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D

IETARY ASSESSMENT METHODS DATE BACK
decades. The earliest reference to dietary assessment published in this Journal was in 1947 by
Burke,1 who described the dietary history. A
PubMed search for dietary assessment conducted in May
2019 returned more than 43,000 hits for articles published in
peer-reviewed journals, more than 14,000 of which were
published during the past 5 years. This suggests broad interest in measuring food consumption among human beings.
Dietary risk factors have been recognized globally as key
contributors to morbidity and mortality,2 and there is
continued interest in characterizing their relationships with
health outcomes.3 There is unprecedented attention globally
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to interventions such as product labeling and taxation to
support healthy eating and reduce disease risk among populations,4-6 with a concomitant need to monitor intake.
Although commonly used dietary assessment methods have
been subject to criticism based on their reliance on selfreport,7,8 there is more interest than ever in measuring what
people eat and drink.9 This speaks to the need for robust
efforts to understand whether a given method or measure is
well suited to a given purpose and context.
Dietary intake is a complex human exposure, characterized
by multidimensionality and dynamism,10 as well as variability across populations and cultures.11,12 When assessing
intake, interest may be solely in whether consumption
occurred. There often is also interest in quantifying the
amounts consumed of foods, beverages, food groups,13,14
nutrients, and other dietary constituents such as phytochemicals and contaminants15,16 and in characterizing dietary
patterns10,17-19 and eating behaviors, such as meal and
snacking patterns.20,21 For each of these exposures, interest is
typically in habitual, or usual, intake over some period of
time,22-24 whereas foods and beverages consumed generally
vary across days, seasons, and the lifecycle.23,25,26 When
making decisions regarding methods to assess dietary intake,
critical considerations include the degree to which the data
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captured correspond to the dietary exposures of interest and
how close the values yielded by the method are to estimates
of true usual intake over a given period of time among
members of a speciﬁed population.
Because there are few known objective measures of dietary
intake and these are infeasible for most studies, self-report
dietary assessment methods are typically used.27,28 True
usual intake is not observable in most studies,27 underscoring
the need for robust validation to understand whether a given
method yields estimates of intake that are reasonable for
providing data for a given purpose, context, and population.29
Understanding the properties of an assessment method can
also help to identify analytic methods and study design
considerations to mitigate error in the measurement of dietary exposures.30 We identiﬁed complexities and recommended best practices related to the validation of self-report
dietary assessment methods. The emphasis is on applications
of dietary assessment methods to estimate dietary intake
among groups, not among individual persons as may be the
case in clinical settings.

CONCEPTS OF VALIDITY, RELIABILITY, AND
VALIDATION
“Validation is the process of determining whether a measure
or indicator is suitable for providing useful analytical measurement for a given purpose and context. A measure or
indicator is valid if each of six criteria are met: 1) its construction is well-grounded in theory; 2) its performance is
consistent with that theory; it is 3) precise, 4) dependable,
and 5) accurate within speciﬁed performance standards; and
6) its accuracy is attributable to the well-grounded theory
for that purpose and context .”29 This holistic conceptualization indicates that distinctions among different types of
validity are somewhat arbitrary and that data from a method
are only useful when they represent the construct of
interest.31
Two conceptual systems for validation within the ﬁeld of
nutrition sciences include the biometric, in which truth is
typically observable,32 and the psychometric,33-35 in which
measures of an underlying construct, for example, depression
or self-esteem, typically depend on self-reported subjective
assessments and truth is not observable. Dietary intake is
theoretically observable (eg, using objective methods such as
observation) in line with the biometric system, but in most
studies, measures of true intake are not feasible. As a result,
psychometric methods have often been adopted in the validation of dietary assessment tools.33 In the psychometric
system, the six concepts noted above and explored in detail
elsewhere by Frongillo and colleagues29 are often described as
face or content validity (1), construct validity (2), testeretest
reliability (3 and 4), and criterion validity (5 and 6). Validity
typically takes precedence31,35-37 over reliability because even
in the event that a method provides consistent measurements,
those measurements are useful only when they are sufﬁciently
accurate for a speciﬁed purpose. Concepts related to measurement error, which refers to the difference between a true
and measured value, are also pertinent.38 In terms of characteristics of dietary data, the terms systematic error and bias
generally relate to validity, whereas random error relates to
reliability39 (although the use of unreliable data for analytic
purposes can lead to biased results).
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Research Question: What are key challenges and best
practices related to the validation of self-report dietary
assessment methods?
Key Findings: Assessing the validity and reliability of dietary
assessment methods is difﬁcult due to the complexity of
dietary intake and challenges in capturing true intake. The
study design must be carefully aligned with the purpose of a
given validation. Evidence on the varied concepts of validity
and reliability should be interpreted in combination and in a
nuanced manner to inform judgements about the suitability
of a method for a speciﬁed purpose.
We use the term validation to encompass various dimensions that must be assessed and considered to determine
whether or not a given method is suitable for a speciﬁc
purpose, with the explicit recognition that reliability is
embedded within a more holistic conceptualization of validity. Evidence on the varied concepts of validity and reliability should be interpreted in combination to inform
judgments about the suitability of a method for a given
purpose. There is also interest in the responsiveness of
methods for detecting change that truly occurs, as well as
whether the administration of the same method (or adaptations of it) yield comparable data across populations or
settings. Feasibility of a given method for use with a given
population in a given setting is another consideration but is
not addressed here.
We present complexities in dietary assessment followed by
a summary of common self-report assessment methods and
of objective measures that may be used to provide reference
data for validation purposes, and a description of sources of
error in data from self-report methods. Limitations in the
current validation literature are brieﬂy highlighted, leading
into the discussion of best practices for validation of selfreport dietary assessment methods.

