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Abstract

Background: Dietary assessment during adolescence is crucial in determining how adolescents’ consumption
habits potentially affect current and long-term health. However, assessment methods for adolescents need to be
relevant to their emerging technological culture. We developed a web-based food frequency questionnaire
(webFFQ) to assess the habitual soy isoflavones and nutrient intake of adolescents. Our purpose was to validate this
webFFQ against multiple 1-day photograph-assisted food records (FR).

Methods: Adolescents aged 12-18 years (n =70) attending middle and high schools completed the webFFQ and
provided six 1-day FR. Fifteen participants were excluded due to improbable energy intake. Statistical agreements
were determined using Wilcoxon signed-ranks test, Pearson'’s bivariate correlations of normalized values with
energy-adjustment and correction for attenuation, cross-classification, and Bland-Altman plots.

Results: Based on n =55, the webFFQ had higher intake estimates for all isoflavones and most nutrients compared
to the FR. Energy-adjusted and deattenuated correlations were moderately strong for total isoflavones (r=0.67),
daidzein (r=0.63), genistein (r=0.64), and glycitein (r=0.54). They ranged from a high of 0.82 (animal proteins) to a
low of 0.11 (vitamin B12) for nutrients. Cross-classification agreement up to within 1 quartile ranged from 99.0 %
(vegetable protein) to 61.8 % (vitamin B12) with low gross misclassifications (0.0-12.7 %). Bland-Altman plots for the
isoflavones showed consistent overestimation and wide variation but nevertheless good agreement between the
two methods.

Conclusions: The webFFQ is relatively valid in ranking adolescents according to their isoflavones and nutrient
intake. However, while it significantly overestimates the absolute intake of most nutrients, results are comparable

to other food frequency questionnaires developed for adolescents.
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Background

Most chronic diseases in adults originate from lifestyle
practices and experiences during childhood and adoles-
cence [1-3]. Meal-skipping [4—6] and snacking on high-
calorie and low nutrient-dense foods are more common
during adolescence, and these could be detrimental to
their health [4-7]. Assessment of diet during this life
stage is crucial in determining how consumption habits
potentially affect current and long-term health. However,
assessment of diet among the youth is laden with chal-
lenges. This group may have difficulty identifying or
naming the foods they eat, conceptualizing food portion
sizes, and recalling their intake due to limited food
vocabulary; or, lack the patience, motivation, and perse-
verance to engage in dietary assessment activity [8, 9].

Despite their shortcomings, particularly recall bias and
the need to be culture- or population-specific [10], food
frequency questionnaires (FFQ) continue to be the main-
stay in the dietary assessment of large study cohorts and
in determining diet-and-health outcome relationships in
adolescents [11]. FFQs are low-cost, time-efficient, easy to
administer, can assess long-term or habitual intake, and
entail less respondent burden compared to other dietary
assessment methods.

A few validated FFQs for adolescents residing in the
United States exist, mostly in the paper format [12-18].
Since a large percentage of adolescents spend a significant
amount of time with technological devices, i.e., computers
and mobile phones [19], the current technological revolu-
tion and emerging culture for young populations should be
considered in the design of dietary assessment tools. Tools
that tap into the technological skills of adolescents may
keep them engaged and interested in dietary assessment
activities [9]. In recent years, digital dietary assessment
methods have been developed in an effort to improve the
accuracy of food and nutrient consumption estimates [20]
and decrease respondent burden in quantifying food intake
[21]. Thus far, a few online FFQs have been developed for
adolescents [22—-25]. However, none of the existing FFQs,
paper-based or online, met our need to assess the isofla-
vone intake of a multi-ethnic adolescent group, ~25 % of
whom are vegetarians and highly exposed to soy-containing
foods.

We conducted the Teen Food and Development Study
(TeenFADS) to investigate if soy isoflavones intake is
associated with the health and development of adoles-
cents. To make the dietary assessment more engaging
and to improve compliance, we developed a web-based
FFQ (webFFQ). Considering the context of ubiquitous
use of mobile phones with a camera, the use of technol-
ogy becomes more affordable in epidemiological studies
if personal gadgets with unlimited texting and calling are
employed. Thus, we chose multiple 1-day photograph-
assisted food records (FR) as the reference comparison
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method and designed it such that participants used their
own mobile phones to record their intake in text form
and digital photographs. The purpose of this study was
to validate the semi-quantitative webFFQ we developed
for TeenFADS to estimate the habitual consumption of
soy isoflavones and selected nutrients using multiple 1-
day FR as the reference method.

