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Abstract
Background: Measuring dietary intake in children and adolescents can be challenging due to misreporting,
difficulties in establishing portion size and reliance on recording dietary data via proxy reporters. The aim of this
review was to present results from a recent systematic review of reviews reporting and comparing validated dietary
assessment tools used in younger populations in the UK.
Methods: Validation data for dietary assessment tools used in younger populations (≤18 years) were extracted and
summarised using results from a systematic review of reviews of validated dietary assessment tools. Mean differences
and Bland-Altman limits of agreement (LOA) between the test and reference tool were extracted or calculated and
compared for energy, macronutrients and micronutrients.
Results: Seventeen studies which reported validation of 14 dietary assessment tools (DATs) were identified with
relevant nutrition information. The most commonly validated nutrients were energy, carbohydrate, protein, fat, calcium,
iron, folate and vitamin C. There were no validated DATs reporting assessment of zinc, iodine or selenium intake. The
most frequently used reference method was the weighed food diary, followed by doubly labelled water and 24 h
recall. Summary plots were created to facilitate comparison between tools. On average, the test tools reported higher
mean intakes than the reference methods with some studies consistently reporting wide LOA. Out of the 14 DATs,
absolute values for LOA and mean difference were obtained for 11 DATs for EI. From the 24 validation results assessing
EI, 16 (67%) reported higher mean intakes than the reference. Of the seven (29%) validation studies using doubly
labelled water (DLW) as the reference, results for the test DATs were not substantially better or worse than those using
other reference measures. Further information on the studies from this review is available on the www.nutritools.org
website.
Conclusions: Validated dietary assessment tools for use with children and adolescents in the UK have been identified
and compared. Whilst tools are generally validated for macronutrient intakes, micronutrients are poorly evaluated.
Validation studies that include estimates of zinc, selenium, dietary fibre, sugars and sodium are needed.
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Background
According to the Health Survey for England, 30% of UK
children aged 2–15 are classified as overweight or obese
[1]. Underweight also occurs, particularly in children
from lower socio-economic backgrounds at around 5%
[2]. In addition, the National Diet and Nutrition Survey
(NDNS, 2016) identified low intakes of some micronutrients, particularly iron, selenium, calcium and zinc, and
high intakes of non-milk extrinsic sugars amongst children and adolescents in the UK [3].
Accurate measurement of dietary intake in children
and adolescents is important to capture dietary patterns,
eating behaviours and to monitor diet quality. No consensus exists regarding the best methodology for collecting dietary / food intake data from younger populations
since dietary assessment tools (DATs) often consist of
modified tools previously developed for adults [4].
Although children aged 6–11 years tend to be more enthusiastic and willing compared to adolescents when
reporting food intakes [5], children younger than 8 years
old can face further challenges related to their reading
and cognitive skills, particularly when DATs require
more advanced cognitive skills or the reporting period is
longer than a few days [6]. Therefore parental/adult assistance is required to obtain dietary information on
meal frequency, portion sizes and energy intake for
younger children [4, 6].
Food habits become less structured as children get
older and more independent; as adolescents they are
more selective around their food choices and consumption of meals outside the home increases [7].
Exposure to an ‘obesogenic environment’ is associated
with an increase in overweight and obesity amongst
adolescents in the UK [7, 8]. The increasing use of
new technologies such as mobile food records and
wearable devices, where sensors detect physical eating
patterns, has helped to address some limitations in
traditional dietary methodologies [9, 10]. These
methods are likely to be more appealing than paper
based records to younger generations [11].
Valid and reliable dietary assessment methods are crucial to track changes in children’s and adolescent’s diets,
and to estimate the nutritional adequacy of nutrient intake. Ideally a DAT should be validated in a representative sample of the population in which it will be used
[12]. Previous reviews have addressed the validity of
DATs in school-aged or pre-school children and discussed the challenges that still remain to improve the
quality of dietary information obtained from children
and adolescents [4, 5, 13, 14]. Most reviews have focussed on specific aspects of diet, such as fruits and vegetables or energy [15, 16]; or have only included tools
used in specific types of study, for example intervention
studies [6]. None of the existing reviews provided results
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in a format allowing comparison between tools based on
limits of agreement between the test and reference tool.
A systematic review of reviews [17], including details
of tools validated on infants, children and adolescents
has been undertaken by the DIETary Assessment
Tool NETwork (Diet@NET) partnership project and
made available on the www.nutritools.org website to
enable researchers to compare and choose the DAT
most suitable for their research purpose [18].
In this paper, we quantify the extent of the validity of
a range of dietary assessment tools for children and
adolescents, and identify gaps in the tools available. Individual tools and nutrients generated from the validation
studies identified in our recent systematic review are
compared [17]. We focus on comparing the results of
nutrient validations of DATs used in children and
adolescents in the UK, where absolute intakes have been
evaluated.

Methods
A detailed description of the methods has been published elsewhere [17], but briefly consisted of a systematic review of reviews of validated DATs. A search
strategy was undertaken in 11 online databases to identify validated DATs in UK populations. Reviews that had
conducted validation analysis of DATs using nutrient
biomarkers or self-reported methods to measure energy,
macro or micronutrient intake were retrieved and later
screened by title and abstract to evaluate their eligibility
for inclusion.
The inclusion and exclusion criteria applied for both
the reviews and the identified DATs are in Table 1 and
also published elsewhere [17]. All reviews meeting the
inclusion criteria were independently assessed by two reviewers; papers in the relevant reviews which reported
tools used in a child or adolescent population (≤18 years)
and had validation results on this population are reported in more detail here. Papers reporting on the individual tools and validations were then obtained. Data
extracted from these were the administration method of
the DAT (person reporting: self, by proxy, interviewer),
nutrient database, timeframe covered by the tool, its
comparator (reference method), the nutrients validated,
age range, demographics, sample size, gender, statistical
methods used and findings.
Statistical analysis

Results of studies validating energy and/or nutrients that
reported the mean difference (MD) and the BlandAltman limits of agreement LOA, or had sufficient information to calculate them, were included in the data analysis and associated figures. For each validation study,
mean differences in estimated nutrient intake and the
upper and lower Bland Altman LOA between the tested
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Table 1 Inclusion and exclusion criteria applied to the reviews and DATs
Reviews
Inclusion criteria

DATs
Exclusion criteria

Inclusion criteria

Exclusion criteria

• Reviews that validated a DAT against a biomarker • Reviews that exclusively evaluated • Tools measured in a • DATs measuring eating disorders,
or another self-reported tool against energy,
tools assessing inadequacy of
UK population
food preferences, feeding
macro or micro nutrients or food groups
diets in terms of malnutrition
• Be able to measure
practices or inadequacy of diets
• Reviews published since 1st January 2000
• Commentaries, editorials or other
dietary intake
• Lifestyle based tools (e.g. diet
opinion articles
• Validation results can plus physical activity)
be entered on the
• DATS measuring the purchasing
nutritools website
of foods / drinks
• Tools that assessed specific
dietary interventions (e.g. Atkins,
Mediterranean diet)
• Non-UK tools

DAT and reference method were extracted (mean tool –
mean reference method) or calculated from means and
standard deviations (SD) of the mean difference if provided (LOAs = mean diference ±1.96 SD (or 2 SDs in
some cases)). LOAs were also estimated for studies that
did not report the SD of the mean difference, but reported the mean estimated intake for the tool and reference method and SD of the means. The mean difference
provides useful information on the direction and level of
bias [6] between the DAT and reference method, whilst
the LOA provides information about how precise estimates are by indicating how well the two methods agree
for an individual. These results are presented in summary plots produced using Stata version 14.1. Validation
results reporting different genders and age groups are
displayed individually.
The arrows on the plots represent the upper and lower
LOA, with the central dot of each line representing the
mean difference (MD) between the two methods (The
DAT name and author are displayed on the left and the
reference method type, validation author, lifestage and
sample size of the validation population is displayed on
the right for each validation result). The circles around
the mean represent studies that have a sample size of
≥50, with larger circles representing larger sample sizes.
Mean values to the left of the zero on the x-axis represent lower mean intakes and those on the right of the
zero represent higher mean intakes reported by the test
DAT compared to the reference. Wider LOA arrows
represent more variation of the MD between the DAT
and reference method within the sample; therefore narrower LOA indicate better relative validity. So wider
LOA indicate a noisier tool, with greater opportunity for
disagreement for an individual. The best way to use the
plot is to define a priori the limits of maximum acceptable differences i.e. the limits of agreement expected.

