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Abstract

Technological innovations can standardise and minimise reporting errors in dietary assessment. This scoping review aimed to summarise the characteristics
of technological tools used to assess children’s food intake. The review followed the Joanna Briggs Institute’s manual. The main inclusion criterion was
studied that assessed the dietary intake of children 0-9 years of age using technology. We also considetred articles on validation and calibration of tech-
nologies. We retrieved 15 119 studies and 279 articles were read in full, after which we selected 93 works that met the eligibility criteria. Forty-six tech-
nologies were identified, 37 % of which had been developed in Europe and 32-6 % in North America; 65-2 % were self-administered; 27 % were used
exclusively at home; 37 % involved web-based software and more than 80 % were in children over 6 years of age. 24HR was the most widely used trad-
itional method in the technologies (56-5 %), and 47-8 % of the tools were validated. The review summarised helpful information for studies on using
existing tools or that intend to develop or validate tools with various innovations. It focused on places with a shortage of such technologies.
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Introduction technologies (WBTs), apps for mobile data collection devices,

Conventional methods for dietary assessment emerged in the
20th century, and the first written records date back to the
1930s in the United States and European countries, especially
in the United Kingdom. With the increase in dietary records,
technological progress has facilitated computer access since
the 1970s and allowed nutritional calculations through dietary
assessment  incorporated into computerised  systems".
Innovations that retrieve dietary data from the population
were established, including software with online and offline
functionality, personal digital assistants (PDAs), web-based

barcode readers, digital cameras and sensors coupled to
clothing®.

Despite all this technological progress, many tools are still
based on traditional methods that consider self-reported
food intake, such as 24-hour recall (24HR), food records
(FR) and the food frequency questionnaire (FFQ)®*. Thus,
inherent errors in the traditional dietary assessment are also
found in the technologies, such as underestimating food
intake®. Meanwhile, increasingly more technological innova-
tions that operate independently of conventional methods
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and self-report, such as barcode readers, technologies based

@, Even so, all

on digital cameras, and sensors are emerging
technological tools are subject to measurement and estimation
errors, and validation studies increasingly aim to quantify such
errors®,

Especially in childhood dietary assessment, these errors may
be magnified by the child’s cognitive capacity limitation,
requiring a parent’s assistance in reporting the diet®” and
potentially expanding the possibility of food intake estimation
errors, such as under- or overreportingw. However, the inves-
tigation of children’s dietary intake is essential in assessing their
nutritional status and predicting their health status in subse-
quent life stages. Eating habits established in the eatly decades
of life are known to significantly affect the risk of developing
chronic diseases, especially overweight and obesity, in child-
hood and at future ages®. Studies have thus developed tech-
nologies that minimise errors in childhood dietary assessment
and automate and standardise data collection, integrating
technological and digital resources that facilitate food measure-
ment, reducing costs and increasing individuals’ participation
rates, facilitating data collection””.

This context underscores the relevance of knowing the
existing technological tools for assessing children’s food
intake, including the tools’ characteristics and validity. Such
knowledge is essential for assisting the choice of available
tools, verifying populations in which these technological
resources are still scarce, and identifying trends and possibil-
ities for improving and developing innovations applied to
dietary assessment technologies. Thus far, seven reviews
have shown technologies for obtaining data on children’s
food intake®®77712, Still, some reviews failed to follow stand-
ard methodologies for reviews based on international
12 addressed different age groups, not specific
, and only retrieved validation studies(7’m>,

guidelines®
to children®"?~1V
or were limited to one type of dietary assessment method®'?.
Therefore, the principal question in the present study was the
following: Which technologies are used to assess children’s
food intake? A scoping review was used to answer this ques-
tion to identify and characterise the technological tools used to

assess children’s food intake.

Methods
Study design

A scoping review was conducted per the Joanna Briggs Institute
Reviewer  Manual™ and  with additional methodological
guidelines"?. The review followed the PRISMA-ScR verifica-
tion list (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses  Extension  for Scoping Reviews) (Supplementary
Table S1)?. The protocol was registered with the Open
Science FEramework (https://doi.org/10.17605/OSF.1I0/
WMBEZ)"'? on 14 April 2021. The principal question that
gave rise to the search strategy was formulated with the
mnemonic PCC  (Population, Concept and Context)'?,
where the population was defined as children 0-9 years of
age, the concept as technological tools and context as food
intake assessment.