Methods

Study design

The TeenFADS is a cross-sectional study that investi-
gated the associations between dietary intake and health
and pubertal development of adolescents. Data were
collected using an online questionnaire that consisted of
several sections including a dietary assessment section
(webFFQ) and school visits for the anthropometric mea-
surements. This current study was designed to validate
the webFFQ using multiple 1-day FR as reference
method. Participants completed the webFFQ, underwent
a one-on-one training to do FR, and then provided 6 1-
day FR over 2-3 months. They utilized their personal
mobile phones for their FR. The Institutional Review
Boards of Loma Linda University (LLU) and Andrews
University approved the study protocol and the informed
consent process for both parental permission and assent
of the adolescent participant.

Study participants

The TeenFADS involved adolescents aged 12—18 years who
attended middle and high schools near Adventist univer-
sities in southern California and Michigan. Convenience
sampling was done to recruit volunteers for the validation
sub-study from among those who completed the webFFQ
and attended the anthropometry clinic (n=601). A ques-
tion at the completion of the web-based questionnaire
asked respondents if they were willing to participate in a
sub-study. Those who responded positively were contacted
and participants were selected based on the following
criteria: (1) owned a mobile phone with good camera
resolution; (2) had unlimited texting/calling; (3) after their
one-on-one training, demonstrated through a return dem-
onstration test the ability to follow video and/or printed
instructions on how to take digital photographs correctly;
and (4) could text messages and digital photographs to an
email account set up for the study. Initially, 108 adolescents
volunteered but of these, 23 did not meet the first two
requirements. Of those who passed the training (n = 85),
eight did not proceed with the study due to a busy sched-
ule, five either lost or did not receive their fiducial markers
and could not proceed with the return demonstration, and
two lost interest in the study before it started. Thus, a total
of 70 participants entered the study.
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Web-based food frequency questionnaire

The webFFQ is a 151-item self-administered, semi-
quantitative dietary assessment questionnaire that was
designed to assess the soy intake and habitual diet of adoles-
cents. The food list was initially composed of foods from a
pilot questionnaire constructed at LLU that was adminis-
tered among adolescents to determine their soy foods
intake. Foods deemed commonly eaten based on interviews
of multiethnic adolescents were added to this list. Registered
Dietitians (RDs) who work with adolescents reviewed the
list to ensure that the food names used were appropriate for
this population. A comprehensive list composed of 151 food
items, 36 of which were soy-containing, were included in
the final version (see Additional file 1: Table S1). Food items
were grouped into eight categories that constituted eight
screens in the webFFQ. The webFFQ was then pre-tested
on 25 adolescents of the same demographic characteristics
but were not participants in the study. This was done to de-
termine clarity, interpretation, length of completion time,
and if respondents would use the pop-up feature for add-
itional information about an item if they needed further
clarification. No conceptual difficulties in filling out the
webFFQ were reported and the majority of participants did
not find it necessary to seek additional information about
the food items. Technical issues with use of specific
browsers were resolved before administering the webFFQ.

Foods in the webFFQ are categorized as convenience
foods (32 items), protein-rich foods (29 items), starches/ce-
reals (17 items), vegetables/fruits (21 items), dairy products
(10 items), beverages (24 items), snacks/sweets (11 items),
and soups/legumes (7 items). These food groups are
divided over eight screens (see Additional file 2: Figure S1).
Food items are arranged in such a way that various types of
a specific food are grouped (e.g., dairy milk: regular, low-fat
or non-fat). Protein-rich foods such as meats also have their
meat alternative counterparts (e.g., chicken, vegechicken)
(see Additional file 3: Figure S2). More information about
the food and examples pop up when the pointer is hovered
over the food name (see Additional file 4: Figure S3). Fixed
portion sizes are based on familiar measuring devices, e.g.,
cup, tablespoon, 12-fluid ounce can, and others.

On the webFFQ, respondents are asked to self-report the
frequency of their intake during the past month. Frequency
of intake is selected from a drop-down list of frequency cat-
egories which are: never/rarely, 1-3 times per month, once
per week, 2—4 times per week, 5-6 times per week, once
per day, 2-3 times per day, and 4 or more times per day
(see Additional file 4: Figure S3). For seasonal foods, e.g.,
certain fruits, “when in season” is included as frequency of
intake category. To ensure that no item is skipped, respon-
dents are not allowed to move on to the next food category
until all items on the screen are completely filled out. How-
ever, they can go back to make changes to their responses
in any food category if desired.
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The current variety of meat analog brands has various
formulations. More specifically, some contain more gluten
than soy protein or contain no soy protein at all. To differ-
entiate between these formulations and more accurately
determine soy and isoflavones intake, a separate window
of different brand names for meat analogs appears for
respondents to choose from when a frequency of “once
per week” or greater is chosen. Frequency of “once per
week” or greater for meat intake also shows a separate
window where respondents choose the type of meat eaten
(beef, chicken, turkey, lamb or pork). It takes approxi-
mately 25 min to complete the webFFQ.