Results
The number of reviews and individual papers identified
from the on-line database search from the systematic review of reviews [17] is shown in Fig. 1 and the search

algorithm can be found in appendix 1. Further additional
records were identified through reference tracking and
internet searches. After removing duplicates and screening the title and abstract 136 articles remained. Screening of these 136 articles resulted in 68 reviews including
2972 articles. Of these, 169 articles included a UK based
DAT. Following exclusion of articles not fitting our
crtieria (Table 1), 66 articles remained containing 63
validated DATs of which 19 were DATs that separately
reported results for infant, children and adolescent populations [17]. 14 DATs assessed energy, macro and/or
micronutrient intake in infants, children and adolescents
and the LOA validations of these from 14 publications
are reported in this paper (Table 2 and detailed in
Table 3). Five DATs that focussed solely on food group
intake in this population were excluded from this paper
[36–40]. The remaining DATs exclusively analysed dietary intake in adult and elderly populations and the validation of these are reported elsewhere.
Characteristics of the reviews

The age range for infant, children and adolescent populations covered by the reviews varied with some focussing on a specific age group such as ≤5 years [41], ≤ 7
years [42], 3–9 years [43], or ≤ 11 years [44], or adolescents [45, 46], with some including specific variables
such as pregnant teenagers [47], or children with cerebral palsy [48]. Reviews that focussed exclusively on food
groups were not included in this review.
Characteristics of the DATs

The characteristics of the 14 DATs which assessed energy, macro- and/or micronutrients are displayed in
Table 3. Three of the tools (21%) were a modified version of a tool previously developed for children [26, 42]
or adults [29]. The most frequently used tool was the
24-h recall (n = 4, 29%) followed by the food frequency
questionnaire (FFQ) (n = 3, 21%), food checklist (n = 2,
14%), weighed food diary (n = 2, 14%), with the semiweighed food diary, estimated food diary and diet history
having one tool each for inclusion. All studies assessed
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Fig. 1 PRISMA flow chart showing number of articles included at each phase and number of dietary assessment tools (DATS) found

energy intake (EI) with 10 (71%) assessing protein, 10
(71%) fat, 10 (71%) carbohydrate and 10 (71%) of the
DATs validating at least three macronutrients. The most
common micronutrient assessed was calcium (n = 8,
57%) followed by iron and vitamin C (both n = 7, 50%)
with three (21%) reporting folate intakes. There were no
validated DATs reporting assessment of zinc, iodine or
selenium intake in either children or adolescents. Out of
the 14 DATs, three (21%) also included food groups in
their analysis.
A range of validated DATs had been used across different age ranges. For example, in infants ≤3 years three
studies used food diaries [19, 21, 22], one a 24-h recall

[26], and two FFQ’s were used that covered different age
ranges [30]. In children 3–11 years, tools used were food
diaries [19, 20, 22], dietary recall [22, 26], food checklists
[22, 33] and diet history [20]. For adolescents aged 12–18
years, methods used were again food diaries [20, 22], 24-h
recalls [22, 24, 25], FFQ [29], food checklist [22] and diet
history [20]. The majority of studies validated one DAT in
their analysis, with one study that used three different
DATs [22] and another study that used two different
DATS [20].
All DATs included in this review specified which food
database they used with McCance and Widdowsons
‘The Composition of Foods’ (MCW) food tables or a
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Table 2 summary of the number of dietary assessment tools,
validation study publications and validation studies from the
systematic review of reviews
Number of
Number of
Number of
dietary assessment validation study validation
tools (DATs)
publicationsa
studiesb
Total from systematic 63
review of reviews

66

89

Results for adults

49c, d

49

71

Results for infants,
children and
adolescents (IC&A)

19c, e

19

22

Total for IC&A
validating nutrients

14

14

17

Total for IC&A with
limits of agreement
(LOA) plotted

11

11f

14

a

More than one DAT may have been validated in a published validation study,
and some DATs may have more than one validation study publication
b
This takes into account more than one DAT validated in a publication i.e.
each DAT validation is counted as a validation study
c
5 tools were assessed on both adults and Infants, children or adolescents
d
5 tools assessed on adults focused on foods only
e
5 tools assessed on IC&A focused on foods only
f
data was extracted from these 11 publications to produce the energy
summary plot showing 24 validations by gender and age/lifestage

database based upon MCW being the main nutrient
database used by the DATs (n = 11, 79%).
Characteristics of the validation studies

Most of the validation studies had a sample size of ≤50.
Results for mean nutrient intakes for the test DATs were
generally greater than the reference method for all nutrients, indicating a reporting of higher mean intakes by
the test DAT compared to the reference. A total of 17
validation studies (ie. more than one DAT could be validated in a publication) from 14 papers were identified
for the 14 DATs which included LOA or information to
calculate them (LOAs of the three DATs developed by
Holmes et al. were calculated from reported information
[22]) (Table 2). Two validation studies that reported the
LOA as a ratio [11] or as a percentage [33] instead of absolute values could not be included in the summary
plots or table of validation results. In total three comparator (reference) methods were used for validation
with five (31%) being doubly labelled water (DLW), two
(13%) dietary recalls and nine (56%) food diaries. One
study used two different validation methods which were
DLW and weighed food diary [21].
The statistical methods used to assess the difference
between the test DATs and the reference methods for
nutrients and energy varied, with one validation study
(6%) using five methods [26], (mean difference [MD],
cross classification, LOA, correlation coefficient and
weighted Cohens kappa) and one study (6%) using four
methods [30]. On average 2.4 statistical methods were
used by the validation studies in this review. Figures 2 to

9 show the summary plots of the nutrient intakes between the test DAT and reference method with a table
in appendix 2 providing the actual numerical values for
the mean difference (MD) and LOA between the test
DAT and reference.
Participants in the validation studies were recruited
from a range of institutions such as playgroups [20],
schools [11, 34], GP Practices [21], personal addresses
[19, 22], newspaper articles [26], existing studies [30, 33]
and email / posters [24]. Studies were conducted in different areas across England, and one study took place in
Belfast [20]. No studies were carried out in Wales or
Scotland.
Energy and macronutrients