THE EXPOSURES OF INTEREST IN DIETARY
ASSESSMENT
Diet is multidimensional10 in that people consume various
foods and drinks, and potentially supplements, each of which
has its own proﬁle of nutrients, phytochemicals, and other
exposures (eg, contaminants). People may eat these foods
and drinks in different combinations and patterns in terms of
meal frequency and timing. Multidimensionality has been
described as “the numerous attributes of dietary intake and
the inherent complexities of interdependence and synergy.”10 Given the complexity that multidimensionality entails, when considering the properties of a dietary assessment
tool, investigators must clearly articulate which dimensions
or “layers”10 of diet are of interest. For example, the desire to
obtain an accurate estimate of total absolute intake of a single
dietary component, such as sugars or a given vitamin, suggests the need for a method that captures frequency of consumption and amounts consumed of all foods and beverages
contributing the dietary component of interest with a high
degree of validity. To assess whether a change in intake of one
dietary component is accompanied by changes in other
November 2019 Volume 119 Number 11
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components, such as in response to an intervention, the
method must comprehensively capture the relevant foods
and beverages and be responsive to change that truly occurs.
Diet may be measured at a single time point in many
studies,10 but for surveillance, epidemiology, and intervention research, usual intake over time among the population is
of primary interest. This is because nutrient requirements
and food group recommendations are intended to be met
over time,40 it is generally long-term diet and not what is
eaten on a given day that inﬂuences health and disease risk
(although acute exposures can be critical for components
such as alcohol or contaminants41), and interventions usually
seek to promote sustained changes in eating patterns that
will contribute to long-term nutrition-related and overall
health. Estimating usual intake is challenging. First, diet is
dynamic.10 Day-to-day variation in intake can be substantial
for dietary components consumed episodically by most persons in a given population.42 For example, whereas intake of
ubiquitously consumed dietary components, such as total
sugars or reﬁned grains, do not show high day-to-day variation in the context of current Western eating patterns, this is
not true for more episodically consumed foods, such as ﬁsh,
green vegetables, and whole grains.13 Intake may also vary
seasonally, although recent research considering intake of
macronutrients, micronutrients, and food groups among a
sample of US adults suggested seasonality in intake was not
substantial.43 Second, dietary exposures at critical periods,
such as in utero, adolescence, or pregnancy, can inﬂuence
human health even before conception44,45 and across the
lifecycle.10 There is thus an emerging focus on temporal
patterns in relation to health and disease outcomes.10,24,46,47
Because eating patterns, including the degree of multidimensionality and dynamism, vary across populations,11,12 the
nature of the dietary exposures of interest and methods
suitable for capturing them may differ across settings and
populations. For example, a study to monitor protein intake
over a given period among young children living in a loweror middle-income country with a relatively monotonous diet
might require a different method than a study examining
protein intake among adults in a high-income country.
Comparability, or equivalence, of methods across populations
with different dietary exposures is thus of interest.

SELF-REPORT METHODS FOR ASSESSING DIETARY
INTAKE
Data collection and analytic strategies within dietary
assessment are generally intended to yield estimates of usual
intake. Usual intake may be queried directly during a speciﬁed time period or estimated using statistical methods,
possibly by combining data from tools that capture shortterm and long-term intake.26,27,38,48,49
Short-term dietary assessment methods capture a detailed
accounting of all foods and beverages, and sometimes supplements, consumed over a short period of time (eg, days).
These methods include 24-hour dietary recalls (24HR) and
food records (FR), which can capture multidimensionality
because all foods and beverages consumed over a given
number of days are queried.27,38 To estimate mean usual
intake among a group, a single administration of a 24HR or FR
is sufﬁcient.38,50 Characteristics beyond mean intake, such as
the proportion of a group with intakes below or above a
November 2019 Volume 119 Number 11

threshold, may also be of interest and cannot be estimated
based on data for a single day because of the need to account
for day-to-day variation.26 To estimate distributions of usual
intake among a group, many repeats of 24HR or FR can be
collected and averaged. In practice, it is usually not possible
to collect a sufﬁcient number of repeats to average out the
effects of day-to-day variation.26,50 Nevertheless, data from a
small number of nonconsecutive 24HR or FR administrations
can be used to estimate usual intake through analytic strategies that account for within-person variation (mostly
contributed by day-to-day variation), a form of random error.26 Nonconsecutive administrations (eg, of a 3-day or
7-day FR) are recommended as intake on consecutive days
may be affected by autocorrelation (eg, through leftover and
compensation effects), precluding accurate estimation of dayto-day variation.38 Depending on the study design, assumptions are often made regarding the period to which usual
intake pertains. For example, in analyses drawing upon surveillance systems such as the National Health and Nutrition
Examination Survey,51 in which data are typically collected
across the sample over a year, usual intake among populations and population subgroups may be conceptualized as
reﬂecting the survey year. Methods to estimate distributions
of usual intake among groups do not allow characterization
of usual intake for a given individual, for whom a substantial
number of repeat 24HR or FR administrations is needed to
reliably estimate usual intake over a speciﬁed period.22
Methods such as 24HR and FR can be administered in
different ways, with potential implications for the validity of
the resulting data. Adaptations of the methods continue to be
developed as researchers seek to minimize the limitations of
existing tools, such as by leveraging technology.52-56 Approaches such as the Automated Multiple-Pass Method57-59
have been developed to improve the validity of data
collected using interviewer-administered recalls. Automated
self-administered recalls and records52,55 have also been
developed, as have mobile FR applications.54 Aids, such as
household measures and digital images, may be used to
enhance accuracy of portion size estimation, with the format
and presentation of the aids potentially inﬂuencing the degree of accuracy of reported data.60
Data from 24HR and FR are theoretically comparable across
populations because they capture all foods and beverages
consumed,38 although the extent to which those foods and
beverages can be linked to food composition databases may
vary. When comparability across populations or settings is
relevant to a given use of 24HR or FR, it is also important to
ensure that questionnaires, or interfaces in the case of
technology-enabled tools, used to collect data are understood
similarly and include appropriate food and beverage items.61
Long-term dietary assessment methods are those that aim
to measure habitual intake of foods and beverages, and
sometimes supplements, over a long period of time, such as a
month or year. Such methods include food frequency questionnaires (FFQ) and frequency-based screeners.27,28 Frequency questionnaires and to a lesser extent, screeners, may
enable consideration of multidimensionality when sufﬁcient
foods and beverages are included to capture varied aspects of
the diet, but the food groupings in the questionnaire will
inﬂuence the granularity with which facets of diet can be
examined. Because these tools directly ask about frequency of
consumption over a long period of time, the data from them
JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS
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are not believed to be highly inﬂuenced by within-person
random variation in intake. There can be some variation
across administrations spread over time, but within-person
variation tends to be smaller than for short-term measures.62
Suitability of a given FFQ for use with different populations
may be limited.63 For example, a questionnaire tailored to
one population may not sufﬁciently capture the foods and
beverages commonly consumed in another, leading to
misestimation of intake of food groups, nutrients, or other
dietary components. Differences in data captured by different
FFQ (even in the same population) can also reﬂect differences
in design, such as variations in frequency response categories,
methods for portion size estimation, nutrient and food group
databases, and the underlying algorithms and procedures to
determine mean daily intake values. Mode of administration
may also be relevant.