Eligibility criteria

The eligibility criteria were established @ priori (Supplementary
Table S2). Studies were eligible if they assessed the food intake
of children 0-9 years of age using technology. Studies that
assessed other age groups and included children 0-9 years
were included. Articles on validation and calibration of techno-
logical tools were also considered. Studies with objectives
other than assessment of children’s food intake but which at
some stage performed and described the technology used
were also included. The review excluded studies that exclu-
sively used traditional dietary assessment tools or technologies
that were only used in the data analysis or for some purposes
other than assessing food intake, such as dietary education,
food preferences, promotion of healthy eating habits (mainly
clinical trials), body weight control and exclusive assessment
of breastfeeding. The review also excluded review studies, pro-
tocols, abstracts and posters published in congress proceed-
ings, articles written in languages other than Portuguese,
English and Spanish, and studies that did not present sufficient
information for data extraction.

Search strategy

The systematized search process was conducted in five data-
bases and oriented by a libratian with experience in synthesis
studies (DM). The first database explored was MEDLINE
(Medical Literature Analysis and Retrieval System Online)
via PubMed. The strategy was subsequently customised for
the databases Scopus, Web of Science, LILACS (Latin
American and Caribbean Literature in Health Sciences) via
BVS and the Cochrane Library. The search was performed
up to 26 October 2021, in all the databases. A complementary
search was performed in the gray literature and explored in the
OpenGrey soutrce. Studies were also identified by cross-
referencing selected relevant studies in contact with authors.
No restrictions were imposed on the date of publication or
languages. The complete search strategy is shown in
Supplementary Table S3.

Article selection and data extraction

Initial selection (Reading titles and abstracts). All the
identified references were organised as a dataset in the
Endnote software, version x7 for reading the titles and
abstracts, and duplicates were removed.

Three researchers read the studies’ titles and abstracts indi-
vidually (GSI, JSM and MBM), and the article selection fol-
lowed the eligibility criteria. The study coordinator, a fourth
member (MCA), evaluated any disagreements in the article
selection process.

Final selection (Reading full texts and data extraction). The
potentially relevant studies in the first stage were retrieved for
reading the full texts via PubMed (https://pubmed.ncbi.nlm.
nih.gov/) and Google Scholar (https://scholat.google.com.bt/)
websites. Some articles that temained inaccessible were
requested from the authors via e-mail, but this method was
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unsuccessful. Full-text reading was performed pairwise, but
two researchers joined one of the pairs and shared the
reading (GSI and JSM + GF). Divergences in the articles
were resolved by another researcher (MCA).

The extraction table created to compile the critical informa-
tion on the technological tools retrieved the following data:
characteristics of the technological tools (brand name; type
of technology; food intake assessment method; administration
method; data entry method; age group; language displayed by
the software; country of origin; data collection environment
and references), details on the technologies (number of
foods/preparations/beverages available in the database; search
format/food insertion in the technology; assessing amounts
consumed; method for estimating portions; nutrient intake
assessment; supplement consumption report; person reporting
the child’s food intake; food composition database) and tech-
nology validation (reference method; the number of partici-
pants; statistical analysis used; participants’ characteristics —
age group, sex and study location; and principal results and
conclusions).

Data analysis and synthesis

A qualitative synthesis of the selected studies was used to map
the literature, as designed in the research question. Absolute
and relative frequencies were calculated to synthesise some
information, using Microsoft Excel and R (version 4.2.0) to
analyse the data.

Results

A total of 15119 studies were retrieved from the databases,
yielding 10 919 articles after excluding duplicates. Then, titles
and abstracts were read, and the inclusion and exclusion cri-
teria were applied, resulting in 279 articles eligible for full-text
reading. Ninety-three studies finally met the eligibility criteria
(Fig. 1). The principal reasons for exclusion were the use of
traditional dietary assessment methods or technology exclu-
sively for data analysis (# 96) and technology applied to nutti-
tional education, promotion of healthy habits, body weight
control and analysis of eating behaviours or dietary preferences
(n 20) (Supplementary Table S4).

A total of forty-six technologies were identified in the
ninety-three studies analysed, in which the most widely studied
technologies were Web-DASC, addressed by nine articles
97 %)), Nutrition Data System for Research (NDSR),
cited in seven articles (7-5%)%°?, and EPIC-Soft"”’~*)
and Web—CAAFE(4AF48), each mentioned in five articles
(5-7 %). Most of the technologies were developed in Europe
(37 Y (1T-25:33394349T0) Ny America (32-6 %) 26327359
and Oceania (10-9 %)% % The most widely used trad-
itional dietary assessment method used in the tools was
24HR (565 %o; 1 26)(17370-A85260.6177-81,85,56.89.90.94-97,
27100 Thirty  technologies (652 %)  were  self-
administered(!7-25:33-38.44-52,54-61,65,67,68,70-84,86-88,91,94,100,102~
105’1077“(», while 11 (23-9 %) were administered by an inter-
Viewer@6-239-3.6985,89.9095.7-99.10L106) 404 4 (10.9 %) had
some other form of administration or did not provide this

information®02-64:06

tings were home and school. Approximately 27 % of the tech-
(17-32,38-43,54—

9299 The primary data collection set-

nologies were used exclusively at home
57,65,67,68,71,84,85,87-91,98,99,101,106,107) o