Food records with digital photographs
Multiple day food records provide a better measure of food
and/or nutrient intake and, thus, is commonly used as a cri-
terion reference measure in evaluating or validating FFQs
[26, 27]. This dietary assessment method is often paper-
based and recording is done on consecutive days. Weighing
or taking a photograph of the foods before and after they
are eaten are some of the approaches used to improve the
accuracy of food records. As the criterion measure for this
study, we determined the feasibility of using personal mobile
phones for photographing foods to be consumed and re-
cording intake as part of the food recording process among
our young study participants. This method is described in a
forthcoming article [28]. Instead of consecutive days of re-
cording, the protocol was designed to reduce the burden as-
sociated with continuous food recording which may result
in deviation from usual intake [27] or boredom, and to
make the procedure more attainable among adolescents.
Before the data collection, participants were trained and
then tested through a return demonstration of a one-day
ER that was then evaluated to determine readiness, or add-
itional training, for the study. During the trial runs, a few of
the participants were excluded for losing their fiducial
marker. Laminating the fiducial marker, adding a hole on
one side and inserting a 2-foot long 1-inch wide ribbon
through the hole resolved the problem of misplacing or los-
ing the marker. Participants were randomly scheduled for
six 1-day food recording days over a 2- to 3-month period.
All five weekdays (Monday to Friday) and one weekend day
(Sunday) were covered in scheduling the recording days.
The FR had two components: (1) digital photographs
before- and after-intake of a meal that captures a fiducial
marker for size approximation of objects in the digital
photograph; and (2) text message that captures the time
of intake, meal type (breakfast, snack, lunch, or dinner),
and the foods eaten with corresponding amounts. Partic-
ipants used their personal mobile phones to take digital
photographs and record their intake. They sent their text
report and photographs of their intake to a central loca-
tion (i.e., the email address for the study). Reports from
each participant (all digital photographs and texts sent
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during their reporting day) were reviewed and collated
into food records the following day by trained research
assistants. The amount of intake reported in the text
was compared with the before- and after-eating digital
photographs (after-eating digital photographs were only
sent if there were leftovers) to determine if amount
reported was estimated accurately or needed to be
adjusted. If reports were incomplete, unclear, have
discrepant information or other issues, the participant
was contacted for clarification. Otherwise, the FR was
cleared and logged on as completed.

Isoflavones and nutrient intake determination

Dietary intake reports on both the webFFQ and FR were
coded using the Nutrition Data System for Research (NDS-
R) software version 2012 developed by the Nutrition
Coordinating Center, University of Minnesota, Minneap-
olis, MN, for nutrient composition and analysis. The NDS-
R has a comprehensive database of about 18,000 foods—
which reflects variations according to preparation methods
and component ingredients—and 163 nutrients/nutrient
ratios/other food components derived from the USDA
database and several other sources [29]. The comprehen-
sive meat analogs database of the Adventist Health Study-2
[30] was utilized in determining the nutrient profile of meat
analogs. Frequency values of average consumption during
the past month were converted into frequency of intake per
day, e.g., frequency of 1-3 per month = 2/30 = 0.067, and so
on. Thus, factors used were 0 for “never/rarely”, 0.067 for
“1-3 times per month”, 0.143 for “once per week”, 0.429
for “2—4 times per week”, 0.786 for “5-6 times per week”,
1.0 for “once per day”, 2.5 for “2-3 times per day”, and 5.0
for “>4 times per day”. Nutrient amounts were relative to
the fixed portion/serving sizes in the webFFQ. For vegeta-
bles that are eaten either raw or cooked, the average of raw
and cooked nutrient components was used. For mixed
foods, recipes were created by trained RDs and nutrient
composition was based on the proportion of ingredients in
the recipe. For single food items where several types exist,
the NDS-R software computes nutrient composition for
the most commonly eaten type (the “default” food), a deter-
mination made using nationally representative market
research data [29]. Nutrient and isoflavones intake per day
was computed afterwards using the product-sum method
[27]. Daily FRs were coded on NDS-R separately for each
participant.