OBJECTIVE MEASURES OF DIETARY INTAKE
Objective measures of intake may be used to provide
reference data against which self-report methods are
compared to assess validity. True intake can be comprehensively quantiﬁed through detailed observation or in
feeding studies in which intake is documented for one or
more eating occasions.60,64,65 These data are likely to be
inﬂuenced by some sources of error, such as observer error
that results in missed foods or drinks, inaccurate calibration
of scales for weighing plate waste, or reactivity on the part
of respondents in response to being monitored in the case
that it is not sufﬁciently unobtrusive. These can be minimized through training and quality control procedures. The
data collected using observation and feeding studies do not
typically reﬂect usual intake because it is challenging to
implement these methods over the long term in naturalistic
settings.
Biomarkers are also relevant to validation of dietary
assessment methods.50,66 Biomarker data do not provide information on what was actually consumed by individuals,
and thus do not provide substantial insights into factors such
as the multidimensionality of diet.67 Further, the collection of
biomarker data is burdensome, expensive, and usually
feasible for only a short period of time in small samples of
community-dwelling populations.50 Biomarker data are
useful for assessing the extent to which data from self-report
dietary assessment methods reﬂect truth. Speciﬁcally, recovery biomarkers, which are biological products considered
markers of true intake because they are directly related to
intake and not inﬂuenced by homeostasis or substantial differences in metabolism between persons,50,66 have been
identiﬁed for a small number of dietary components. For
example, doubly-labeled water represents energy expenditure over a 10-14 day period assuming individuals are in
energy balance,68 and 24-hour nitrogen level in urine provides a measure of protein intake over 24 hours.69 These
recovery biomarkers are believed to provide nearly unbiased
estimates of energy and protein intake, respectively, with
some potential for bias due to incomplete collection of 24hour urine output. Recovery biomarkers have also been
recognized for potassium and sodium, again based on 24hour urine collection.70 Like short-term dietary assessment
methods, recovery biomarkers are affected by within-person
variation68 and thus, repeat administrations are needed to
1804
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estimate usual intake among a group by characterizing and
adjusting for within-person random error.
Predictive biomarkers,71,72 like recovery biomarkers, show
a stable doseeresponse relationship to intake and offer
promise for mitigating error inherent in self-report data, but
few have been identiﬁed (eg, 24-hour urinary fructose and
sucrose as markers of sugar intake71). Thus, their use in
validation efforts has been limited. The distinction between
recovery and predictive biomarkers is that the overall recovery is lower for those designated as predictive,73,74 but
their stable relationship with intake may nonetheless help to
identify reporting errors. Concentration biomarkers do not
have the stable relationship with intake that is observed for
recovery biomarkers and “cannot be translated into absolute
levels of intake,”74 but correlate with intake and have been
shown to perform well compared to recovery biomarkers.75
Examples of concentration biomarkers include serum carotenoids, which may be correlated with fruit and vegetable
intake. Some validation studies have compared self-report
data to concentration biomarkers as an indication of validity of the self-report method.76,77

SOURCES OF ERROR IN DATA COLLECTED USING
SELF-REPORT METHODS
All self-report dietary assessment methods are subject to
measurement error28; that is, the difference between a true
and measured value. Error can be random or systematic.78
Random error occurs in both directions from true intake79
and leads to unreliable estimates.29,78 A main source of
random error in estimating usual dietary intake is day-to-day
variation,25 which primarily affects data collected using
short-term measures such as 24HR and FR.50,62 Random errors may also be due to variation in data collection parameters (eg, time of day or day of week of data collection) or
biological or environmental factors (eg, variation in vitamin C
content in relation to storage conditions). Random error,
which may vary by dietary component, can be addressed
using repeated nonconsecutive days of measurement with
the application of appropriate statistical techniques.26
Systematic error, also known as bias, results in misestimation in a particular direction.28,78 Systematic error is
related to the concepts of accuracy and validity. Sources of
systematic error include recall biases (eg, consistently
forgetting items consumed when completing a 24HR or FFQ
of past intake27), reactivity biases (eg, changing eating patterns in response to real-time monitoring in the case of
FR28,80), intake-related biases (ie, quantity of intake is related
to discrepancies in reporting81), and social desirability biases
(ie, under- or overreporting of certain foods and beverages
based on perceived healthfulness82-84 or in response to
intervention messaging). Systematic error may also be due to
deﬁciencies in the measure, such as lack of inclusion of
speciﬁc foods that contribute to intake of a dietary component of interest in a given population. Poor alignment between characteristics of the method and participants’
capacities, such as literacy and/or numeracy, may also lead to
systematic error in reported consumption.38 Systematic error
can be mitigated only in cases in which true intake is known.
This is limited to the relatively few studies that make use of
objective markers of truth, such as observation or recovery
biomarkers.66
November 2019 Volume 119 Number 11
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Studies of measurement error in self-report dietary data
have used recovery biomarkers66 for energy, protein, potassium, and sodium.62,70,85 Biomarker-based validation studies
have indicated that 24HR recall data are inﬂuenced to a
greater extent by random error than are FFQ data, whereas
the opposite is true for systematic error.70,85 This is consistent
with our understanding of the design and administration of
these methods. For example, recalls are generally used to
collect data for a day or a few days and therefore do not account for day-to-day variation in intake (without statistical
correction using repeat nonconsecutive administrations),
resulting in random error. This does not reﬂect misreporting
on the part of respondents, but is a source of error when
interest is in usual intake rather than intake on a given day or
a few days. Frequency questionnaires may omit food sources
that are important to a given population subgroup and/or
may impose substantial cognitive challenges in terms of
requiring estimation of usual intake over a long period of
time, contributing to systematic error.38 Although 24HR data
are not bias-free, they have been shown to produce data with
less bias than FFQs in a range of populations.70,85 Thus, 24HR
are sometimes used as reference measures in validation
studies. Data from FR may also be used as reference measures
with the assumption that they perform similarly to 24HR and
provide data that are closer to truth than other self-report
methods such as FFQ or screeners.

LIMITATIONS IN THE CURRENT DIETARY
ASSESSMENT VALIDATION LITERATURE
Frongillo and colleagues29 described limitations in validation
studies in the ﬁeld of nutrition more generally. An issue
speciﬁc to dietary assessment is that claims of validity often
rely on suboptimal methods. The collection of true intake
data to which to compare self-report methods is a challenge
given the paucity of and burdens associated with objective
markers. As a result, research described as validation often
entails the comparison of error-prone measures to one
another. Although often unavoidable, such studies are often
presented erroneously as indicating that measures are valid,
rather than the extent to which they agree with another
error-prone measure.
In addition, a range of statistical tests are used within
validation studies and these may capture agreement, association, or bias at the level of groups or individuals. Lombard
and colleagues30 noted that there is no consensus on the
ideal type and number of tests and found that among 60
validation studies, 21 different combinations of statistical
tests were used. Although different tests yield different insights, they must be appropriately interpreted in combination and in relation to the validation study design to guide
conclusions regarding validity and reliability and future uses
of a given method. In their review of validation research,
Lombard and colleagues30 found that “all studies concluded
that the test dietary assessment method was valid for use in
the respective populations.” Such statements suggest a dichotomy in terms of whether a method is valid or not,31
which is not appropriate because all self-report measures
capture intake with some degree of error or inaccuracy. Investigators seeking to make use of a particular method may
be motivated to describe it as “validated,” potentially with
little to no information on the degree of validity or reliability
November 2019 Volume 119 Number 11

observed, for what dietary components, or in what population(s), making it difﬁcult to interpret the suitability of the
method for their purpose.

BEST PRACTICES IN DIETARY ASSESSMENT
VALIDATION
This section describes overarching considerations for the
design of validation studies, corresponding to the presented
concepts of validity, reliability, and validation. Although not
necessarily exhaustive given that there are large literatures
on relevant concepts, key statistical considerations and critical issues related to the validation of dietary assessment
measures are noted.
A checklist (see the Figure) is proposed for use in developing and reviewing articles describing the validation of dietary assessment methods. Some aspects of the checklist
reﬂect general overarching considerations and are adapted
from the Strengthening the Reporting of Observational
studies in Epidemiology Statement-nutritional epidemiology
extension,86 which is aimed at supporting consistent
reporting of the details of nutritional epidemiology studies.
Other considerations are speciﬁc to the design and implementation of validation studies. Speciﬁcations are also provided on how best to report and interpret results.

