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ABSTRACT

Error in self-reported food and beverage intake affects the accuracy of dietary intake data. Systematically synthesizing available data on contributors
to error within and between food groups has not been conducted but may help inform error mitigation strategies. In this review we aimed to
systematically identify, quantify, and compare contributors to error in estimated intake of foods and beverages, based on short-term self-report
dietary assessment instruments, such as 24-h dietary recalls and dietary records. Seven research databases were searched for studies including
self-reported dietary assessment and a comparator measure of observed intake (e.g., direct observation or controlled feeding studies) in healthy
adults up until December 2021. Two reviewers independently screened and extracted data from included studies, recording quantitative data
on omissions, intrusions, misclassifications, and/or portion misestimations. Risk of bias was assessed using the QualSyst tool. A narrative synthesis
focused on patterns of error within and between food groups. Of 2328 articles identified, 29 met inclusion criteria and were included, corresponding
to 2964 participants across 15 countries. Most frequently reported contributors to error were omissions and portion size misestimations of
food/beverage items. Although few consistent patterns were seen in omission of consumed items, beverages were omitted less frequently
(0–32% of the time), whereas vegetables (2–85%) and condiments (1–80%) were omitted more frequently than other items. Both under- and
overestimation of portion size was seen for most single food/beverage items within study samples and most food groups. Studies considered and
reported error in different ways, impeding the interpretation of how error contributors interact to impact overall misestimation. We recommend
that future studies report 1) all error contributors for each food/beverage item evaluated (i.e., omission, intrusion, misclassification, and portion
misestimation), and 2) measures of variation of the error. The protocol of this review was registered in PROSPERO as CRD42020202752 (https:
//www.crd.york.ac.uk/prospero/). Adv Nutr 2022;13:2620–2665.

Statement of Significance: This review is, to our knowledge, the first to examine contributors to error in dietary intake estimation within
and between food groups. Although there was inconsistency in measures across studies, some patterns in tendency for omission or
substantial portion misestimation were identified according to food group. Portion misestimation made a large contribution to dietary intake
measurement error; however, more variation in error existed within food groups and within individual studies than between food groups.
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Introduction
Self-reported dietary intake data collected using short-term
instruments, such as 24-h dietary recall interviews and
dietary records, is a central part of population nutrition

surveillance (1). Limitations of these instruments lead to
error in the measurement of dietary intake data and therefore
the quality of the surveillance. Much of the measurement
error in data collected using short-term instruments, such as
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24-h dietary recall interviews, is random error, which can be
partially accounted for using repeat measures and statistical
modeling (2). In contrast, without an objective measure (e.g.,
a recovery biomarker or measure of true intake), systematic
error cannot be mitigated (3); therefore, an understanding
of the contributors to systematic error is required to develop
instruments in which this source of error is minimized.

Many studies of dietary intake measurement error have
focused on evaluating the difference between energy intakes
derived from self-reported dietary intake data and energy
expenditure or estimated energy requirements (4–7). These
methods of identifying error in energy intake estimation
assume good alignment between energy intake and expendi-
ture, and make various other assumptions, for example, about
physical activity levels (4), and the length of the observation
required to obtain a representative estimate (8). Although
the estimation of energy intake is often poorly assessed
using short-term self-report instruments (9), other dietary
components, such as protein and potassium, seem to be
assessed with lower levels of measurement error (10, 11).
Therefore, a broader understanding of measurement error
is required, beyond the accuracy of energy intake estimation
alone.

Biomarker-based studies have quantified systematic and
random error present in the estimation of energy and selected
nutrients from short-term dietary assessment instruments
(9–11). Less investigation has taken place into the types of
foods and beverages for which intake is misestimated by
participants and how the misestimation arises. Such inves-
tigation requires a comparator measure of food and beverage
intake, which can be collected using direct observation by
researchers, or controlled feeding studies where food weights
are known. Studies using observation or known weights
have provided evidence that patterns of measurement error
differ according to food type. For example, compared with
observed intake weights, snacks, beverages, and condiments
(12, 13), and in some studies, vegetables (14, 15), were subject
to greater omission relative to other types of food. Thus, it is
likely that measurement error is differential across different
foods and beverages, and the type and form of food may be
an important factor.

Food and beverage intake is multidimensional and dy-
namic, and assessment instruments are selected based on the
purpose, context, and population (3). A number of cognitive
domains are thought to be involved when a participant
is reporting dietary intake, including attention, perception,
working memory, conceptualization of memory, and re-
sponse formulation (16–18). Given the cognitive challenge
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of accurately recalling and reporting dietary intake for
participants, error may be affected by administration mode
of the dietary assessment instrument (interviewer compared
with self-administered), the number of foods being assessed,
the time between consumption and reporting, and how well
any portion size aids apply to the foods consumed. Thus,
error in the measurement of food or beverage intake occurs
during an interaction between a participant and the selected
dietary assessment instrument. This interaction is affected by
the characteristics of the instrument, how burdensome it is,
and the degree of alignment of the instrument with cognitive
capabilities of the target population.