, 22:6 % at school
52,60-64,66-69,77-8091,94,95,100,102-105) " 4 6 =0, qp o

. (58,59,82,83,92,93,96,97,108-110) :
tings*%78%8:9293,96.97, ). The leading types of technol-

17-25,33—
ogy were web-based software programs (37 %o; # 17)1" 7>
37,44-52,58,59,67,68,80,81,84,86,87,94,95,100,108)

(33-37,44—

and offline programs
(B0-4 Yo n 14)P0-3239-43.53,60.61,65,69.77-79,85,86-90.96.97.99,101—
2
105) 1v:. - .
?). Digital cameras were only used in 11 % of the technolo-
. 54-57,71,82,83,91-93,109,110
gies (n 6)" PEEES 109119 NMore than 80 % of the stud-

- - 17-25,30,33—
ies were conducted in the age group over 6 years! 2>

5260-7T0.73,7477-80.82-9193.95-106,105-110) ot 1),

As for the technologies’ details, the principal means for data
entry were text format based on a list of names or predefined
categories of foods (32-6 ¥e)3H3TH4-48.5262-64.77-50.87,96-101)
image capture of foods (
free text (152 o) C0242107688099 rhe data entry method
was not informed in 17-4 % of the studies®>>>0%018%20:102=

105 . - 17—
> Most of the technologies were quantitative (87-0 %)
33,39-43,49-68,70,71,73-86,88-99,101-105,109,110) -
, in which 17-4 % of

:
38,54-57,73-76,82,83,91-93
174 %) OBSHSTTT082839199) g

the tools used photo albums and standardised household mea-

. (26-32,39-43,49-52,62—65,80,81,84,88,96—
sures to estimate amounts

IRIOI09). 8.7 9% only used photo albums
and 26-1 % used analysis of food photographs by partici-
pants®* 7T LTITOERERI99) Nost of the technologies allowed
estimating energy and nutrient intake (56-5 %) ©77-00-016284

87,89,90,92-97,101-105,109,110 .
T ’ A0910 " but only 17-4 % described  the
(65,89,90,96,97,101,

(17-25,58,59,70,71,85)

assessment of food supplement consumption
109110 - Approximately 54-6 % of the articles did not report
whether the technological tool presented a food composition
database(l7-32:39-43,49-52,54-57,60,61,65,67,68,80,82,83,87,89-91,94,96,
79 Children were the informants in approximately 35 % of
the tools@338:H-4B5262-6470.13-848695100) 4 0ainicr 26.1 ¥ for
patents and guardians@6 3254596 TLETEBIA8) o 9

A total of 47-8 % (n 22) of the technologies analysed were
validated. The tools with most validation studies were Web-
DASC with four articles® *, followed by Web-FR*' "
and  Web-CAAFEC™**)  ith three validation studies
each. The most widely used reference method for comparing
with the technologies in the validation studies was direct
observation (38-7 %)@ HASAS262TTE6I394I00) L1 ed
by 24HR (25-8 %)C>>> 0 H80ILI0%I0 " The  qumber  of
participants analysed in the validation studies ranged from
21 to 834. Eighteen studies (58 %) concluded that the valid-
ation studies were satisfactory@l-243338:4445.50,55,6267.71,77.91,
93100110 10 contrast, 10 (32 %) found that the tools required
improvement®T 42425 LS20 8084102109 40 nle 3 (10 %)
concluded that the tool needed to be adequate for assessing

food intake in the study population®****? (Table 2).

Discussion

As far as we know, the present study was the first scoping
review on technologies developed to assess children’s food
intake. Most of the technologies analysed had the following
characteristics: web-based software packages; developed for
children over 6 years of age; assessed food intake with
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]

Fig. 1. Flowchart describing the scoping review process.

24HR and collected data at home. Most were self-
administered; used text-based data entry based on a list of pre-
defined names/categoties of foods; published in English;
allowed assessing the amount consumed; estimated food por-
tions with photographs of foods; assessed energy and nutrient
intake; did not report assessment of supplement intake and did
not report whether they included a food composition database.
These results corroborate the review by Eldridge ef a/., which
found that of fourteen technological tools used only to assess
children’s food intake, 50 % were based on 24HR; 50 % were
web-based and 43 % were developed in Europe@ Meanwhile,
a systematic review by Kouvati e a/. found that 91 % of the
eleven technologies used for the same purpose were
web-based .