Overarching Considerations
The purpose of the measure being validated and the dietary
constructs of interest should be clearly identiﬁed in all facets
of an article reporting on a validation study, including the
title and abstract. Given the complexity of diet, it is essential
to fully deﬁne the dietary exposures, with careful consideration to the dietary behaviors (eg, meal patterns and social
context) or constituents (eg, foods, food groups, nutrients,
patterns, or other food components) and the time period (eg,
acute intake over a short period of time such as a day or
usual intake over some longer period such as a month or a
year). The ways in which the method will be used to characterize these dietary behaviors or intakes (eg, capture
occurrence of consumption, rank intake among a group of
persons, or estimate absolute intake) should be characterized
a priori. These considerations will inform design decisions
such as the number and timing of administrations of the
method being validated, the selection of criterion or comparison measures(s) (if any), and appropriate statistical
techniques and their interpretation.
The intended target populations and settings of interest are
pivotal for informing study design, including the sampling
frame and eligibility/exclusion criteria, as well as appropriate
interpretation. The method to be validated and its intended
purpose should be placed in the context of what is already
known about the properties of similar methods proposed for
similar purposes in similar and different populations.
The measure that is being validated, as well as any criterion
or comparison measures when applicable, should be
described in detail, including how the measure and the criterion or comparison measures were developed and/or
adapted, the format and mode of administration, associated
food composition databases, and the results of any prior
validation studies or other testing. In situations involving
repeat administrations of a method, the potential for
contamination between administrations, changes to usual
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Description

Title and abstract

Indicate the study’s design and purpose, including the construct of interest (ie, dietary components of interest
and over what time frame) and dietary assessment measure undergoing validation, in the title and/or
abstract.
Provide an informative and balanced summary of what was done and what was found. Avoid summary
statements that do not reﬂect the totality of the ﬁndings and that treat validity and/or reliability as
dichotomous rather than properties operating on a continuum of low to high.

Introduction
Background and
rationale

Explain the scientiﬁc background and rationale for the validation study. Place the study in the context of
existing research on dietary assessment methods, and build justiﬁcation for the speciﬁc focus of the
validation study.

Objectives

State speciﬁc objectives, including any prespeciﬁed hypotheses. Objectives should explicitly identify the aim
of the study in terms of the properties assessed to examine suitability of the measure to address a given
research purpose in a speciﬁed population and setting.

Methods
Study design

Present key elements of the study design early.

Measure

Describe the measure undergoing validation in detail, including how it was developed/adapted, its
format, the method and location of administration, and salient characteristics such as the associated
food composition database(s) and whether supplement intake is assessed.
Describe the intended use of the measure (ie, to capture occurrence of consumption (or not), to rank
intake among a group of persons, or to estimate absolute intake), as well as the dietary components
(foods, food groups, nutrients, patterns, or other food components) and time frame of interest.

Settings

Describe the setting, locations, and relevant dates, including periods of recruitment and data collection.
Describe any characteristics of the study setting that might inﬂuence participants’ dietary intake.

Participants

Provide the eligibility criteria and sources and methods of selection of participants.
Justify the sample size.
Describe the representativeness of the sample to the target population and discuss response rates. Report
characteristics related to nutrition, dietary intake, and physiology considered in deﬁning the eligibility
criteria.

Procedures

Is the measure well-constructed and grounded in an understanding of the underlying phenomenon of
interest? (face and content validity)


Provide a detailed presentation of the procedures employed to gather feedback to assess
whether items reﬂect the construct of interest (eg, reviews of the relevant literature(s), surveys of
lay persons and/or relevant experts). Address approaches employed to ensure the items included,
for example, in a frequency-based questionnaire, are comprehensive and reﬂect the most
commonly-consumed sources of the dietary components of interest, as well as relevant portion
sizes (if applicable).

Does the measure perform in a manner consistent with the theory underlying its construction?
(construct validity)


Describe the methods used to examine whether or not the measure assesses the intended
construct (eg, contrasted groups) and the theory that underlies this particular approach to
assessing this aspect of validity. Include a detailed description of statistical procedures used.
(continued on next page)

Figure. Checklist for authors and reviewers when describing studies to validate dietary assessment measures. Italicized text is
adapted from: Lachat C, Hawwash D, Ocké MC, 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). 2016;e1002036.86 (NOTE:
Information from this ﬁgure is available at www.jandonline.org as part of a PowerPoint presentation.)
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Description
Is the measure accurate within speciﬁed performance standards? (criterion or relative validity)




Describe criterion or comparison reference measure(s) (eg, biomarkers, observation, feeding
studies, other self-report tools) used to validate the measure of interest in detail, including
potential biases. Avoid language such as gold standard to describe reference measures.
o Justify the use of particular reference measure(s) in terms of the dietary components and time
frame of interest.
o Address whether the reference measure(s) and the measure undergoing validation assess
intake over the same period of time. Describe considerations regarding number and timing of
administration(s) of both the measure to be evaluated and the reference measure(s).
Explicitly describe and justify the statistical procedures used, including multiple tests as appropriate.

Does the measure produce data that are precise and dependable? (reliability)





Describe the particular aspects of reliability of interest; for example, precision (testeretest reliability) or interrater reliability. If testeretest reliability, describe the relevant period of time over
which reliability is of interest.
Discuss whether dietary intake could be expected to change over the relevant time period due to
confounding factors and how this was addressed.
Explicitly describe the statistical tests used. Use multiple tests as appropriate.

Is the measure responsive to change?



Describe procedures used to assess responsiveness to meaningful change over time and to assess
the smallest detectable change for given dietary components.
Comment on issues related to statistical power related to responsiveness.

Does the measure produce data that are equivalent or comparable across populations?


Discuss approach to comparability in terms of adapting measures for different contexts or identifying particular variables captured using different measures but that can be theoretically
harmonized.

Results
Participants

Report the numbers of individuals at each stage of the study and give reasons for nonparticipation at each
stage. Consider the use of a ﬂow diagram to illustrate.
Report the results of each procedure implemented for each dietary construct of interest.

Descriptive data

Give information on the study participants (eg, demographic characteristics)
Provide salient information regarding dietary intake data (eg, low or high values, avoidance of certain
foods)

Discussion
Key results

Make use of all statistical tests and/or procedures to objectively summarize the key results with reference
to the study objectives. Discuss the degree of validity, reliability, sensitivity to change, and/or
equivalence of the evaluated measure as appropriate to the study, rather than referring to these
properties as present or absent. When comparing error-prone measures to one another, consider the
contribution of correlated error to measures of association. Avoid overstating the level of validity or
reliability based on the available data.