Statistical methods

All 70 participants selected for this validation sub-study
completed six recording days. However, 15 participants had
to be excluded from the analyses: four due to improbable
intake on the webFFQ which we predefined as >4500 kcal
or <1000 kcal for boys and >3500 kcal or <900 kcal for
girls, and 11 due to poor or non-compliance with the
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protocol in food recording. Thus, the analyzable data was
based on information from 55 participants.

Most of the nutrients and isoflavones had skewed
distributions. Absolute median intake estimates from the
webFFQ and the FR were compared using Wilcoxon
signed-ranks test. Intake values were either log- or
square root-transformed to achieve normality before
Pearson’s bivariate correlation analyses were performed.
Correction for within-person variation in multiple FR
measurements was performed using the formula r.=r,
[1+(S%/nS3)]” [31] where r, = corrected correlation co-
efficient, r, = crude correlation coefficient between FFQ
and mean of the multiple food records, S, = within-per-
son variance of the multiple food records, S = estimate
of the between person variance in the reference method
(food records), and n = number of repeated measures of
the food records. Using this method for deattenuation or
correction of the correlation coefficients creates
conditions in which normally distributed errors for r,
cannot be assumed. Thus, instead of the traditional
asymptotic methods to determine confidence intervals
about r,, we computed ‘distribution-free, non-parametric
95 % confidence intervals using the bias-corrected and
accelerated (BCa) bootstrap re-sampling method [32],
with each confidence interval determined from the
distribution of r.’s from 2000 samples.

Analytical tests were performed without energy adjust-
ment and with energy adjustment using the residual
method. The ability of the webFFQ to rank respondents
according to intake was tested by determining classifica-
tion agreement between quartiles of consumption levels
according to webFFQ responses and the mean of the
multiple FR. Proportions of exact agreement, within 1
quartile agreement, and gross misclassification were also
estimated. Additional graphical determination of agree-
ment with the reference method using Bland-Altman
plots was done for the soy isoflavones (total, daidzein,
genistein, and glycitein). Total isoflavones was computed
as the sum of daidzein, genistein, and glycitein. Analyses
were performed using the Statistical Analysis System
(SAS) statistical software package version 9.4 (SAS Insti-
tute Inc., Cary, NC, USA) and R version 3.1.2 [33].

Results

Participants in the study included 33 girls and 22 boys
with a mean age of 15.3 (standard deviation, SD =1.7)
years. Forty-six percent of the participants were Cauca-
sians and the mean body mass index (BMI) z-score was
0.49 (SD = 1.03). The analyzable group (n = 55) had simi-
lar characteristics as the entire study population except
for the proportion of vegetarians (see Table 1). Those
who were excluded did not significantly differ from the
analyzable group (not shown).
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Table 1 Demographic characteristics of the study population

Demographic Total Group ~ webFFQ Validation  p-value
Characteristic (TeenFADS)  Sub-Study
(N=60T1) Group (n=55)
Age in years, mean (SD) 15.0 (1.8) 153 (1.7) 0.17
Gender 057
Males, % 44 40
Females, % 56 60
Ethnicity 0.57
Caucasian, % 34 46
African/Afr-Am, % 9 6
Hispanic, % 14 16
Asians, % " 7
Others, % 7 7
Mixed, % 18 18
Site 0.66
California, % 55 58
Michigan, % 45 42
Vegetarian, % 24 42 0.002
BMI z-scores, mean (SD)  0.35 (0.95) 0.49 (1.03) 0.24

Table 2 shows the comparison of isoflavones and
nutrient intake estimates between the webFFQ and the
average of six 1-day FR using the Wilcoxon signed ranks
test before and after energy adjustment. For most of the
nutrients, estimates according to the webFFQ were
higher compared to FR but not significantly for trans
fats, carbohydrate, vitamin E and caffeine even after
energy adjustment. WebFFQ estimates of isoflavones
were about 300 % more than the FR estimates.