Out of the 14 DATs, absolute values for LOA and mean
difference had been obtained for 11 DATs for EI which
were compared in summary plots. Figures 2, 3, 4 and 5
show the summary plot results for energy and three
macronutrients (carbohydrates, protein and total fat).
From the 24 validation results reported by gender and
age group assessing EI, 16 (67%) reported higher mean
intakes than the reference. Of the seven (29%) validation
studies using doubly labelled water (DLW) as the reference, results for the test DATs were not substantially
better or worse than those using other reference measures. The limits of agreement tended to be wide, at
around half of the daily requirements for macronutrients, with even wider limits in relation to requirements
for micronutrients. There were no clear differences
between mean difference and LOA for studies evaluating
tools for children or adolescents, although there was a
tendency for the LOA to be narrower for studies of
children than for adolescents. Davies et al. weighed food
diary [19] validation on infants and children (aged
1.5–4.5 years old) and the Lanigan et al. estimated food
diary [21] validated on infants (aged 6–24 months) had a
low mean difference and relatively narrow LOA (MD 33
kcal, LOA − 229 to 364 kcal and MD 57 kcal, LOA − 331
to 445 kcal respectively); whilst the results of Livingstone
et al. weighed food diary [20] (across 7–18 year age range)
showed a poorer agreement (MD -351 kcal, LOA − 1747
to 1045 kcal). The narrowest LOA for energy for adolescents was reported in the myfood24 validation (MD -55
kcal, LOA − 797 to 687 kcal); however this online recall
tool was compared to a similar self-reported method, a
paper 24 h recall.
Seven DATs had validation results for CHO, protein
and fat intake. From the 17 validation results reported
for these, most showed higher intakes with the test DAT
than the reference, with the majority (n = 16, 94%) using
the weighed food diary as the reference method. The
Holmes et al. semi-weighed food diary tended to underreport intake compared to the weighed diary [22]. For

By adult proxy

Foster [25]
(INTAKE24)
(2013)

b

(myfood24)
(2015)

Carter [23]

Dietary recall

Holmes [22]
(2008)

Self

Self; Interview

Self (12+ yr)
By adult proxy
(< 5 yr), adult
proxy / child
combined
(6-11 yr)
Interview

Semi-weighed food diary

Lanigan [21]
(2001)

Estimated food diary

MCW

MCW7

MCW5

COMP-EAT v.5

Bradley [ [11]
(2016)

Albar [24] (2016)

Holmes [22]
(2008)

Lanigan [21]
(2001)

Self (12–18 yr)); MCW4 inc.
Livingstone [20]
By adult proxy supplementary (1992)
(7 + yr)
food
composition
data

Livingstone [20]
(1992)

MCW4

By adult proxy

Davies [19]
(1994)

Weighed food diary

All assessed

E, PRO, FAT,
CHO, NSP,
SUG,

a

E, PRO, FAT,
CHO, DF

E, PRO, FAT,
CHO

E

Davies [19] (1994) E

0

Y

N

N

N

N

Vit C, calcium, Y
iron

Sodium

RET, Vit B1,
B9, C, Ca, Fe

0

0

Validation Studies
Macronutrients Micronutrients Food
validated
validated
groups
included
(Y/N)

First author
and year

First author
and year

Administration Nutrient
method
database

Test Dietary Assessment Tool

Adolescents

Adolescents
75 (37/38)

Children
(2–10) &
adolescents
(11-17 yr)
124 (70/52)

Infants
(6–24
months)
DLW – 21
Weighed
Food Diary
– 72

Children &
Adolescents
(7–18 yr)
58 (29/29)

Children &
Infants
(1.5–4.5 yr)
81 (42/39)

Life stage,
age range
Cohort
(M/F)

4d (Results reported
data on participants
completing any
number of days)

2d (nonconsecutive)

4d

5d

7d consecutive

4d consecutive

Test DAT

Time span

Table 3 General characteristics of UK dietary assessment tools and their validation studies in children and adolescents

Mean Difference; LOAc

4d recall (Results
reported data on
participants
completing any
number of days)

Mean ratios; LOA
(ratio)b

2d (non-consecutive Mean Difference; CC
24-h recall)
(ICC); Cross Classification
LOA; Weighted Cohen’s
kappa

4d (weighed
food diary)

Mean Difference LOA

Mean Difference LOA

10 – 14d (DLW)

7d (DLW) & 5d
(Food Diary)

Mean Difference
(relative bias); CC
(NR); LOA

Statistical Method
Used

10d (DLW)

Reference method
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Cade [34]
(CADET)
(2006)

Food checklist

b
Robinson [31]
(2007)

b
Robinson [31]
(2007)

McKeown
[29] (EPIC
FFQ)
(2001)

MCW5

MCW5

MCW

Combination
DANTE
of Self and
adult proxy
(parent, school
dinner
supervisor)

By adult proxy

By adult proxy

Self

Food frequency questionnaire

Food Intake
Analysis

E

Johnson [26]
(1996)

Christian [35]
(2015)

Cade [34]
(2006)

Marriot [33]
(2009)

Marriot [32]
(2008)

All assessed

E, PRO, CHO,
FAT,SUG, DF

a

E, PRO, FAT,
CHO, SUG

E, PRO, FAT,
CHO, SUG

E, PRO, FAT,
CHO,

E

Montgomery [28]
(2005)

Lietz [30]
(2002)

E

Reilly [27] (2001)

Na, Ca, Vit C

Ca, Fe, B9, K,
Vit C

All assessed

a

All assessed

a

Ca, K, Na

0

0

0

Y

Y

N

N

N

N

N

N

N

Interview

RET, Vit B1,
B9, C, Ca, Fe

Johnson [26]
(1996)

E, PRO, FAT,
CHO, DF

Self (12+ yr) By MCW5
adult proxy
(< 5 yr), adult
proxy / child
combined
(6-11 yr)
Interview

Holmes [22]
(2008)
Holmes [22]
(2008)

Validation Studies
Macronutrients Micronutrients Food
validated
validated
groups
included
(Y/N)

Administration Nutrient
method
database

First author
and year

First author
and year

Test Dietary Assessment Tool

Children
(8–11 yr)
67 (33/34)

Children
(3–7 yr)
180 (100/80)

Infants
(12 months)
50 (27/23)

Infants
(6 months)
50 (25/25)

Adolescents
(11.8–13.2 yr)
50 (32/18)

Children
(4–7 yr)
(12/12)

Children
(4.5–7 yr)
63 (32/31)

Children
(3–4 yr)
41 (23/18)

Children
(2–10_&
adolescents
(11-17 yr)
124 (70/52

Life stage,
age range
Cohort
(M/F)

1d

1d

1d

1d

1d

3d (MPR)

3d (Inc. 1
weekend d)

3d (MPR)

4d

Test DAT

Time span

Table 3 General characteristics of UK dietary assessment tools and their validation studies in children and adolescents (Continued)

1d (weighed
food diary)

1d (weighed
food diary)

4d (weighed food
diaries)

4d (weighed food
diaries)

7d (Food diary)

14d (DLW)

2d (DLW)

7d (DLW)

4d (weighed food
diary)

Reference method

Mean Difference; CC (P)
LOA

Mean Difference; CC (S);
LOA

Mean Difference (%);
CC (S); LOAb

Mean Difference (%);
CC(S); LOAb

Mean Difference; CC (S);
Cross Classification; LOA

Mean Difference; LOA

Mean Difference (bias);
LOA

Mean Difference; LOA

Mean Difference; LOAc

Statistical Method
Used
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Self (12–18 yr)); MCW4
By adult proxy
(7 + yr)

Livingstone [20]
(1992)

E

0

RET, Vit B1,
B9, C, Ca, Fe

N

N

Children &
Adolescents
(3–18 yr)
78 (41/37)

Children
(2–10) &
adolescents
(11-17 yr)
124 (70/52)

Life stage,
age range
Cohort
(M/F)

1d

4d

Test DAT

Time span

10-14d (DLW)

4d (weighed
food diary)

Reference method

Mean Difference; LOA

Mean Difference; LOAb

Statistical Method
Used

a
All assessed = Macronutrients: E (Energy), PRO (Protein), UR (Urinary Nutrogen), CHO, (Carbohydrate) FAT, DF (Dietary Fibre / NSP),; MUFA (Monounsaturated Fatty Acids), PUFA (Polyunsaturated Fatty Acids), SFA
(Saturated Fatty Acids), SUG (Sugar). Ca Calcium, Na Sodium, Fe Iron, K Potassium, RET Retinol
b
Results expressed as a ratio or percentage so not shown on the summary plots
c
LOA calculated from information reported
MCW = McCance & Widdowson; DLW (Doubly Labelled Water); CC (Correlation coefficient), S (Spearman), P (Pearson); ICC(Intra-class correlation coefficient); LOA (Limits of Agreement)