Limitations

Describe study limitations that may affect conclusions. This may include the reference measures in studies
of validity or recruitment methods (eg, paid volunteers) in any study.
(continued on next page)

Figure. (continued) Checklist for authors and reviewers when describing studies to validate dietary assessment measures. Italicized
text is adapted from: Lachat C, Hawwash D, Ocké MC, 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). 2016;e1002036.86 (NOTE:
Information from this ﬁgure is available at www.jandonline.org as part of a PowerPoint presentation.)
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Interpretation

Limit interpretations about validity, reliability, responsiveness, and/or equivalence of the evaluated
measure to the speciﬁc populations and contexts evaluated, as well as the particular objectives (eg,
interpretations of an evaluation of validity should be limited to validity and not reliability). Base
interpretations on the totality of the evidence, including all tests and comparisons conducted, as well as
results from similar studies. Place the ﬁndings in the context of other literature.

Generalizability

Describe potential appropriate and inappropriate uses of the measure given the study design and
ﬁndings. Describe features of the measure that may inﬂuence the design of studies proposing to make
use of it; for example, sample size calculations to account for loss of power due to biased measurement
of dietary intake.

Other information
Funding

Give the source of funding and the role of the funders in the validation study and, when applicable, in prior
studies on which the present validation study is based.

Ethics

Describe the procedures for consent and study approval from ethics committee(s).

Figure. (continued) Checklist for authors and reviewers when describing studies to validate dietary assessment measures. Italicized
text is adapted from: Lachat C, Hawwash D, Ocké MC, 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). 2016;e1002036.86 (NOTE:
Information from this ﬁgure is available at www.jandonline.org as part of a PowerPoint presentation.)
dietary intake, and declining data quality over time (eg, due
to learning effects or fatigue among study participants)
should be considered.
As in any study, the setting, location, and relevant time
periods for recruitment and data collection should be
detailed, as should study characteristics that might inﬂuence
either actual or reported dietary intake. For example, in a
validation substudy embedded within a larger intervention
study, the intervention itself may elicit changes in intake and/
or reporting biases.87 In addition, participants’ sociodemographic characteristics should be summarized, and information on response rates and generalizability of the sample to
the target population provided.

Is the Measure Well Constructed and Grounded in
an Understanding of the Underlying Phenomenon
of Interest?
A valid measure is well constructed and grounded in an understanding of the underlying phenomenon of interest, or
shows face and content validity, also referred to as translational validity.35 Face validity refers to whether a measure
appears, “on the face of it,”35 to provide the information that
is sought.34,35 It is a subjective35 rather than empirical
assessment of whether a measure meets expectations set by
the assessor, and may be examined among lay people and
experts who determine, among other things, whether or not
a screener, for example, appears to capture intake of a given
food or food groups. Face validity provides insights into how
participants might interpret and respond to items, not
whether the tool does indeed measure the construct of interest35 (necessitating assessment of other forms of validity).
Content validity is also subjective but relies upon experts
and feedback mechanisms (such as the Delphi technique88)
to develop and evaluate items to capture the salient features
or dimensions of a construct.35 For example, although a lay
person may be able to list vegetables that should be
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included in a screener, a content expert is needed both to
ensure commonly consumed vegetables within the population are represented and to capture frequency of
consumption reﬂective of intake patterns. Content validity is
particularly relevant to tools such as screeners targeted
to certain foods or food groups within a given population.
Content validity may also pertain to the way in which
a 24HR is administered; for example, using multiple passes
in approaches such as the Automated Multiple-Pass
Method57-59 to capture all foods and beverages consumed
within a short period. Examinations of face and content
validity may also inform the design of online interfaces, with
attention to the potential of probes to exacerbate or reduce
social desirability biases, for instance.
Articles reporting on face and content validity should
provide information on procedures used to ensure that the
items reﬂect the domain of interest, including with whom
methods were tested, how participants were recruited, and
how feedback was solicited.

Does the Measure Perform in a Manner Consistent
with the Theory Underlying its Construction?
A measure that performs in a manner consistent with the
theory underlying its construction, or measures what it is
intended to measure, is said to have construct validity.35 A
measure with high construct validity is consistent with
related constructs and distinct from unrelated constructs,
often measured by correlation. For example, intake of sugary
beverages as captured by a screener might be expected to be
positively correlated with the frequency of access that children have to those beverages. In addition to correlation,
construct validity can be assessed by comparing groups that
are expected to perform differently using two-group t tests or
analysis of variance.35 For example, the Healthy Eating Index2015 has been found to differentiate the diet quality of subgroups with known differences (those who do and do not
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smoke, consistent with other literature suggesting that
smoking is related to lower diet quality), supporting the
assertion that index scores reﬂect dietary quality.89 Reports of
studies of construct validity should indicate the methods
used to examine whether or not the measure assesses the
intended construct, the sample characteristics, and statistical
procedures employed.

Is the Measure Accurate within Speciﬁed
Performance Standards?
Studies that examine the accuracy of a particular measure
assess criterion validity or “evidence of a relationship between the attributes in a measurement tool with its performance on some other variable.”35 In the strictest sense,
assessing criterion validity entails examining whether the
measure produces data that are representative of the true
value by comparing to data reﬂecting true intake. Given
challenges inherent in obtaining true deﬁnitive measures of
dietary intake inﬂuenced by little or no error, the comparison
measure used in dietary assessment may or may not be unbiased. Studies using unbiased criterion measures of true
intake to validate a given method are ﬁrst described, followed
by studies comparing the method to be evaluated to another
biased or error-prone measure.