Table 3 shows the correlation coefficients before and
after adjustment for energy. Deattenuated correlations for
energy-adjusted soy isoflavones ranged from 0.63 to 0.67.
In general, energy adjustment improved the correlation
values except for folate, vitamin B12, calcium, iron, and
zinc. Deattenuation after energy-adjustment further
improved the correlations between the two methods for
most of the nutrients except zinc, calcium, folate and
iron—which remained the same or increased very slightly—
and vitamin B12, which decreased to a non-significant
value that was also the lowest correlation. Deattenuated
energy-adjusted correlations between the two methods
were weak (i.e., r<0.35) for vitamin B12 (r=0.11) and
zinc (r = 0.26); moderate (i.e., r between 0.35 and 0.50) for
calcium, folate, vitamin C, iron, vitamin E, retinol, and
protein; and strong (r> 0.50) for beta carotene, total fat,
saturated fatty acids (SFA), monounsaturated fatty acids
(MUFA), polyunsaturated fatty acids (PUFA), trans fats,
animal protein, vegetable protein, and dietary fiber.
Corrections for measurement error in the FR showed that
within-person variances were higher than between-person
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variances, an indication that this group of adolescents
have a wide variation in their day-to-day intake.

To further determine if the webFFQ provides a valid
ranking of isoflavones and nutrient intake, agreement
between quartile rankings on both methods was
performed through cross-classification analysis (Table 4).
Exact matches were moderate for soy isoflavones (38—
49 %) and high for matches within 1 quartile (80—84 %).
For the nutrients, exact match was lowest for vitamin
B12 (25.5 %) and highest for animal protein (52.7 %)
while matches within one quartile ranged from 61.8 %
(vitamin B12) to 99.0 % (vegetable protein). Gross
misclassifications ranged from 0 % (total isoflavones,
animal and vegetable proteins, and vitamin E) to 12.7 %
(zinc). Results of the cross-classification analyses were
consistent with the correlation analyses results.

Figure 1 shows the Bland-Altman graphs for total
isoflavones, daidzein, genistein, and glycitein. The differ-
ence between estimates on the webFFQ and FR was
plotted against the mean of the estimates of the two
methods. All graphs show that the mean difference line
is above zero, which indicates that the webFFQ consist-
ently overestimated intake relative to FR. While a few of
the dots appear closer to zero, more dots are scattered
both above and below the mean difference between the
two methods but very few of these dots are outside the
limits of agreement (shaded space). The distribution of
the dots also distinctly show non-consumers—shown as
a few dots flocked at 0,0—whereas the majority of the
dots are spread out which indicates a larger proportion
of this group were consumers with a wide variation in
isoflavones intake (Fig. 1).

Discussion

The webFFQ is a comprehensive semi-quantitative ques-
tionnaire that was developed to assess isoflavones and nu-
trient intake of adolescents in a population presumably
exposed to soy foods. We sought to evaluate the perform-
ance of this FFQ by comparing its absolute intake
estimates, degree of agreement, and ranking ability with
six days of 1-day FR as the reference method on soy isofla-
vones (total, daidzein, genistein, and glycitein), 20 nutri-
ents, and caffeine. Overall, the webFFQ performed
equivalently well as the FR in ranking the intake estimates
for isoflavones and most of the nutrients. Corrected
energy-adjusted correlations between the webFFQ and FR
were moderately strong (r is between 0.50 and 0.70) for all
the isoflavones and ranged from moderate (r is between
0.3 and 0.5) to strong (r>0.5) for 18 of the 20 nutrients.
Vitamin B12 and zinc were the only nutrients with weak
correlations. Degree of agreement within one quartile was
within the acceptable range (62 % for vitamin B12 to 99 %
for vegetable protein) and ranking ability was congruent
for a substantial proportion (>80 %) of the participants
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Table 2 Comparison? of reported soy isoflavones and nutrient intake on the web-based food frequency questionnaire with the
reference method (food records with digital photographs) without energy adjustment and with energy adjustment (n = 55)