Livingstone [20]
(1992)

Diet history

E, PRO, FAT,
CHO, DF

Self (12+ yr) By MCW5
adult proxy
(< 5 yr), adult
proxy / child
combined
(6-11 yr)
Interview

Holmes [22]
(2008)
Holmes [22]
(2008)

Validation Studies
Macronutrients Micronutrients Food
validated
validated
groups
included
(Y/N)

Administration Nutrient
method
database

First author
and year

First author
and year

Test Dietary Assessment Tool

Table 3 General characteristics of UK dietary assessment tools and their validation studies in children and adolescents (Continued)
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Fig. 2 Summary plot for studies validating energy intake between tool and reference method in infants, children and adolescents. m = males; f =
females; m + f = males & females. Relative sample size circle produced where n > 50. 1 = food diary weighed, 2 = food diary semi-weighed, 3 =
food diary estimated, 4 = dietary recall, 5 = diet history, 6 = FFQ, 7 = food check list

these macronutrients, the narrowest difference in the
means and LOA was found in the Lanigan et al. estimated food diary validations on 6–24 month olds [21],
MD 3 g, LOA − 51 to 58 g (CHO) MD 1 g, LOA − 16 to
17 g (protein) and MD 1, LOA − 18 to 20 g (fat). The
McKeown et al. FFQ [29] validated on young adolescents
(11–13 years old) represented the greatest mean difference and one of the widest LOAs, MD 574 kcal, LOA −
956 to 1912 (EI), MD 69, LOA − 167 to 305 (CHO), MD
31, LOA − 27 to 89 (protein) and MD 22, LOA − 49 to
92 (fat) [30]. The Christian et al. validation of the

CADET tool [35] on children aged 8–11 years also had
wide LOA (MD = 228, LOA − 1497 to 1881 (EI), MD =
27, LOA − 238 to 292 (CHO), MD = 5, LOA − 66 to 79
(protein) and MD = 17, LOA − 63 to 99 (fat). However,
the earlier validation of CADET [34] on younger children, 3–7 year olds, which had the largest sample size
(180) of all the validations, had similar MD but much
narrower LOA (MD = 237, LOA − 665 to 1139 (EI),
MD = 40, LOA − 102 to 182 (CHO), MD = 8, LOA − 24
to 40 (protein) and MD = 6, LOA − 35 to 48 (fat). Summary plots for dietary fibre and total sugars are not

Fig. 3 Summary plot for studies validating carbohydrate intake between tool and reference method in infants, children and adolescents. m =
males; f = females; m + f = males & females. Relative sample size circle produced where n > 50. 1 = food diary weighed, 2 = food diary semiweighed, 3 = food diary estimated, 4 = dietary recall, 5 = diet history, 6 = FFQ, 7 = food check list
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Fig. 4 Summary plot for studies validating protein intake between tool and reference method in infants, children and adolescents. m = males; f =
females; m + f = males & females. Relative sample size circle produced where n > 50. 1 = food diary weighed, 2 = food diary semi-weighed, 3 =
food diary estimated, 4 = dietary recall, 5 = diet history, 6 = FFQ, 7 = food check list

reported here because of very limited results for these
nutrients (see Table 3).
In general, DATs that tested a semi-weighed or estimated food diary to validate against another weighed
food diary displayed the lowest difference in the means,
compared with other tools. Also, DATs using infants
and children for validations showed closer results between the DAT and reference compared to validations
using adolescents.
Micronutrients

Figures 6, 7, 8 and 9 display the summary plots for four
micronutrients (calcium, iron, folate and vitamin C).
Only four tools were validated on all four

micronutrients: three tools reported by Holmes et al.
[22], plus CADET reported by Cade et al. [34], and only
CADET had a sample size over 50. All validation studies
for micronutrients used the weighed food diary as the
reference method. LOAs tended to be wider for males,
especially adolescent males. Most of the 15 validation results reported by gender and age group for calcium intake, and the 13 validation results assessing iron, folate
and vitamin C, reported higher mean intakes in the test
DAT than the reference method (number of studies with
DAT higher than reference for calcium =14 (93%),
iron = 10, (77%), folate = 9, (69%), vitamin C = 11, (85%)).
Of the three tools reported by Holmes et al. [22], the
Food Check List had the greatest mean differences and/

Fig. 5 Summary plot for studies validating fat intake between tool and reference method in infants, children and adolescents. m = males; f =
females; m + f = males & females. Relative sample size circle produced where n > 50. 1 = food diary weighed, 2 = food diary semi-weighed, 3 =
food diary estimated, 4 = dietary recall, 5 = diet history, 6 = FFQ, 7 = food check list
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Fig. 6 Summary plot for studies validating calcium intake between tool and reference method in infants, children and adolescents. m = males;
f = females; m + f = males & females. Relative sample size circle produced where n > 50. 1 = food diary weighed, 2 = food diary semi-weighed, 3 =
food diary estimated, 4 = dietary recall, 5 = diet history, 6 = FFQ, 7 = food check list

or the widest LOAs for children aged 2–10 for folate
and vitamin C. Holmes et al. semi-weighed tool tended
to yield lower intakes [22]. Otherwise there was no clear
best overall method. Results for sodium were limited so
a summary plot was not generated for analysis.

Discussion
The systematic review of reviews [17] identified 14
DATs validated on UK infants, children and adolescents
which assessed energy, macro and/or micronutrient intake. This was considerably fewer than the number of
DATs validated on adults (n = 44) assessing nutrients,
partly due to a smaller number of DATs being available for children and adolescents to use. Not all
macro- and micronutrients were validated for these
14 DATs. No validations for the nutrients zinc, iodine

or selenium intakes were reported. These nutrients
have been identified as insufficient in some UK children and adolescent populations [49] and low intakes
are associated with negative health outcomes [50–52].
It is therefore important to obtain reliable intakes of
these nutrients. Also only a small number of validation results were reported for total sugar (n = 3),
dietary fibre (n = 5) and sodium (n = 5); reliable assessment of sugar intakes is important because reduction of sugar intake is a priority with current intakes
exceeding recommendations in the UK [49].
This report focuses on comparing Bland-Altman limits
of agreement (LOA) generated from studies validating
DATs in children and adolescents. This approach measures agreement and systematic bias between a tool and
comparator [53], unlike the commonly used correlation

Fig. 7 Summary plot for studies validating iron intake between tool and reference method in infants, children and adolescents. m = males; f =
females; m + f = males & females. Relative sample size circle produced where n > 50. 1 = food diary weighed, 2 = food diary semi-weighed, 3 =
food diary estimated, 4 = dietary recall, 5 = diet history, 6 = FFQ, 7 = food check list
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Fig. 8 Summary plot for studies validating folate intake between tool and reference method in infants, children and adolescents. m = males; f =
females; m + f = males & females. Relative sample size circle produced where n > 50. 1 = food diary weighed, 2 = food diary semi-weighed, 3 =
food diary estimated, 4 = dietary recall, 5 = diet history, 6 = FFQ, 7 = food check list

coefficient. The majority of these validated DATs
showed similar, though slightly higher, mean intakes
compared to the reference method. Estimated intakes
also differed depending on the tool type and reference
method used as demonstrated by the wide range of
LOA. Additionally, the width of the LOA between two
dietary assessment methods may be affected by sample
sizes, with validation sample sizes of ≥50 enabling
greater accuracy when estimating particular nutrients
[54]. The smallest bias (MD) and narrowest LOA for
macronutrients assessed were found in studies with
some of the largest samples sizes (e.g. Lanigan et al. [21]
and Davies et al. [19] with sample sizes of 72 and 81 respectively). Furthermore, these studies were on infants
and young children (up to age 4.5 years old), where dietary intake was completed by adult carers which may

increase accuracy. A wide LOA was found for the Livingstone weighed food diary validated against the DLW
(n = 58, 38). This may be due to the the wide age range
(7–18 years old) with older children more involved in recording intake, and/or because data for this study was
obtained via different sources such as parents, child
minders and school lunch supervisory staff some of
whom may not have been trained adequately in completing the DAT [20]. Shared responsibility for reporting
food intake between different adult carers can compromise accuracy [6]. In addition, variability in adolescent self-reported dietary intake has been shown to be
much higher than for younger children or adults [13].
The majority of DATs used a self-reported reference
method and therefore reported only relative validity; this
has limitations since the same type of errors can occur