The Danish software Web-DASC was the most widely ana-
lysed technology in the publications, totalling nine studies
referring to the tool!’ ™, with four of these studies assessing
its validation® . Web-DASC is a web-based software fea-
turing a list of foods and beverages with around 1300 items
self-administered by children with or without help from par-
ents or guardians. The age group cited by all the studies
involving this technology was 8-11 years<17725>. The second
most frequently cited technology in the studies was NDSR,

Studies identified in databases (n =15,119)
c
L
® PubMed SCOPUS WEB OF COCHRANE LILACS OpenGrey
5.'2' (n=5,673) (n=1,629) SCIENCE (n=2.295) (n=441) (n=8)
€ (n=5,073)
]
]
c Studies selected by reading titles and abstracts, after excluding duplicates
2 (n=10,919)
(8]
9
]
]
-g Studies excluded for
is »{ failure to meet eligibility
criteria
—
(n=10,640)
)
A
2 Full text articles retrieved for Full text articles excluded (n = 186)
= eligibility »| -Principal reasons for exclusion-
o (n=279) 52% - Studies that assessed children’s
[ dietary intake through traditional methods
(on paper) and/or used technological tools
exclusively for the data analysis; 15% -
Studies that did not use technologies and
did not assess children’s dietary intake (0-9
years); 11% - Studies that used technologies
- for nutritional education, promotion of
S Studies included healthy eating habits, or to control body
T’_, (n=93) mass index; 22% - other reasons
(=
—

26-32
( >, and no

from the USA, mentioned in seven studies
study that assessed its validation was found. This software
has an offline feature, and unlike Web-DASC, the food intake
report is obtained with an interview. The list of foods and bev-
erages in this technology is longer, with 1800 food items, and
the age group mentioned by the various studies ranged from 0
months to 11 years of age® . Other technologies frequently
mentioned in the studies were Web-CAAFE and EPIC-Soft.
The former, developed in Brazil, was cited in five articles(w&,
including three validation studies®”***9)_ This software is web-
based, self-administered by children 7—15 years of age, and
features a list of 300 groups of foods and beverages™**.
Meanwhile, the EPIC-Soft version for children was developed
jointly between Denmark and the Basque region. It is software
with offline functionality, in which data are collected via an
interview with the child and a parent or guardianﬁg%ﬁ. As
with Web-CAAFE, five studies cited EPIC-Soft® ", and
one focused on its validity™. No information was found on
the amounts of foods and beverages in this software, and
three age groups were analysed: 4-5, 7-8 and 12-13
years<39743>.

Although our review identified technological resources that
are currently no longer applied to the methodology for
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Data entry

Free text typing

Text (based on a predefined food list and/or categories of
foods)

Food photo taken
Barcode
Food photos (based on a predefined list)

Predefined list

Free text typing and food photos (based on a predefined list)

Not reported

TS 15%
SRR 33%
T 17%

W 2%

W 2%

9%

2%

EEREESRRE  18%

Assessment of energy and nutrient intake

ves R R ARl
No I /1%

Notreported [l 2%

Report dietary supplements
Yes NN 17%
no R SR 63%
Notreported NN 20%

Not applicable Wl 2%
Who reports child’s food intake
Child with or without
Assessment of amount consumed ‘guardian’s help . 0%
Porere o I 5%
guardians
s R 7 e ——
No I 13% Child, parents or g 100

Portion estimation

Notreporied I
weighing [N 7%
Food photo - [ SRR 5%
Standardized household
o
measurements
Photo album of foods [N 9%

Photo album of foods and

standardized household [N 7%

measurements

guardians

interviewer W 2%

Child with guardian’s
help 7%

Child with
interviewer's help M 2%

Notapplicable [l 4%

Notreported [l 4%

Includes food composition database

Yes G 39%
Not applicable N 7%

Not reported e P G ORI 54%

Fig. 2. Detailed summary classification of technological tools to assess children’s food consumption.

assessing children’s food intake, such as digital cameras, which
are now integrated into smartphones, providing much simpler
digital food item image snapshots™, other tools caused a stir
because of the innovations employed as assessment methods.
Two studies reported technologies with smartcard systems.
Lambert ez al. ™Y performed three simultancous studies to
develop and validate the use of cards that functioned with
the same principle as a debit card, in which the foods pur-
chased by the children were recorded in a databank.
Luszczki er al © used cards with barcodes to identify children
that used the card to purchase fruits and vegetables at school.
None of the studies that approached these technologies named
the tools. No validation study was retrieved on the technology
analysed by Luszczki e al®?. Another technological innov-
ation presented by Beltran e al.®**” was on eButton. This
portable device was attached to children’s clothing at chest
level, using a multi-sensor camera to capture data on the
foods and beverages consumed. The foods were identified
by nutritionists using images obtained by the device, and a
three-dimensional digital mesh procedure quantified the por-
tions. No wvalidation study was found for this technology
either.