Without Energy Adjustment

With Energy Adjustment

Web-based FFQ Food Records

Web-based FFQ Food Records

Nutrient Median IQRP Median IOR p-value® Median IOR Median IOR p-value
Energy, MJ 8.77 6.29 763 256 0.02
Total isoflavones, mg 9.31 30.50 3.16 18.03 <0.001 940 29.24 264 1347 <0.001
Daidzein, mg 350 12.70 135 7.05 <0.001 357 11.94 1.03 539 <0.001
Genistein, mg 498 1537 1.68 9.37 <0.001 492 14.82 1.36 7.09 <0.001
Glycitein, mg 082 296 0.27 1.50 <0.001 1.07 270 0.27 1.24 <0.001
Fat, g 8133 4836 65.19 2763 <0.001 78.89 1092 62.39 1437 <0.001
SFA, g 2641 16.66 2125 9.15 <0.001 26.20 8.58 19.59 745 <0.001
MUFA, g 27.75 18.29 21.85 10.00 0.001 26.21 483 20.88 397 <0.001
PUFA, g 21.50 1293 17.05 7.06 0.001 20.01 7.28 15.79 465 <0.001
Trans fats, g 235 1.52 211 1.29 0.12 238 0.92 227 1.10 0.13
Carbohydrate, g 266.33 137.70 24266 90.64 046 251.84 34.06 253.35 3448 0.16
Protein, g 80.66 57.78 6240 28.15 <0.001 7646 11.29 62.99 16.59 <0.001
Animal protein, g 29.88 29.70 2536 2353 0.004 30.19 2399 26.34 2325 <0.001
Vegetable protein, g 4488 27.37 3592 21.10 <0.001 44.80 1945 35.63 12.66 <0.001
Dietary fiber, g 26.75 15.01 2020 1223 <0.001 25.74 9.06 2032 792 <0.001
Beta carotene, mcg 4038.70 3816.72 2547.64 2502.86 0.002 3629.93 257813 2432.11 235571 0.002
Retinol, mcg 512.33 354.03 386.66 251.29 <0.001 494.90 21082 396.22 215.04 <0.001
Vitamin E, mg 10.07 6.57 942 457 0.56 9.03 3.09 9.69 333 0.06
Vitamin C, mg 133.10 96.47 76.72 7161 <0.001 130.15 8741 75.53 69.30 <0.001
Folate, mcg 606.31 37412 422.31 20830 <0.001 57885 195.57 439.31 165.14 <0.001
Vitamin B12, mcg 6.62 4.14 407 254 <0.001 6.09 259 370 227 <0.001
Calcium, mg 1149.29 547.37 855.00 514.07 <0.001 112558 400.07 839.31 382.86 <0.001
Iron, mg 17.82 8.30 14.21 6.32 <0.001 17.23 3.80 14.07 338 <0.001
Zinc, mg 11.72 641 7.81 497 <0.001 11.60 236 837 336 <0.001
Caffeine, mg 9.06 24.06 464 1567 0.07 8.39 19.36 462 1553 0.05

#Wilcoxon Signed Ranks test
PIQR, interquartile range

SFA saturated fatty acid, MUFA monounsaturated fatty acid, PUFA polyunsaturated fatty acid

specifically for SFA, total protein, animal protein, vege-
table protein, dietary fiber and the isoflavones (total isofla-
vones, daidzein, genistein, glycitein). However, compared
to the FR, the webFFQ had significantly higher estimates
of absolute intakes of energy, isoflavones and all nutrients,
except carbohydrates, vitamin E, trans fats and caffeine.

In view of the findings regarding the use of technology
in the dietary assessment of young people [9], we found a
high completion rate of the webFFQ (only 2 % of the par-
ticipants did not complete). This could be attributed to
the privacy, confidentiality of responses, and the conveni-
ence of filling out the questionnaire at home, at school, or
where access to a computer and the internet was available.

Written food records and 24-h recalls are usually
employed as standards in evaluating and validating FFQs.
Given that digital photographs of foods eaten were

obtained, using FR as the reference method allowed tri-
angulation when evaluating portion size estimates and in
identifying carelessly omitted food items in the texted food
report. Considering that digital photographs improve en-
ergy and macronutrient intake estimates when combined
with dietary food records [34], FR is certainly an appropri-
ate alternative to the conventional written food record for
this age group. Moreover, the FR afforded a cost-effective
technology-based comparison method given that partici-
pants were willing to use their personal phone with a
built-in camera and unlimited texting.

Relative to two other web-based [24, 25] and six paper-
based [35-40] FFQs for adolescents which were validated
against either multiple 24-h recalls or food records, our
webFFQ shares similar overestimation bias for most nutri-
ents. Of these eight FFQs, all have higher estimates for
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Table 3 Validity correlations between the webFFQ and FR estimates of nutrients and soy isoflavones, before and after energy

adjustment (n =55 adolescents)

Nutrient Without energy adjustment With energy adjustment
Crude r" Corrected r BCa 95 % CI° Crude r S 5 Corrected r BCa 95 % Cl

Energy, kcal 032 037 (0.04, 0.62)

Total isoflavones, mg 0.58 0.65 (0.44, 0.80) 0.59 1272 0.753 0.67 (044, 0.81)
Daidzein, mg 0.54 0.61 (0.36, 0.77) 0.55 0.733 0413 0.63 (0.38,0.79)
Genistein, mg 0.56 063 (040, 0.80) 0.56 0.881 0491 0.64 (042, 0.79)
Glycitein, mg 046 0.53 (0.26, 0.73) 048 0.193 0.099 0.56 (027, 0.74)