Fig. 9 Summary plot for studies validating vitamin C intake between tool and reference method in infants, children and adolescents. m = males;
f = females; m + f = males & females. Relative sample size circle produced where n > 50.1 = food diary weighed, 2 = food diary semi-weighed, 3 =
food diary estimated, 4 = dietary recall, 5 = diet history, 6 = FFQ, 7 = food check list
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in both the tool being validated and the reference and
therefore they are not strictly independent of each other
[54]. This will result in little relative bias, because they
both suffer from the same bias of self-report. This would
explain why DATs that tested a semi-weighed or estimated food diary against another weighed food diary
had the lowest difference in the means, compared with
other tools. Although biomarkers such as urinary nitrogen or the DLW method are objective measures, without
correlated sources of error, they are challenging to use
with young children and are expensive. DLW measures
total energy expenditure (TEE) using respiratory eqs
[20]. and is considered the ‘gold standard’ for measuring
free living TEE but relies on a consistent CO2 production [55]. Also, dietary intake and DLW TEE are not
always assessed over similar time frames [6], which may
be problematic for validating long-term dietary measures.
Adolescent females in particular may be more likely to
under-report their energy intake due to issues with body
weight and image [5]; therefore it is important to report
validation studies by gender. However, some validation
results in this review did not sub-divide results for males
and females; none of the validation studies using DLW
reported them separately. The majority of DATs that
assessed EI amongst adolescents using other reference
methods did subdivide males and females, but there
were no singificant differences in the mean intake between the DAT and reference methods between males
and females. However LOAs for males were usually
wider.
Food diaries were used both as a test DAT and a reference method, with estimated or semi-weighed methods
sometimes being used for the test DAT and weighed
food diaries often used as the reference method.
Weighed food diaries, in particular, can be more rigorous in assessing the accuracy of dietary intake in children and adolescents than other self/proxy-reported
methods because it attempts to assess current rather
than past dietary intakes and parents are able to weigh
foods and subsequently establish more accurate portion
sizes. However, limitations can still occur with this
method due to social desirability bias from parentcompleters and older self-completers, as well as the
burden of self-reporting, particularly amongst those with
low literacy levels [5]. Estimated food diaries using
standard household units of measurement (e.g. cups,
spoons) and / or photographs or food models can reduce
some of this burden but can have increased risk of misreporting [56].
Four of the validated DATs were recalls which are beneficial for evaluating dietary intake in children and adolescents because they do not require good literacy skills if
administered by interviewer, have a low respondent burden [5] and are straightforward to administer [22].
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However, this method has particular limitations such as
recall bias and over-reporting [6] as well as underreporting [27] for particular healthy or less healthy food
types respectively. Although adults normally help to obtain dietary intake for children ≤8 years [4, 6], misreporting can occur if they are not fully aware of food consumed
or are unable to quantify portion sizes [4, 6]. Some of
these issues can be reduced when a combination of words
and pictures to are used to report dietary intake [24, 35] .
Three validated DATs were FFQs; this type of tool generally has low cost and low participant burden [16, 57].
Despite these advantages FFQs do not allow recording of
individual ingredients of meals, affecting accuracy of assessment [29]. Also, overestimation and misreporting is a
common feature with an FFQ [6]. The UK EPIC FFQ tool
validated on adolescents showed the greatest overestimation of EI, macronutrient and calcium intake between
the DAT and reference method which was a weighed food
diary [30]. Overestimation of nutrient intakes may be
more likely for tools if they use adult portion sizes [4], a
feature of the McKeown FFQ tool. Furthermore, recognition that adolescents are less motivated and cooperative
with recording dietary intake may be a limitation that can
lead to inconsistencies in results [5].
One diet history tool was validated [20], which may have
a lower probability of misreporting than some other
methods [6]. Two validated DATs were food checklists;
this may be effective in younger populations due to their
ease of use when recording dietary intake [22]. However,
many checklists do not account for quantity or portion
size making nutrient analysis difficult. The development
of alternative tools such as the CADET [34] which includes mean children’s portion sizes from the National
Diet and Nutrition Survey, supports more robust nutrient
analysis.
The application of technology for dietary assessment
methods may be more appealing for children and adolescents because they are confident with tablet and
smartphone use which can therefore increase compliance. Additionally, such tools may assist children and
adolescents with lower cognitive and literacy skills to report their food intake. However, challenges remain relating to following procedures associated with these DATs,
food databases and portion size estimation [58]. In this
review, two DATs were identified which made use of
new technologies which were both on-line 24-h recalls.
These tools, which were INTAKE24 [25] and myfood24
[23, 24], both include instructions for ease of use as well
as features such as colour photographs to help with portion size estimation. The EI validation results of
myfood24 showed one of the smallest mean differences
and narrowest LOA; however this was validated using a
similar tool, a paper-based 24 h recall [24]. A more recent
publication has found that the myfood24 online 24-h
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recall is comparable to the more time-consuming and
costly interviewer-based 24-h recall across a range of biomarker measures [59]. A review of new technology-based
dietary assessment tools has identified limitations with
these approaches and provided guidance for reporting
studies [58].
The concerns surrounding the quality of reporting in
nutritional epidemiology and research can make recommending one DAT over another difficult. In recognition
of this, new guidelines have been developed by the
STROBE-nut consortium [60]. Information and data collected here has been put on the www.nutritools.org website allowing researchers to review and compare both
UK and international DATs, identify their strengths and
weaknesses and compare LOA validation results in summary plots, allowing researchers to select the most appropriate tools for their research question. Functions
will allow creation of web-based tools using the food
questionnaire creator, ensuring easier data collection
and nutrient analysis, improving the options available
for researchers. The website also hosts the recently developed expert consensus Best Practice Guidelines
(BPGs), providing support to researchers when looking
to select a suitable DAT [18]. These can be accessed
through the www.nutritools.org website.
Study strengths and limitations

The inclusion and presentation of the MD and LOA in
summary plots provides easier comparisons between the
test DAT and validation method. LOA is preferable to
most other comparison methods aiming to assess population mean intakes, as it measures agreement as well as
systematic bias between a tool and comparator [53].
Whereas the use of the correlation coefficient, despite
being commonly used in dietary assessment, is limited,
showing strength and direction of the linear relationships between variables rather than agreement between
methods [61]. Ideally, a number of statistical approaches
should be used in dietary validation studies to provide
more insight into the validity of a particular DAT [61].
A limitation of our analyses is that the LOA were not
reported or could not be calculated for all validation
studies identified. Additionally, nutrient intakes were
evaluated at an absolute level, however ideally these
should be energy adjusted to partially correct for dietary
misreporting, and this should be encouraged for future
validations. The use of relative validity from self/proxyreported reference measures, as opposed to absolute validity using biomarkers, for the majority of the test DATs
may have resulted in measurement error; as a result of
both test and reference measures being self-reported
leading to closer agreements between the tools than if
independent biomarkers had been used. Results presented here are limited to the information provided in
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the validation study reports, and whilst we report type of
tool, reference method and lifestage there may be other
unreported biases present.
The comprehensive search strategy ensured the systematic review process was thorough. However, identification
of all DATs validated on children and adolescents in UK
populations could not be guaranteed. Despite the date restriction on the published reviews (≥ January2000) there
was no date restriction on the actual DAT included for
analysis raising the question of whether tools developed
over 25–30 years ago are still fit for purpose today. Not all
UK countries were represented by the studies in this review with the majority (n = 13) being in England.