An essential aspect in the technologies’ development was
that most failed to inform whether the technological resources
presented databases on the foods’ nutritional composition
integrated into the tool. However, most allowed estimating
energy and nutrient intake, which suggests that the estimates
are performed separately by the technology via data analysis
using information from foods’ nutritional composition tables.
The children’s diverse diets could hinder the automatic

integration of data on the foods’ nutritional composition
into these technological tools. Still, automated information
would facilitate data analysis and the elaboration of real-time
feedback on energy and nutrient intake from children or guar-
dians"". Of the technologies assessed in the present study,
TECH®?, Web-DASC"”, NDSR® and Button® have
food composition databases integrated into the tool.

Another apparently non-trivial aspect revealed by our
study is the analysis of children’s food intake in their
respective settings, namely at school and home. We should
ideally analyse both settings to have a reliable measure of
children’s dietary intake, contrary to the current review, in
which fewer than 10 % of the studies analysed both settings.
Studies in only one of the food settings pose a limitation for
a more comprehensive and detailed understanding of the sam-
ple (so that it does not actually represent 24-hour intake)®”.
The setting may also be limited in terms of the variety of
foods offered, while parents’ control of their children’s diet
influences the children’s food choices®? in different food
contexts.

The search identified only one technology developed for a
Latin American population group, called Web-CAAFE, a soft-
ware for qualitative assessment of Brazilian children’s dietary
intake™”. Furthermore, only one technology was found for
children’s food intake in Africa: Zambia Tablet-based 24 h
Recall Tool. These findings may be explained by the shortage
of funding for the development of this kind of tool in low- and
middle-income countries””,

Since the use of a technology developed for a different
population is limited by language and the cultural eating
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0-00—

Results: kappa agreement: kappa

7-15; both sexes;

Paired t tests; kappa

78

FR

No brand name

0-29. Conclusion: More studies are
necessary to determine whether the

England

agreement

(United Kingdom)

questionnaire can be modified to improve
the precision in the way children report the

items that they ate outside of school.
Results: There was a statistically significant

Erkilic et al.(1%9

7-8; both sexes; Turkey

Paired t tests

40

24HR

Digital photography

difference in the mean energy intake
according to the technology and the

reference method in both

(no brand name)

sexes.Conclusion: The digital method did
not show any advantage in terms of its

accuracy, but it did show greater ease of

adherence at lower ages.
Results: Spearman correlation coefficients: r

Norman

5-7; both sexes; Sweden

Spearman correlation

24HR

et al (19

0-60—-0-84Bland—-Altman:
underestimation in all the food groups

coefficient; Bland—Altman

analysis

analysed.Conclusion: The tested method
was considered acceptable and

accessible.

FR, Food Records; 24HR, 24-hour dietary recall; App, Application; USA, United States of America; FFQ, Food Frequency Questionnaire; ANOVA, Analysis of Variance; MANOVA, Multivariate Analysis of Variance.

specificities, the current review highlights the need for funding
to develop tools to assist data collection on children’s dietary
intake, thus fomenting studies in food, nutrition and nutri-
tional epidemiology, which also emphasises the need to inves-
tigate the usability of these technological tools in specific
population groups, such as economically underprivileged
children and their parents or those with low schooling””.
The current scoping review has some limitations regarding
accessing specific studies that still need to be retrieved despite
attempts to contact the authors. Another issue was the data
extraction stage. We observed a need for more information on
some characteristics of the respective technological tools
obtained in some situations through cross-references. On the
other hand, the scoping review was designed and conducted

6 .
) to min-

according to the Joanna Briggs Institute Reviewer Manual"
imise potential biases. We also opted for a high-sensitivity search

strategy, allowing an expanded search for relevant articles.

Conclusions

We believe that the current review provided relevant and suf-
ficient information on the existing technologies for assessing
children’s food intake, allowing us to summarise helpful infor-
mation for studies that are intended to use the existing tools
and those intended to develop or validate tools with several
innovations and targeted to places with a shortage of such
technologies.

Supplementary material

To view supplementary material for this article, please visit
https://dol.otg/10.1017/jns.2023.27.
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