to an ICC of 0.430 (95%CI:
0.080, 0.637) using the standard method (Table 3).

Table 4 presents the de-attenuated correlation coeffi-
cients between the FFQ and FD, for daily energy and
nutrient intake, at both ages. Significant correlation coeffi-
cients were observed for all nutrients and were similar using
the standard or z-score method. However, the conversion of
the FFQ using the z-score method presented averages of
mean nutrient intake more similar to the FD, than the
conversion using the standard method. At 4 years, and using
the z-score method, the correlation coefficients ranged from
0.112 for vitamin B12 intake to r=0.565 for total fat
intake. The average of correlation coefficients was 0.39. At
7 years of age, and using the same methodology, the
average of correlation coefficients was 0.42.

For the subsample of 160 children (80 at 4 years and 80
at 7 years of age), the de-attenuated correlation coefficients
between FFQ standard method and plasma concentration of
vitamin A [r=0.531 (p =0.008), at 4 years and r =0.282
(p =0.120), at 7 years] and folate [r = 0.176 (p = 0.365), at
4 years and r =0.425 (p = 0.027), at 7 years) were similar
to the correlation coefficients between FFQ z-score method
and plasma concentration of vitamin A [r=0.552 (p=
0.005), at 4 years and r = 0.269 (p = 0.187), at 7 years) and
folate [r =0.183 (p = 0.345), at 4 years and r =0.340 (p =
0.079), at 7 years]. The ICCs between plasma concentration
and FFQ were similar for z-score and standard method, at
both ages, although not statistically significant.

Table 5 presents ICC, mean differences, limits of
agreement, correlation between mean and mean difference
and Cohen effect size, for daily energy and nutrients
obtained from FFQ z-score method and FD, at 4 and 7
years. The same information for the standard method is
shown in Supplemental Table 2.

At 4 years, the ICC ranged from 0.036 for omega 6 to
0.350 for calcium, using the z-score method, and raging
from 0.013 for vitamin E to 0.265 for sodium, using the
standard method. At 7 years, the ICC ranged from 0.032 for
iron to 0.328 for calcium, using the z-score method, and
raging from 0.041 for iron to 0.313 for Vitamin B6, using
the standard method. Overall the correlation between mean
and mean difference, as well as the Cohen effect size, was
lower using the z-score method (Table 5), in comparison
with the standard method (Supplemental Table 2), at both
ages. The limits of agreement were wide for most nutrients
and ranged from positive to negative values. The Bland-
Altman plot for energy intake at 4 years (Fig. la, b) and 7
years (Fig. lc, d) indicated that around 95% of data plots
fell within the limits of agreement, at both ages and using

Table 5 (continued)

7 years of age

4 years of age

Cohen

Correlation between
mean and mean

difference

Limits of

Mean

IcC

Cohen

Correlation between
mean and mean

difference

Limits of

Mean

ICC

effect size

agreement

difference

effect size

agreement

difference

—0.11

—686.6 6122 —0.062**

—37.2

0.292 (0.260,

6364 596.6 —0.088%* ~0.06
0.323)

-19.9

0.295

Phosphorus (mg/

day)

(0.258,0.331)

Potassium (mg/day) 0.264

—0.20

—1469.3 1192.5 0.026

—138.4

0.279 (0.241,

0.315)

1

0.3

—1059.6 1457.9 0.085%*

199.2

(0.203,0.320)
0.256

0.14

—2520.5 2921.7 0.733**

0.081 (0.048, 200.6

0.113)

0.60

—824.8 1557.4 0.069*

366.3

Sodium (mg/day)

(0.098,0.386)

*p <0.05; **p <0.01
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Fig. 1 Bland-Altman plot of the difference between energy intake, estimated by the FFQ standard method at 4 years (a) and 7 years (c) or z-score

method at 4 years (b) and 7 Years (d) and 3d food diary

both methods. However, the graph suggested a lower con-
cordance using the standard method (Fig. la, c), with a
more marked trend of overestimation of energy intake.

Discussion

The present results showed that the FFQ performed rea-
sonably well in estimating intake of a number of food items
and nutrient intake, at 4 and 7 years of age, using a z-score
calibration.

Considering the definition of ICC values [31], the results
showed that 17 out of 30 food items had “fair” to “mod-
erate” agreement with FD using the z-score method, against
only 12 food items using the standard method. At 7 years,
using the same z-score equations, the results were similar,
the z-score method had a higher agreement with the FD.
Low agreement for food items such as “Meat”, “Sweets”
and “Salty snacks” was observed. Due to the nature of our

SPRINGER NATURE

method of reference 3d FD collected over a 1 week period,
it is expected that items eaten more often, such as “Fruits &
Vegetables” or “Dairy products”, would be more correlated
compared to food items ate less often, such as candy or fast
food [34]. An sensitivity analysis was perfomed in random
sample at 4 years. Using 70% of the sample we calculated
the z-score equations and apllied it to the other 30% of the
sample. The ICC obtained to major groups were similar to
those obtained using the all sample.