Recommendations

From this review it appears that few dietary assessment
tools are fit for purpose, the LOA indicate poor relative
validity fior most DATs. We recommend use of more
objectively measured tools (reducing systematic components of measurement error), and tools designed for easy
repeat administration (reducing the random component
of measurement error). More DATs should be developed
and existing DATs updated to ensure validity for a wider
range of dietary constituents. Few studies presented data
on nutrient densities, which have been shown to be
slightly less prone to misreporting. Few studies consistently presented validation for ranking of individuals,
which can be useful in establishing risk factors for
disease, whilst public health recommendations require
target intakes rather than target ranks. However, the biggest weakness in the validation studies was lack of an
objective reference, such as recovery biomarkers. We
recommend that future validation studies include information on all these aspects to provide a more complete
picture of the appropriateness of their dietary assessment tool.
There is a potential to use new mobile and online
technologies, especially for adolescents, with tools
validated using independent biomarkers where available, to assess nutrient intakes, this data is missing
for zinc, iodine, selenium and limited for sugar intake
in children and adolescents. Sugar intakes exceed
recommendations in the UK [3], and is associated
with poor nutritional status in children [32, 62, 63];
making it an area of current public concern which
has resulted in a UK soft drinks levy. Studies also
need to incorporate a range of more appropriate statistical methods, such as the Bland-Altman LOA, to
ensure reliability and comparability of results. The
issue of underreporting in adolescent females still requires further research, particularly with DLW as the
reference method, and validations for males and females should be reported separately.
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Conclusions
This review has identified validated DATs that assessed
energy, macro and micronutrients in children and adolescents in the UK. Summary plots have been created to
facilitate comparison between tools. Whilst most tools
were validated for macronutrient intakes, micronutrients
had inadequate evaluation. Some nutrients, such as zinc,
iodine and selenium did not have any validation studies
reported; whilst studies assessing sugar, fibre and sodium intakes were limited. Valid DATs are needed to
support monitoring of nutritional status in children
and adolescents.
Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s40795-019-0312-9.
Additional file 1. systematic review of reviews search algorithm. This is
an example of a search run in Ovid MEDLINE(R). The search was initially
conducted in May/June 2015, then updated in October 2016, and was
restricted to reviews published between January 2000 and October 2016.
(DOCX 12 kb)
Additional file 2. UK validation study results for dietary assessment
tools by nutrient in children/adolescents (0 to 18 years). This table
provides the numerical values from the published validation studies of
dietary assessment tools in children/adolescents which are included in
the summary plots. (DOCX 29 kb)

Abbreviations
DAT: Dietary assessment tool; Diet@NET: DIETary Assessment Tool NETwork;
DLW: Doubly labelled water; EI: Energy intake; FFQ: Food frequency
questionnaire; LOA: Limits of agreement; MCW: McCance and Widdowsons
‘The Composition of Foods’ food Tables; MD: Mean difference; SD: Standard
deviation; TEE: Total energy expenditure
Acknowledgments
The members of the DIET@NET consortium* are: Dr. Nisreen A. Alwan; Prof
Janet E. Cade; Paul Finglas; Prof Tim Key; Prof Barrie Margetts; Dr. Darren
Greenwood; Prof Andy Ness; Prof Sian Robinson; Dr. Toni Steer; Polly Page;
Prof Petra A. Wark. The members of the DIET@NET project team have
included: Prof Janet E. Cade; Dr. Marisol Warthon-Medina; Katherine Greathead; Bethany Knowles; Neil Hancock; Victoria Burley; Jozef Hooson, Dr. Jayne
Hutchinson, Dr. Elisa Vargas-Garcia, Linda A. Bush and Lauren E. Gibson.
The members of the Tool Selection Working Group were: Dr. Victoria J.
Burley; Dr. Darren C. Greenwood; Prof Sian Robinson; Mark Roe; Dr. Toni
Steer and Prof Petra A. Wark. The members of the Access Working Group
were: Prof Andy Ness; Polly Page; Paul Finglas and Prof Tim Key.
Authors’ contributions
LAB wrote the first draft of the manuscript. JZH and EVG processed the data,
JZH and NH managed the data. JYH produced the summary plots. All
authors: JZH, MWM, NH, KG, BK, JYH, EVG, LEG, LAB, BM, SR, AN, NAA, PAA,
MR, PF, TS, PP, LJ, KR, BA, DCG and JEC read and approved the final
manuscript. SR led the tool selection working group. AN led the access
working group. MWM was the DIET@NET project manager, succeeding KG.
JEC was the principal investigator and supervised the DIET@NET project.
Funding
This work was supported by the UK Medical Research Council [Grant number
MR/L02019X/1]. The funding body had no input into the design of the
study; collection, analysis and interpretation of data or in the manuscript
writing.

Page 15 of 17

Availability of data and materials
The data analysed during for this paper is shown in appendix 2, and this
information can also be found under each validation study on the Nutritools
website www.nutritools.org. This data has been extracted from each original
published article.
Ethics approval and consent to participate
Not applicable.
Consent for publication
Not applicable.
Competing interests
The University of Leeds has established a spin-out company, Dietary Assessment Ltd. for myfood24, a new online dietary assessment tool; Professor
Janet Cade is a director and shareholder of the company. Other authors declare no competing financial interests.
Author details
Nutritional Epidemiology Group, School of Food Science and Nutrition,
University of Leeds, LS2, 9JT, Leeds, UK. 2Quadram Institute Bioscience,
Norwich NR4 7UA, UK. 3EuroFIR AISBL, 40 Rue Washington, 1050 Brussels,
Belgium. 4School of Primary Care and Population Sciences, Faculty of
Medicine, University of Southampton, Southampton General Hospital,
Southampton SO16 6YD, UK. 5NIHR Newcastle Biomedical Research Centre,
Newcastle upon Tyne Hospitals NHS Foundation Trust and Newcastle
University, Newcastle upon Tyne, UK. 6National Institute of Health (NIHR)
Bristol Biomedical Research Centre, Nutrition Theme, University, Hospitals
Bristol NHS Foundation Trust and the University of Bristol, Bristol BS2 8AE,
UK. 7NIHR Southampton Biomedical Research Centre, University of
Southampton and University Hospital, Southampton NHS Foundation Trust,
Southampton, UK. 8Centre for Innovative Research Across the Life Course
(CIRAL), Faculty of Health and Life Sciences, Coventry University, Coventry
CV1 5FB, UK. 9Global eHealth Unit, Department of Primary Care and Public
Health, Imperial College London, London SW7 2AZ, UK. 10AGE Research
Group, Newcastle University, Newcastle, UK. 11MRC Elsie Widdowson
Laboratory, Cambridge CB1 9NL, UK. 12Centre for Exercise, Nutrition and
Health Sciences, School for Policy Studies, University of Bristol, Bristol BS8
1TH, UK. 13Public Health Section, School of Health and Related Research
(ScHARR), University of Sheffield, S10 2TN, Sheffield, UK. 14Public Health
England, London SE1 8UG, UK. 15Faculty of Medicine and Health, Division of
Biostatistics, University of Leeds, Leeds LS2 9JT, UK.
1