Studies Comparing a Method to an Unbiased Reference Measure. Studies of criterion validity can make use
of observation, feeding studies, or recovery biomarkers.60,62,64,65,70,85 For the reference measure to be a truly
useful criterion, it must measure intake of the same dietary
component over the same period of time as the method being
assessed. Studies using unbiased reference measures may
assess the accuracy of a self-report tool for capturing true
short-term intake on a speciﬁc day or number of days. For
instance, studies examining the validity of 24HR and FR data
have been conducted, comparing the self-report data to true
short-term intake based on observational and feeding
studies.60,64,65 These types of studies are typically not used to
evaluate FFQs because observational and feeding studies are
not feasible over the time periods to which FFQs typically
pertain (eg, usually a month or a year). Recovery biomarkers
can also be used to assess the validity of short-term tools for
capturing true short-term intake of energy, protein, potassium,
and sodium, particularly in the case that the data are collected
for the same period.62,70,85 Predictive biomarkers may also be
used for this purpose, for instance, to provide insights into a
method’s capability to capture intake of sugars.71
Alternatively, studies may examine the accuracy of a tool
for capturing true usual intake in comparison to recovery
biomarkers.62,70,85 In this case, the time periods to which the
tool being validated and the criterion data are collected or
pertain may not be identical, necessitating the estimation of
usual intake using repeat administrations of the measures
among at least a subsample to characterize and adjust for
within-person random error. For short-term dietary
instruments, repeat measures allow for adjustment for dayto-day variation using statistical modeling,26 whereas for
long-term dietary instruments and biomarker data, the
repeat measures enable accounting for random variation
across administrations.85 The time period over which repeat
measures should be spread depends on the time period of
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interest (eg, repeat measures spread across months are likely
needed when the time period of interest is a year or more).
Studies using unbiased criterion measures yield insights
into the absolute error with which a method captures intake
through analyses focused on the correspondence or agreement between truth and self-reported consumption. These
insights may be gleaned in different ways. When evaluating
short-term tools using observational or feeding study data,
one may examine agreement in terms of the proportion of
foods and beverages accurately reported or excluded among
participants, as well as phantom foods (or intrusions) that are
reported, but were not consumed.64,90,91 Given information
on the total diet, it is possible to examine whether some
types of foods or beverages (eg, perceived to be more or less
healthy, single-unit vs liquids, or main dishes vs additions
and condiments) are reported to a greater or lesser extent
than others by study participants. In addition, differences
between true and estimated intakes of foods, food groups,
and nutrients, as well as portion sizes (with differentiation as
to types of foods such as shaped vs amorphous or shapeless
vs liquids60,92) can be examined. Regression modeling can be
used to examine the relationship between personal characteristics such as age, sex, income, education, and body mass
index, and the accuracy of reporting. The inﬂuence of study
design characteristics, such as the time frame for which dietary intake was reported (eg, midnight to midnight the prior
day or the most recent 24 hours) or the number of foods
offered or truly consumed, may also be of interest.
In studies comparing a method to an unbiased criterion
reference, a measurement error framework62 may be used to
differentiate random error from systematic bias. Attenuation
factors and correlation coefﬁcients are relevant to the estimation of diet and health or disease relationships.85 The
attenuation factor represents bias or shrinkage in the estimated effect of self-reported vs true dietary intake on a
health outcome.85 Correlation coefﬁcients are often generated to describe associations between dietary intakes estimated using two measures and are sometimes referred to as
validation coefﬁcients. When two measures share common
bias (eg, two self-report measures), simple correlation coefﬁcients reﬂect correlation with both true intake and with
bias,38 and, although a correlation¼1 is considered perfect, it
may reﬂect in part bias and therefore not be indicative of an
ideal instrument. Measurement error models that use an
unbiased reference instrument separate sources of error to
enable quantiﬁcation of the correlation between reported
and true intake.62 The correlation coefﬁcient is informative
because it provides an indication of the loss of statistical
power to observe associations between diet and health or
disease outcomes when reported intake is used in place of
true intake,85 and indicates the potential for bias in this
estimated association. In studies that conduct statistical
modelling to remove within-person variation using repeat
administrations of a method, de-attenuated coefﬁcients may
be presented. These may also be energy-adjusted.70,85

Studies Comparing a Method to a Biased or ErrorProne Reference Measure. Given the paucity of unbiased
criterion measures and challenges associated with implementing them in real-world studies,74 validation studies
often compare the method being evaluated to another measure assumed to capture intake with less bias. For example,
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FFQ or screener data may be compared with data from
multiple recalls or records. The comparison measure should
be demonstrated to have some degree of validity30 in prior
research, ideally in comparison to an unbiased reference.
Concentration biomarkers may also be used to provide insights into how well data from a self-report measure aligns
with another marker of intake,76,77 although not of true
intake as is the case with recovery biomarkers. Biased measures used in place of true criterion measures are sometimes
referred to as imperfect or error-prone reference measures,
and studies using them as relative validations.38
In such studies, the method to be evaluated and the errorprone reference measure are administered in a sample and
the estimates from the two measures compared. As with
studies using unbiased references, the two measures should
capture the same construct over the same period.33 Thus, in
cases in which short-term tools such as multiple 24HR or FR
are used as the reference for an FFQ designed to assess usual
intake over a month or year, careful consideration must be
given to the number and timing of recall or record administrations so that usual intake over that same period can be
estimated.
Correlation coefﬁcients are often used in studies that
compare two error-prone measures. They do not provide
information on the absolute error, either random or systematic, that characterizes data collected using a given
method, Thus, they have been suggested to be inappropriate
as the sole strategy to assess a method against another
error-prone method.30 Not only true intake, but also error,
may be correlated across methods. Thus, correlation coefﬁcients describing the association between two errorprone methods may be inﬂated due to correlated errors.
For example, sources of systematic error such as recall or
social desirability biases may be correlated between instruments, resulting in overly optimistic estimates of the
degree to which intake estimates based on the two methods
are associated with one another. Correlated error may be
reduced to some extent, such as by assessing methods with
different sources of error such as a self-report FFQ against a
weighed food record.30
The association between intake estimates from two errorprone methods can be examined using the Bland-Altman
method, which was established for comparison of agreement between a new method and an existing method.93,94 It
examines the mean difference between methods across the
mean of the two methods and constructs limits of agreement,
reﬂecting the presence, direction, and extent of bias.30 A plot
of the mean difference versus the mean of the two methods
helps to visualize the bias and can show estimated intervals
within which 95% of the differences of the second method
compared with the ﬁrst one are expected to fall.95 Acceptable
limits must be deﬁned a priori, and may be based on the
desired use of the dietary assessment method (eg, to categorize individuals as low vs high consumers compared with
estimating absolute intake). Lombard and colleagues30 noted
challenges in identifying acceptable limits for the BlandAltman method given that these may differ from nutrient to
nutrient. Further, these authors found among the validation
studies they reviewed that “not one . that included Bland
Altman analyses considered the clinical importance of the
width of limits of agreement in their discussion and conclusions regarding the validity of the method being tested.” They
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indicated that such considerations be identiﬁed a priori,
considering the research question and population.30
In addition to the Bland-Altman technique and correlation
coefﬁcients, Lombard and colleagues30 identiﬁed four other
statistical techniques used in the dietary assessment validation literature. Two assess agreement at the group level;
these include paired t tests or Wilcoxon signed-rank tests and
examination of the mean percent difference between the
method being evaluated and the reference measure. It is
beneﬁcial to use these tests combined with a method such as
a Bland-Altman plot to assess bias. For example, one method
could consistently overestimate intake among persons with
low intakes and underestimate intake among persons with
high intakes; in this case, a paired t test might not suggest
signiﬁcant differences in estimates between the two tools,
but this does not indicate that the method is accurate. When
the goal of the method is to order participants, crossclassiﬁcation can be used to examine the concordance of
classiﬁcation by investigating the proportion of observations
falling in the same or opposite terciles according to two
methods. This reﬂects agreement between two methods at
the individual level.30 In addition, weighted k statistics are
commonly used for data ranked into categories and groups,
with a weighting used to account for the degree of
disagreement between methods.30
Used in combination, these tests can provide insight into
the properties of the method being evaluated against another
error-prone measure. Lombard and colleagues30 conducted
multiple statistical techniques using a test data set and found
that interpretation was challenging. The results of one test
may suggest a high degree of agreement whereas another
may not. This is possible because agreement at the group
level may be good whereas agreement at the individual level
may be poor.30 Further, ﬁndings may differ across dietary
components. Interpretation must, therefore, consider how
well the method measures the dietary construct that was
deﬁned a priori, and may be supported by the prior determination of content validity of the measure being tested as
well as criterion validity of the reference measure.
Articles reporting on studies of comparisons with criterion
and error-prone measures should detail and justify the
reference measure, address the time periods over which
intake was assessed by both the reference measure and the
method being validated, describe associated considerations
regarding the number and timing of method administrations,
specify the sample characteristics and context of administration, and describe and justify the statistical tests used.
When the method to be evaluated is compared with another
error-prone measure, this should be justiﬁed with a
description of prior work supporting the use of the latter
measure as a reference.