Fat, g 033 039 (0.12, 0.66) 0.59 0.060 0.026 0.69 (0.44, 0.88)
SFA, g 038 043 (0.12, 0.69) 0.66 0.124 0.076 0.74 (0,52, 0.88)
MUFA, g 0.32 040 (0.14, 0.68) 0.55 0.096 0.027 0.69 (0.34,0.92)
PUFA, g 039 0.50 (0.18,0.79) 043 0.176 0.032 0.59 (0.22,0.81)
Trans fats, g 028 037 (—0.02, 0.80) 0.54 0.693 0.195 0.68 (0.32,0.89)

Carbohydrates, g 0.36 040 (0.11, 0.63) 0.56 0.023 0.010 0.66 (0.37,0.84)

Protein, g 0.37 043 (0.18, 0.62) 0.39 0.053 0.027 045 (0.19, 0.64)
Animal protein, g 0.65 0.70 (0.50, 0.85) 0.77 0452 0.550 0.82 (0.67,0.91)
Veg protein, g 0.59 0.65 (0.50, 0.77) 0.72 0.080 0.069 0.79 (0.64, 0.89)

Dietary fiber, g 049 0.53 (0.35, 0.65) 0.65 0.103 0.092 071 (049, 0.85)

Beta carotene, mcg 0.30 037 (0.05, 0.62) 044 2.127 0484 0.57 (0.24, 0.76)

Retinol, mcg 0.25 0.28 (—0.14, 0.64) 0.36 0.937 0529 041 (0.08, 0.72)

Vitamin E, mg 0.15 0.18 (-0.45, 0.65) 0.34 0.226 0.086 041 (0.01,0.77)

Vitamin C, mg 022 0.24 (—0.05, 0.52) 035 0.768 0367 040 (0.08, 0.65)

Folate, mcg 0.36 040 (0.17, 0.59) 0.32 0.139 0.070 0.38 (0.11,057)

Vitamin B12, mcg 0.26 0.30 (0.05, 0.55) 0.09 0.246 0.098 0.1 (—0.26, 0.40)

Calcium, mg 035 039 (0.12,0.59) 032 0.168 0.072 038 (0.09, 0.63)

Iron, mg 040 047 (0.23, 0.66) 0.33 0.108 0.034 041 (0.18, 0.60)

Zinc, mg 0.27 031 (-0.01, 0.55) 024 0.098 0.052 028 (0.01, 0.49)

Caffeine, mg 039 049 (0.08, 0.80) 044 7.505 2346 0.54 (0.10, 0.83)

webFFQ web-based food frequency questionnaire, FR food records with digital photographs, SFA saturated fatty acid, MUFA monounsaturated fatty acid, PUFA

polyunsaturated fatty acid

2r = Pearson’s correlation coefficient where corrected r is the value after correcting for multiple measurements in the reference methods; S2 = within person
variance in the multiple measures on the reference method; SZ = between-person variance in the multiple measures on the reference method; BCa (bias-corrected
and accelerated) 95 % confidence interval (Cl) provides nonparametric confidence limits for the r. If interval does not include 0, the correlation is statistically

significant at alpha = 0.05

dietary fiber, 7 overestimated energy and fat and 6 overes-
timated calcium. Out of seven FFQs that validated carbo-
hydrate and protein, 6 overestimated these nutrients while
3 have higher estimates for iron. Three of the 4 FFQs that
validated vitamin C and retinol have higher estimates for
these nutrients; and, out of three FFQs, two overestimated
magnesium and saturated fat while one overestimated fol-
ate and monounsaturated fat.

Under-reporting of true intake in dietary food records
[41, 42] coupled with overestimation tendencies during
completion of lengthy FFQs may explain the lack of accur-
acy in the absolute intake estimates in this current study.
Overestimation bias may also be attributed to inherent
errors associated with the methods or the nature of the
study population itself. Bias associated with under-

reporting—by either a deliberate or careless omission of
foods, or misreporting portions eaten, e.g., to avoid taking
additional digital photographs for second helpings—and
over-reporting in the webFFQ may explain the discrepan-
cies between the two methods. Further investigation is
needed to determine the sources of these biases.