Received: 20 March 2019 Accepted: 30 September 2019

References
1. NatCen Social Research, UCL. Health Survey for England 2017: NHS
Digital; 2018.
2. Pearce A, Rougeaux E, Law C. Disadvantaged children at greater relative risk
of thinness (as well as obesity): a secondary data analysis of the England
National Child Measurement Programme and the UK millennium cohort
study. Int J Equity Health. 2015;14:61.
3. Bates B, Cox L, Nicholson S, Page P, Prentice A, Steer T, et al. National Diet
and Nutrition Survey Results from Years 5 and 6 (combined) of the Rolling
Programme (2012/2013–2013/2014). In: Public Health England, editor.
London: Food Standards Agency; 2016.
4. McPherson RS, Hoelscher DM, Alexander M, Scanlon KS, Serdula MK. Dietary
assessment methods among school-aged children: validity and reliability.
Prev Med. 2000;31(2):S11–33.
5. Collins CE, Watson J, Burrows T. Measuring dietary intake in children
and adolescents in the context of overweight and obesity. Int J Obes.
2009;34:1103.
6. Burrows T, Golley RK, Khambalia A, McNaughton SA, Magarey A, Rosenkranz
RR, et al. The quality of dietary intake methodology and reporting in child
and adolescent obesity intervention trials: a systematic review. Obes Rev.
2012;13(12):1125–38.
7. Fraser LK, Clarke GP, Cade JE, Edwards KL. Fast food and obesity a spatial
analysis in a large United Kingdom population of children aged 13–15. Am
J Prev Med. 2012;42(5):E77–85.

Bush et al. BMC Nutrition

8.

9.

10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

(2019) 5:53

Burgoine T, Forouhi NG, Griffin SJ, Wareham NJ, Monsivais P. Associations
between exposure to takeaway food outlets, takeaway food consumption,
and body weight in Cambridgeshire, UK: population based, cross sectional
study. Br Med J. 2014;348:g1464.
Harray AJ, Boushey CJ, Pollard CM, Delp EJ, Ahmad Z, Dhaliwal SS, et al. A
novel dietary assessment method to measure a healthy and sustainable
Diet using the Mobile food record: protocol and methodology. Nutrients.
2015;7(7):5375–95.
Rollo ME, Ash S, Lyons-Wall P, Russell AW. Evaluation of a Mobile phone
image-based dietary assessment method in adults with type 2 diabetes.
Nutrients. 2015;7(6):4897–910.
Bradley J, Simpson E, Poliakov I, Matthews JNS, Olivier P, Adamson AJ, et al.
Comparison of INTAKE24 (an Online 24-h Dietary Recall Tool) with
Interviewer-Led 24-h Recall in 11–24 Year-Old. Nutrients. 2016;8(6):358.
Riordan F, Ryan K, Perry IJ, Schulze MB, Andersen LF, Geelen A, et al. A
systematic review of methods to assess intake of fruits and vegetables
among healthy European adults and children: a DEDIPAC (DEterminants of
DIet and physical activity) study. Public Health Nutr. 2017;20(3):417–48.
Livingstone MBE, Robson PJ. Measurement of dietary intake in children.
Proc Nutr Soc. 2000;59(2):279–93.
Bell LK, Golley RK, Magarey AM. Short tools to assess young Children's
dietary intake: a systematic review focusing on application to dietary index
Research. J Obes. 2013;2013:1–17.
Deivis Elton Schilickmann F, Adami F, Francisco de Assis Guedesde V.
Systematic review about methods of energy expenditure and energy intake
in children and adolescents. Revista Brasileira de Cineantropometria e
Desempenho Humano. 2008;10(2):197–205.
Riordan F, Ryan K, Perry IJ, Schulze MB, Andersen LF, Geelen A, et al. A
systematic review of methods to assess intake of fruits and vegetables among
healthy European adults and children. Public Health Nutr. 2017;20(3):417–48.
Hooson J, Warthon-Medina M, Hancock N, Greathead K, Knowles B,
Hutchinson J, et al. A systematic review of reviews identifying UK validated
dietary assessment tools for inclusion on an interactive guided website for
researchers: www.nutritools.org. Critical Reviews in Food Science and
Nutrition. 2019;DOI: https://doi.org/10.1080/10408398.2019.1566207.
Cade JE, Warthon-Medina M, Albar S, Alwan NA, Ness A, Roe M, et al.
DIET@NET: best practice guidelines for dietary assessment in health
research. BMC Med. 2017;15(1):202.
Davies PSW, Coward WA, Gregory J, White A, Mills A. Total energy
expenditure and energy intake in the pre-school child: a comparison. Br J
Nutr. 1994;72(1):13–20.
Livingstone MBE, Prentice AM, Coward WA, Strain JJ, Black AE, Davies
PSW, et al. Validation of estimates of energy-intake by weighed dietary
record and diet history in children and adolescents. Am J Clin Nutr.
1992;56(1):29–35.
Lanigan JA, Wells JCK, Lawson MS, Lucas A. Validation of food diary method
for assessment of dietary energy and macronutrient intake in infants and
children aged 6-24 months. Eur J Clin Nutr. 2001;55(2):124–9.
Holmes B, Dick K, Nelson M. A comparison of four dietary assessment
methods in materially deprived households in England. Public Health Nutr.
2008;11(5):444–56.
Carter MC, Albar SA, Morris MA, Mulla UZ, Hancock N, Evans CE, et al.
Development of a UK online 24-h dietary assessment tool: myfood24.
Nutrients. 2015;7(6):4016–32.
Albar SA, Alwan NA, Evans CE, Greenwood DC, Cade JE. Agreement
between an online dietary assessment tool (myfood24) and an intervieweradministered 24-h dietary recall in British adolescents aged 11-18 years. Br J
Nutr. 2016;115(9):1678–86.
Foster E, Delve J, Simpson E, Panagio Breininger S. INTAKE24 vs Interviewer
led recall Final report2014 03.01.2019. Available from: https://intake24.co.uk/
assets/papers/Intake24-Comparison-report.pdf.
Johnson RK, Driscoll P, Goran MI. Comparison of multiple-pass 24-hour
recall estimates of energy intake with Total energy expenditure determined
by the doubly labeled water method in young children. J Am Diet Assoc.
1996;96(11):1140–4.
Reilly JJ, Montgomery C, Jackson D, MacRitchie J, Armstrong J. Energy intake
by multiple pass 24 h recall and total energy expenditure: a comparison in a
representative sample of 3–4-year-olds. Br J Nutr. 2001;86(5):601–5.
Montgomery C, Reilly JJ, Jackson DM, Kelly LA, Slater C, Paton JY, et al. Validation
of energy intake by 24-hour multiple pass recall: comparison with total energy
expenditure in children aged 5–7 years. Br J Nutr. 2005;93(5):671–6.