Does the Measure Produce Data that Are Precise and
Dependable? Testeretest reliability (which may be referred
to as repeatability or reproducibility) is related to the concept
of precision (also referred to as the technical error of measurement29) and refers to the extent to which repeated
measurements yield the same value. A common method for
assessing the reliability of a method such as an FFQ or
screener is to administer it two (or more) times to the same
participants, with administrations separated by a short interval. Each administration should be independent of the
November 2019 Volume 119 Number 11

RESEARCH
other and the results of the second administration should not
be inﬂuenced by the ﬁrst.33 Two weeks is considered sufﬁcient to ensure participants do not simply recall their original
responses, but not so extensive that usual dietary intake
might be expected to change.35 The intraclass correlation,
calculated as the ratio of between-person variation to total
variation,39 indicates relative reliability, or the degree to
which measurements vary among individuals. The values of
the intraclass correlation theoretically range from zero to
one, with those closer to one indicating stronger reliability.39
Interpretation of the intraclass correlation is context-speciﬁc
because the magnitude depends on between-person variability.39 A Bland-Altman plot can display the association
between the estimates from the two administrations.
Data from short-term tools such as recalls or records have
large day-to-day variation (referred to as undependability29);
therefore, by deﬁnition, their testeretest reliability is low.
This does not mean that the methods are poor, but rather that
averaging over repeat administrations is needed to estimate
usual intake. Statistical modeling drawing upon a small
number of replicate measures (at least two for dietary constituents consumed daily and potentially more for episodically consumed foods) is used to diminish the effects of
within-person variation on the estimate of usual intake.26
Estimates of reliability are useful in determining how many
repeat administrations are needed when the mean will be
used to estimate usual intake, as well as the extent to which
the estimation of the tails of distributions of usual intake will
be inﬂuenced by random measurement error.96
Another aspect of reliability relates to consistency within a
measure. Within measures, Cronbach’s a is commonly used
to assess how well individual items are related to one another
(called internal consistency reliability),35 representing interitem correlation. In a screener with multiple items intended
to capture related constructs, such as intake of different varieties or forms of fruit and vegetables, high internal consistency is expected.31 When a measure captures multiple
dimensions of diet, such as a diet quality index,89 Cronbach’s
a may be lower than that observed for unidimensional
measures.
Interrater reliability may be used to assess consistency
across observers in a study using observation to collect true
intake data, or between coders of 24HR or FR. For categorical
variables, the weighted k coefﬁcient is often used to assess
interrater reliability.
For studies of reliability, authors should note the aspects of
reliability of interest and why, the sample and context of
assessment, and the protocols and statistical tests used. For
testeretest reliability, the time period over which the measure was administered should be explained, as should any
considerations regarding the likelihood that intake changed
during that period due to variation in diet or confounding
factors.

Is the Measure Responsive to Change? Whether a
measure is sensitive to change has been called the responsiveness of a measure, ﬁrst raised by Guyatt and colleagues97
in regard to sensitivity of measures to clinically meaningful
change over time. Responsiveness has not been frequently
addressed in regard to nutrition- and diet-related measures.98 It is possible that the lack of detectable change
observed in dietary change interventions may relate to
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nonresponsiveness of the assessment method rather than
ineffectiveness of the intervention. Outside of dietary
assessment and drawing from psychosocial constructs, some
measures have been shown to be responsive to change,99-101
whereas others have not.102 When true change is not known,
one method of assessing responsiveness to change is to estimate the smallest detectable difference,97,103 which is the
average change in a measure over a speciﬁc time divided by
the standard error of the measurement error times the square
root of 2. This provides the smallest difference that the
measure can detect. Methods with large smallest detectable
differences would be relatively nonresponsive or insensitive
to detecting meaningful change. For example, some measures
otherwise shown to have good validity have been shown to
be responsive to change, whereas others are not.104 Measured
reliability may not be related to responsiveness.105
Some scales have been shown to be responsive to change in
longitudinal studies, but not in randomized clinical trials.102
Responsiveness also appears to relate to the number of
items included in a measure; in one study, responsiveness
was acceptable when the number of items in a quality of life
scale was reduced from ﬁve to two, but dropped precipitously
when reduced to one item,106 with potential implications for
brief measures intended to capture dietary constructs such as
fruit and vegetable intake. For measures of physical activity,
objective measures appear to be more responsive than selfreport methods, but only slightly so.107 With respect to diet,
one study indicated that some folate biomarkers were
responsive to change below a certain level, but not above
it.108
Further research is needed within the ﬁeld of dietary
assessment to assess methods for responsiveness and to
identify the smallest detectable difference to inform the
design of longitudinal and experimental studies. Articles
reporting responsiveness of a measure should specify the
measure, the nutrient or food group, the smallest detectable
difference, relevant characteristics of the sample, and any
contextual factors that may inﬂuence the measure (eg,
whether a trained dietitian or researcher guided the participants in providing the responses).

Does the Measure Produce Data that Are Equivalent
or Comparable across Populations? Considerations
regarding equivalence of dietary assessment methods and the
data they produce relate to the ability to compare ﬁndings
and synthesize evidence across studies in the nutrition surveillance, epidemiology, and intervention literature. In a
given study, there may a desire to collect comparable data in
multiple settings, such as across countries or other regions
that might be different regarding the composition of the
population in terms of culture or cuisine. In such a study, the
focus may be on creating a method suitable for use across
settings. For instance, for the purposes of the European Prospective Investigation into Cancer and Nutrition, a standardized protocol was developed to conduct 24HR.109 The
protocol allowed for the use of country-speciﬁc databases
reﬂecting differences in dietary patterns.110 Similarly, the
Automated Self-Administered 24-Hour Dietary Assessment
Tool was initially developed in English for use in the United
States and has been translated to Spanish for use with US
populations and adapted for Canada (English and French
versions) and Australia. The adaptations include the
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integration of foods and beverages commonly consumed in
each country, appropriate portion size measures, and a
nutrient database aligned with each country’s food supply.
Given the similarity in data collection processes, the different
interfaces for the Automated Self-Administered 24-Hour Dietary Assessment Tool are expected to collect data that are
largely comparable while allowing for country-speciﬁc eating
patterns, but this has not been formally tested. Research is
also needed to examine whether different populations react
to a given interface differently based on variations in understanding of the wording, social desirability bias, or other
factors.
Tailoring an FFQ to different populations can make it
difﬁcult to compare ﬁndings. This is because the foods and
beverages queried are likely appropriately different, and
there may be differences in the questionnaires’ design, such
as whether and how portion size information is collected,
how underlying databases are constructed, and/or how the
measure is administered.63 Studies with multiple FFQs may
require substantial harmonization efforts to arrive at comparable estimates for purposes of pooling data.
Articles reporting on assessments of comparability of
measures should describe the approach used in detail,
including information about the foods and portion sizes
queried, available response categories, the nutrient and food
group databases and how they were determined including
algorithms for missing items or inconsistent responses, and
characteristics of the sample and context of assessment.