The differences in the two methods (standard and z-score
method) regarding the food intake translated into differ-
ences in nutrient intake. For most of the nutrients, the z-
score method obtained a higher correlation with FD, than
the standard method. Previous studies reported similar
correlation coefficients between nutrient intake estimated by
FFQ and FD or 24-h recall [12, 35]. In addition, at 4 years
the correlation between FFQ and plasma concentration of
vitamin A and folate was also higher for the z-score method
in comparison to the standard method. At both ages, in the
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majority of nutrients the correlation between mean and
mean difference, as well as the Cohen effect size, was much
lower using the z-score method in comparison with the
standard method. This shows a decrease in the proportional
bias using the z-score approach. The limits of agreement
were wide for most nutrients and ranged from positive to
negative values, implying that both overestimation and
underestimation occurred in children’s dietary intake esti-
mation from FFQ, comparing to FD. Although the z-score
method performed better, the limits of agreement for some
nutrients fell outside the dietary reference intakes (DRI).
For example, the estimated energy requirement at 4 years
ranged from 1113 to 1629 kcal in gitls, and from 1195 to
1763 kcal in boys [36]. The mean intake obtained from the
z-score method was 1741 kcal (LOA: 870-2385 kcal) and
from the standard method was 2470kcal (LOA:
689-2567 kcal). Regarding the calcium intake (recom-
mended dietary allowances: 1000 mg/day, 4-8 years [37]),
the LOA (using the z-score method) ranged from 403 to
1764 mg/day at 4 years and from 299 to 1754 mg /day.
Although the lower limit was below the estimated average
requirement (800 mg/day [37]), the upper limit was below
the tolerable upper intake level (2500 mg/day). On the other
hand, some nutrients had the LOA within the recommen-
dation. For example, the LOA of protein (DRI: 10-30%)
ranged between 9 and 27% of total energy intake, at 4 years
and between 10 and 28% at 7 years.

The validation of usual food consumption’s measure-
ments is an essential part of large-scale epidemiological
studies especially in prospective studies in which it is
possible to relate food habits with health outcomes.
Accordingly, the impact of measurement error on measures
of association is of greatest relevance. In the present study,
we observed that using a z-score calibration approach esti-
mated food and nutrient mean intake more similar to the
mean obtained through a reference method (i.e., FD), which
support a reduction on the exposure measurement error.

Our classical method of converting a FFQ, using specific
standard portions, showed an overall overestimation of
dietary intake, comparing to the FD. This trend of the FFQ
to overestimate the dietary intake was also described in
previous studies, in both adults and children [28, 29, 38—
40]. Such overestimation has been explained by the large
number of foods asked in the FFQ, providing a broader
selection of options as compared to other methods, or an
inaccurate reporting of the frequency of consumption of
commonly consumed foods. However, it is possible that the
portion sizes assumed in the FFQ are incorrectly high, or
that increasing frequency of consumption translates in
decreasing the portion size. Young children seem to self-
regulate their energy intake by adjusting their portion sizes
depending on the number of eating occasions per day [41].

On the other hand, the caregiver could decrease the portion
size with increasing frequency.

A previous study [16] among adults also handled missing
portion size in the FFQ. They reported a bias when using
median imputation and described advantages in using sto-
chastic methods to substitute missing portion size values
instead of using standard portions or medians. Although the
amounts consumed by individuals are considered an
important component in estimating food intake, it is still
controversial as to whether or not to include portion size
questions in the FFQ. As the frequency of consumption,
comparing to portion sizes, has been found to be a greater
contributor to the variance in intake of most foods, some
researchers prefer to use FFQs without the additional
respondent burden of reporting portion sizes [12].

Previous studies have shown that portion size estimation
is difficult for the majority of people, varying with personal
characteristics, such as appetite status, sex, age, and BMI
[28, 42—-44] or foods’ characteristics, such as energy density
and number of food standard units (e.g., 2 apples) [29].
Furthermore, portion size may be intentionally misreported
due to the social desirability effect [45]. A qualitative study
among mothers of 6—7-year old and 10-11-year-old chil-
dren in the UK, showed that mothers have difficulties per-
ceiving what is the recommended age-appropriate serving
sizes for their children [46]. These results raise questions
regarding the quality of parents’ report on children’s portion
data intake.

The few number of days included in the FD is one of the
limitations of this study. We only use 3 days over a period
of 1 week to represent a period of 6 months (FFQ). It is
described that to capture the day-to-day variability of some
nutrients it may be necessary to include more than the
3 days; it was predicted between 2 and 6 days to estimate
nutrient intake with good accuracy (r = 0.8), and even more
days to estimate food intake [47]. Although in the present
study, it was not possible to have more than three report
days from children, 2 weekdays and 1 weekend day, as that
would increase the burden of the caregiver and could result
in more losses to follow-up. Since the food collection was
performed every season on both weekdays and weekends,
the average of 3 days might be an accurate estimate of long-
time usual intake for food groups frequently consumed.
However, we could not exclude a less precise estimation for
food groups not expected to be consumed daily. This may
have contributed to the low agreement of ICC obtained, for
example, for sweets and salty snacks.

As usual in studies using FD as the method of food
assessment [3], more educated individuals are more prone
to participate. In our sample, in both ages, statistical dif-
ferences were not found for children’s sex or BMI, but
mothers were slightly more educated and older. The socio-
demographic characteristics of our sample seem to influence

SPRINGER NATURE
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the consumption of particular food items, increasing the
intake of fruit and vegetables and decreasing the intake of
energy-dense foods. This might not influence the internal
validity, since we expected to have this effect in both
assessment methods and ages. Lastly, with the proposed
method (z-score calibration), we obtained the same uncon-
ditional mean and variance as the 3d FD, estimating the
population distribution of the 3d FD, and not the distribu-
tion of the true usual intake.

In conclusion, the short FFQ used to evaluate dietary
intake among children performed reasonably well and seems
to be a useful instrument for evaluating a wide range of food
groups and key nutrient intake in children at 4 and 7 years of
age. These results also support that adjusting the portion size
when converting a FFQ, by using a z-score method, increase
the accuracy of dietary data in young children.

Supplementary information is available at European
Journal of Clinical Nutrition’s website.
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