Page 16 of 17

29. McKeown NM, Day NE, Welch AA, Runswick SA, Luben RN, Mulligan AA,
et al. Use of biological markers to validate self-reported dietary intake in a
random sample of the European prospective investigation into Cancer
United Kingdom Norfolk cohort. Am J Clin Nutr. 2001;74(2):188–96.
30. Lietz G, Barton KL, Longbottom PJ, Anderson AS. Can the EPIC foodfrequency questionnaire be used in adolescent populations? Public Health
Nutr. 2002;5(6):783–9.
31. Robinson S, Marriott L, Poole J, Crozier S, Borland S, Lawrence W, et al.
Dietary patterns in infancy: the importance of maternal and family
influences on feeding practice. Br J Nutr. 2007;98(5):1029–37.
32. Marriott L, Robinson S, Poole J, Borland S, Godfrey K, Inskip H, et al. What do
babies eat? Evaluation of a food frequency questionnaire to assess the diets
of infants aged 6 months. Public Health Nutr. 2008;11:751–6.
33. Marriott LD, Inskip HM, Borland SE, Godfrey KM, Law CM, Robinson SM.
What do babies eat? Evaluation of a food frequency questionnaire to assess
the diets of infants aged 12 months. Public Health Nutr. 2009;12(7):967.
34. Cade JE, Frear L, Greenwood DC. Assessment of diet in young children with
an emphasis on fruit and vegetable intake: using CADET – child and Diet
evaluation tool. Public Health Nutr. 2006;9(4):501–8.
35. Christian MS, Evans CEL, Nykjaer C, Hancock N, Cade JE. Measuring diet in
primary school children aged 8-11 years: validation of the child and Diet
evaluation tool (CADET) with an emphasis on fruit and vegetable intake. Eur
J Clin Nutr. 2015;69(2):234–41.
36. Edmunds LD, Ziebland S. Development and validation of the Day in the life
questionnaire (DILQ) as a measure of fruit and vegetable questionnaire for
7-9 year olds. Health Educ Res. 2002;17(2):211–20.
37. Johnson B, Hackett A. Eating habits of 11–14-year-old schoolchildren living
in less affluent areas of Liverpool, UK. J Hum Nutr Diet. 1997;10(2):135–44.
38. Moore G, Tapper K, Murphy S, Clark R, Lynch R, Moore L. Validation of a selfcompletion measure of breakfast foods, snacks and fruits and vegetables
consumed by 9-to 11-year-old schoolchildren. Eur J Clin Nutr. 2007;61(3):420–30.
39. Moore HJ, Ells LJ, McLure SA, Crooks S, Cumbor D, Summerbell CD, et al.
The development and evaluation of a novel computer program to assess
previous-day dietary and physical activity behaviours in school children: the
synchronised nutrition and activity program TM (SNAP TM). Br J Nutr. 2008;
99(06):1266–74.
40. Sofianou-Katsoulis A, Mesher D, Sasieni P, Du Toit G, Fox AT, Lack G.
Assessing peanut consumption in a population of mothers and their
children in the Uk: validation study of a food frequency questionnaire.
World Allergy Organ J. 2011;4(2):38.
41. de Lauzon-Guillain BP, Oliveira AP, Charles MAMD, Grammatikaki EM, Jones
LM, Rigal NP, et al. A Review of Methods to Assess Parental Feeding
Practices and Preschool Children's Eating Behavior: The Need for Further
Development of Tools. J Acad Nutr Diet. 2012;112(10):1578–602.e8.
42. Falcão-Gomes RC, Andréa Araciaba Soares C, Bethsáida de Abreu Soares S.
Caracterização dos estudos de avaliação do consumo alimentar de préescolares Characterization of dietary intake assessment studies in pre-school
children. Rev Nutr. 2006;19(6):713–27.
43. Mouratidou T, Mesana MI, Manios Y, Koletzko B, Chinapaw MJM, De
Bourdeaudhuij I, et al. Assessment tools of energy balance-related
behaviours used in European obesity prevention strategies: review of
studies during preschool: assessment tools in childhood obesity prevention
strategies. Obes Rev. 2012;13:42–55.
44. Olukotun O, Seal N. A Systematic Review of Dietary Assessment Tools for
Children Age 11 Years and Younger. ICAN: Infant, Child & Adolescent
Nutrition. 2015;7(Generic):139–47.
45. Rankin D, Hanekom S, Wright H, MacIntyre U. Dietary assessment
methodology for adolescents: a review of reproducibility and validation
studies. South Afr J Clin Nutr. 2010;23(2):65–74.
46. Tabacchi G, Amodio E, Di Pasquale M, Bianco A, Jemni M, Mammina C.
Validation and reproducibility of dietary assessment methods in
adolescents: a systematic literature review. Public Health Nutr. 2014;
17(12):2700–14.
47. Moran VH. A systematic review of dietary assessments of pregnant
adolescents in industrialised countries. Br J Nutr. 2007;97(3):411–25.
48. Walker JL, Bell KL, Caristo FM, Boyd RN, Davies PSW. A review of energy
intake measures used in young children with cerebral palsy. Dev Med Child
Neurol. 2011;53(6):569.
49. Bates B, Lennox A, Prentice A, Bates CJ, Page P, Nicholson S, et al. National
Diet and nutrition survey: results from years 1, 2, 3 and 4 (combined) of the
rolling Programme (2008/2009–2011/2012): a survey carried out on behalf

Bush et al. BMC Nutrition

50.
51.
52.

53.
54.

55.
56.

57.

58.

59.

60.

61.

62.

63.

(2019) 5:53

of Public Health England and the Food Standards Agency in: agency FS,
editor. London: Public Health England; 2014.
Black MM. Micronutrient deficiencies and cognitive functioning. J Nutr.
2003;133(11):3927S–31S.
Ferenčík M, Ebringer L. Modulatory effects of selenium and zinc on the
immune system. Folia Microbiol. 2003;48(3):417–26.
Stammers AL, Lowe NM, Medina MW, Patel S, Dykes F, Perez-Rodrigo C, et al.
The relationship between zinc intake and growth in children aged 1-8 years: a
systematic review and meta-analysis. Eur J Clin Nutr. 2015;69(2):147–53.
Bland JM, Altman DG. Statistical methods for assessing agreement between
two methods of clinical measurement. Lancet. 1986;1(8476):307–10.
Cade J, Thompson R, Burley V, Warm D. Development, validation and
utilisation of food-frequency questionnaires – a review. Public Health Nutr.
2002;5(4):567–87.
Buchowski MS. Doubly labeled water is a validated and verified reference
standard in nutrition Research. J Nutr. 2014;144(5):573–4.
Wrieden W, Peace, H., Armstrong, J. & Barton, K. A short review of dietary
assessment methods used in National and Scottish Research Studies. .
Edinburgh; 2003.
Carroll RJ, Midthune D, Subar AF, Shumakovich M, Freedman LS, Thompson
FE, et al. Taking advantage of the strengths of 2 different dietary
assessment instruments to improve intake estimates for nutritional
epidemiology. Am J Epidemiol. 2012;175(4):340–7.
Eldridge AL, Piernas C, Illner AK, Gibney MJ, Gurinovic MA, de Vries JHM,
et al. Evaluation of New Technology-Based Tools for Dietary Intake
Assessment-An ILSI Europe Dietary Intake and Exposure Task Force
Evaluation. Nutrients. 2018;11(1).
Wark PA, Hardie LJ, Frost GS, Alwan NA, Carter M, Elliott P, et al. Validity of
an online 24-h recall tool (myfood24) for dietary assessment in population
studies: comparison with biomarkers and standard interviews. BMC Med.
2018;16(1):136.
Lachat C, Hawwash D, Ocké MC, Berg C, Forsum E, Hörnell A, et al.
Strengthening the reporting of observational studies in epidemiology –
nutritional epidemiology (STROBE-nut): an extension of the STROBE
statement. PLoS Med. 2016;13(6):e1002036.
Lombard MJ, Steyn NP, Charlton KE, Senekal M. Application and
interpretation of multiple statistical tests to evaluate validity of dietary
intake assessment methods. Nutr J. 2015;14(1):40.
Gibson S, Francis L, Newens K, Livingstone B. Associations between free
sugars and nutrient intakes among children and adolescents in the UK. Br J
Nutr. 2016;116(7):1265–74.
Taylor CM, Northstone K, Wernimont SM, Emmett PM. Macro- and
micronutrient intakes in picky eaters: a cause for concern? Am J Clin Nutr.
2016;104(6):1647–56.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 17 of 17