3.

4.

Interpreting and Reporting the Findings of Validation
Studies. Interpretations of validity and reliability necessitate
the application of judgment, based on a priori decisions
regarding the performance of the method being validated.
The following guidelines are intended to help with transparency and clarity in the interpretation of dietary validation
studies:
1.

2.
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Inferences should be limited to the speciﬁc objectives
of the validation study, and the speciﬁc populations
and contexts in which it was conducted, in addition to
differentiating ﬁndings across dietary components.
Blanket statements regarding validity and reliability
should be avoided. For example, it is not appropriate
to conclude that a measure is valid and reliable based
on a study focused only on reliability. Likewise, it is
not appropriate to conclude that a measure has high
validity for measuring dietary intake when ﬁndings
differ according to different dietary components.
Validity is “viewed as a carefully structured argument
assembling evidence from a variety of sources to
support or refute proposed interpretations” of data
from a method.31 Thus, the totality of evidence,
including all tests and comparisons conducted, should
be weighed in relation to the purpose of the measure
and of the validation study, as well as the study’s
strengths and limitations. This includes considerations regarding the reference measure used to assess
validity. For example, in the case that a biased comparison measure is used to assess validity, the only
conclusion that can be reached is the extent to which
the data collected correspond to that collected using
the reference, not the extent to which the evaluated
JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS

5.

6.

7.

tool captures accurate data. When an unbiased criterion measure is used, stronger conclusions about the
potential value of the tool are warranted, subject to
caveats related to the study’s other strengths and
weaknesses. Kelly and colleagues34 refer to purpose
and context validity, referring to whether all assessments conducted indicate that the measure is “suitable for the proposed use and likely to allow the
research question to be answered” and the extent to
which the measure will provide useful information
given the proposed context.
Statistical tests should be interpreted with attention
to not only statistical signiﬁcance but also the meaningfulness of the results. Although cut-points, for
example, for correlation coefﬁcients and k values have
been proposed, their application to determine that a
tool is valid or reliable should be used cautiously with
consideration of the totality of the evidence and the
intended uses of the measure. For example, for studies
that assess criterion validity, attenuation and correlation values below 0.4 (reﬂective of estimation of a
true relative risk of 2 as 1.32, in the context of a
dietedisease study) have been viewed as undesirable,
but this is not a sharp cut-point.85 In addition, with
large samples, correlations may be statistically signiﬁcant, but have no practical signiﬁcance.
Inferences should be nuanced, recognizing that constructs such as validity and reliability operate on continuums from low to high, and degrees in between may
be appropriate depending on the research objective.
For example, a dietary assessment measure may capture intake accurately enough to allow differentiation
of high from low consumers, but not to compare intake
with sufﬁcient accuracy for comparison to nutrient
requirements or food group recommendations.
Inferences should reﬂect the characteristics of the
measure validated. Although a particular iteration of a
24HR or FR may have been shown to have high validity for capturing intake of a given dietary construct
in a given population over a speciﬁc period of time,
this may not be true for other variations of the
method; for example, using different modes of
administration.
Findings should be placed in the context of those from
similar studies to assess the potential value and uses
of the method compared with other available
methods. The links between different systems of validity provided here and in Frongillo and colleagues29
are intended to ensure that terms are clearly
explained and related to other terms that might be
used in articles reporting on other validation studies.
This should support appropriate interpretation and
synthesis of the literature.
Based on the study design and ﬁndings, authors
should describe potentially appropriate and inappropriate uses of the measure and features that may inﬂuence the design of studies proposing to use it. For
example, methods that capture diet with substantial
random error will generally lead to attenuation of
associations within epidemiologic research. Thus,
such tools may not be useful for this purpose unless
this error can be mitigated (eg, through the collection
November 2019 Volume 119 Number 11
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8.

of repeat measures and statistical modelling to adjust
for the random error26). In addition, ﬁndings from
validation studies can be useful for estimating the loss
of power due to measurement error (as error increases, the required sample size to achieve the same
level of statistical power also increases).111 Authors
should also be clear about what their ﬁndings do not
imply. For example, as noted, a comparison of two
error-prone measures cannot be used to conclude that
a method is valid but rather how it compares with the
measure that served as the reference.
Researchers making use of the literature to select and
justify a given measure should critically evaluate the
available validation studies and clearly and transparently convey the ﬁndings in subsequent publications. For example, stating that a method has been
shown to be valid or previously validated is insufﬁcient for readers to assess whether the method is
suitable for the given purpose and context.

Developers of new measures of dietary intake invest substantial time, energy, and ability in the belief their measure is
remedying an important need, and they may wish for their
measure to be used by others. There is, thus, the potential for
a high level of self-interest by maximizing the reporting of
accuracy and reliability while minimizing limitations of a
new method. For example, studies of comparative validation
have reported that correlations of 0.2 or 0.3 were statistically
signiﬁcant and “validated” the new measure. Although this
tendency can be easily understood at the human level, it does
not advance nutrition science. The envelope of data points
around a regression line for two measures at these levels of
correlation is enormous.29 Thus, using the new measure may
give very misleading ﬁndings. As a result, all reports of a
validation study should report the phenomenon measured,
the criterion used, the relevant sample characteristics,
contextual factors of assessment, all tests conducted, and the
ﬁndings. For example, one might report: This FFQ for
measuring total energy intake, self-completed in a school
classroom, was signiﬁcantly correlated at 0.52 against
doubly-labeled water among Hispanic children, aged 12-15
years. This detailed statement gives indications of both the
level of conﬁdence one might have in the new measure, and
the groups to which the ﬁndings generalize. The ﬁndings so
reported enable a user to consider whether limitations may
be in the new measure, or in the participants’ ability to
respond (or both). Completeness in reporting the results of
validation studies will enhance the science, especially among
future users of the method who will now have more context
by which to consider which available measure best meets
their needs.

CONCLUSIONS
The validation of self-report dietary assessment measures is
challenging but the application of the best practices
described here can advance our knowledge of the suitability
of different methods for speciﬁed uses. As noted by Freedman
and colleagues,85 “dietary self-reporting is currently indispensable for population surveillance of dietary intake, many
studies of interventions to modify dietary intake, and most
studies of diet-health outcome relationships. Knowledge of
the measurement properties of self-report instruments is
November 2019 Volume 119 Number 11

required to interpret the results of studies that rely on such
instruments.” Better characterization and understanding of
the properties of tools also has the potential to support
improved measure selection and implementation, thereby
strengthening the overall nutrition literature and efforts to
support healthy eating patterns and overall health.
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