One strength of this study was the use of a compari-
son method considered least likely to have similar errors
inherent in FFQs, specifically reliance on memory [27].
Another strength was that the methods used were age-
appropriate, less burdensome and less time-consuming
for the respondent compared to the traditional paper-
based food recording. In addition, digital photographs
that accompanied the food reports allowed for adjust-
ment of miscalculated portion sizes and identification of
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Table 4 Cross-classification of the ranked quartile nutrient and isoflavones intake estimates between the webFFQ and FR (n =55)

Nutrient % Exact match % Exact match + 1 quartile % Gross mismatch
Energy, kecal 327 69.1 73
Total isoflavones, mg 455 818 0.0
Daidzein, mg 491 836 18
Genistein, mg 473 81.8 18
Glycitein, mg 382 80.0 55
Fat, g 29.1 79.0 18
SFA, g 418 80.0 1.8
MUFA, g 273 764 9.1
PUFA, g 390 782 73
Trans fats, g 40.0 764 36
Carbohydrate, g 382 709 36
Protein, g 327 80.0 36
Animal protein, g 527 89.1 0.0
Vegetable protein, g 473 99.0 00
Dietary fiber, g 491 836 1.8
Beta carotene, mcg 345 69.1 9.1
Retinol, mcg 29.1 65.5 73
Vitamin E, mg 436 72.7 0.0
Vitamin C, mg 40.0 72.7 36
Folate, mcg 29.1 67.3 1.8
Vitamin B12, mcg 255 61.8 109
Calcium, mg 327 69.1 73
Iron, mg 345 79.0 36
Zinc, mg 345 764 12.7
Caffeine, mg 364 727 73

webFFQ web-based food frequency questionnaire, FR food records with digital photographs, SFA saturated fatty acid, MUFA monounsaturated fatty acid,

PUFA polyunsaturated fatty acid

missed foods, considering that two-dimensional images
could be more accurate at estimating food volume and
in identifying cooking methods than 3-dimensional
images [43]. Another strength was the human interven-
tion in collating the final dietary food record. The
follow-up calls from our research nutritionists within
the next 48 h after the reporting day further ascertained
the accuracy of the reports and the details needed for
food components not apparently seen in the pictures.
Our study has a number of limitations. In our attempt
to reduce respondent burden, our intermittent collection
of 1-day food records may have not captured the inherent
daily variation in intake compared to that of continuous
food recording [27]. However, our results showed higher
within-person than between-person variances in the 6 1-
day food records. This indicates that intermittent food
records can still catch daily variation in intake. Another
limitation, common to most validity studies, is the use of
convenience sampling and a small sample size. For this
reason, we collected six FRs per participant to improve

the precision of the comparison method in capturing
habitual intake. Another limitation is the lack of a bio-
chemical marker to assess isoflavones intake. However, it
was already demonstrated that FFQ isoflavones estimates
are significantly correlated with urinary isoflavonoids in a
cohort of adults that includes parents of some of these
adolescents [30]. The use of digital photographs in food
records made this method less burdensome to respon-
dents; however, managing the texts/digital photographs
and quality control of the digital photograph-assisted FR
on the part of the research team was still time-consuming
[28]. Likewise, although human intervention in ascertain-
ing the accuracy of food records submitted by participants
is a strength, it is still subject to several errors, i.e., judg-
ment, inter-evaluators, and coding. On the other hand,
these limitations would not differ from managing food re-
cords collected through conventional methods.

Recall of dietary intake is more challenging for
adolescents than adults so using the most recent past
and shorter time coverage may reduce recall bias in
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Fig. 1 Bland-Altman graphs for total isoflavones, daidzein, genistein, and glycitein intake of the group that reported intake of soy-containing
foods (n = 55). The graphs plot the difference between the energy-adjusted values for the two methods (web-based food frequency questionnaire
[webFFQ] and food record with digital photograph [FR]) against the average of the two methods. Shaded part of the graph indicates the limits
of agreement

adolescents. This also reduces the burden of quantifying
and averaging intake based on fixed portion sizes. How-
ever, this approach has its adjoining disadvantages, in-
cluding the reduced ability to capture seasonal variations
in the diet. We were not able to do a repeat administra-
tion of our webFFQ to determine if reported intakes are
reproducible. A reproducibility study could have estab-
lished confidence in the ability of our webFFQ to meas-
ure usual intake especially when the FFQ was designed
to measure intake of the most recent past.

Conclusions

Compared to multiple 1-day food record with digital
photographs, the 151-item webFFQ we developed for
the TeenFADS is relatively valid in ranking adolescents
according to their intake of soy isoflavones and nutri-
ents. However, this web-based tool significantly overesti-
mates adolescents’ absolute intakes of soy isoflavones
and most of the selected nutrients. Overall, the webFFQ
may be used to classify adolescents in this population ac-
cording to their dietary intake.
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