Figure 1 depicts the process of accurate assessment of
dietary intake, and the possible contributors to error during
this process. This process is applicable to open-ended short-
term self-report dietary assessment methods, such as 24-
h dietary recall interviews or dietary records. In controlled
feeding or direct observation studies to evaluate self-report
instruments, actual food and beverage intake is known to
researchers. As the food weight is known, these studies
enable the examination of measurement error by type of
food, as well as accuracy of portion size estimation. In
these studies, contributors to error in dietary reporting (14,
15, 19) have been considered in terms of the following
factors: 1) intrusion, also known as addition, which is a
food or beverage item that is reported but not consumed;
2) omission, also known as deletion or exclusion, which is a
food or beverage item that is consumed but not reported; 3)
misclassification, also known as a close or far match, which
is a similar (e.g., in the same food grouping) but inaccurate
description of the characteristics of the consumed food or
beverage; and 4) portion misestimation, also known as a mass
error or quantity over-/underestimation, which is a difference
between the weight of the consumed and reported food
or beverage. Intrusion and omission constitute systematic
error, as they result in a deviation from the true value in a
consistent direction (estimates in excess of the true value for
intrusions, below the true value for omissions). In contrast,
misclassification and portion misestimation can result in
both random and systematic deviations from the true value.
For example, a milk that is very low in fat may tend to be
misclassified as having a higher fat content, and this would be
systematic error. On the other hand, regular-fat milk may be
misclassified as high fat or low fat by different participants. A
small feeding study indicated systematic differences in these
error contributors across food groups and across individuals.
For example, portion misestimation accounted for 99% of the
misestimation of energy intake from sweets (confectionery,
sweetened spreads, syrups), but only 20% of the error for
vegetables (19). The frequency and extent of these error
contributors within and between food groups could enable
better understanding of characteristics of dietary assessment
instruments that lead to measurement error. However, to our
knowledge no previous studies have synthesized the evidence
on the presence and extent of contributors to measurement
error, according to foods and beverages.
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FIGURE 1 Processes of accurate food and beverage reporting, illustrating the stages at which each error contributor can arise.

Therefore, this study aimed to summarize the evidence on
the contributions of intrusions, omissions, misclassifications,
and portion misestimations on measurement error in dietary
intake data collected using short-term instruments.

Methods
This review was conducted and reported according to the
PRISMA (Preferred Reporting Items for Systematic reviews
and Meta-Analyses) 2020 statement (20). We referred to
the SWiM (Synthesis Without Meta-analysis) reporting
guideline to inform reporting in this review (21). Before
screening commenced the study protocol was registered with
PROSPERO (https://www.crd.york.ac.uk/prospero/), an in-
ternational prospective register of systematic reviews, with
the registration ID CRD42020202752.

Publication inclusion criteria
Studies were selected for review using the PICOS (pop-
ulation, intervention, comparison, outcome, study design)
criteria (Table 1). Briefly, included studies involved healthy
adults (aged ≥18 y) who had self-reported their dietary
intake for a specific date and time, using either open-ended
(e.g., dietary records or 24-h dietary recall interviews) or
closed-ended methods (e.g., a food checklist). A comparator
reference measure of observed food/beverage intake (e.g.,
direct observation, video recording, or controlled feeding
studies) must also have been included. A detailed description
of study inclusion and exclusion criteria can be found
in Table 2.

Search strategy
Searches were conducted in the following scientific
databases, given the topic matter, including all available
dates up until December 2021: Ovid (including MEDLINE
and PsychInfo), EBSCOHOST (including CINAHL),

Scopus, Web of Science Core Collection, ProQuest Theses
and Dissertations, and Open Grey. A combination of
subject headers and keywords were used in Medline,
CINAHL, and PsychInfo (Supplementary Table 1).
In Web of Science, Scopus, Proquest, and Open Grey,
the searches used keywords only (Supplementary Table
1). Reference lists of included articles were checked to
identify additional eligible studies. Searches were piloted to
assess whether they could identify 4 clearly eligible studies
(12–15), and refined to ensure the 4 eligible studies were
detected.

Study selection
Database results were imported into Covidence C© systematic
review software (22), and duplicate results were automatically
removed. Two reviewers (CW and CRG) independently
screened titles and abstracts of all retrieved papers, con-
stituting a double-screening process. To ensure reviewer
consistency in applying the inclusion and exclusion criteria
and reduce the number of conflicting judgements arising,
a prescreening training was conducted using 10 articles.
The full text of each potentially relevant publication was
assessed for study eligibility by 2 reviewers independently,
and conflicts were resolved by the principal investigator
(DAK).

Data extraction
A data extraction form was developed and piloted by
the 2 reviewers. After refinements to outcome descriptors,
the form was used to collect study descriptors, sample
characteristics, dietary assessment methods, and study out-
comes. The 2 reviewers independently extracted all available
information on the details of the food/beverage items and
the form in which they were served, from published tables,
text, and menus. Data were extracted on the 4 error
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TABLE 1 PICOS criteria for inclusion of studies

Criterion Description

Population Healthy adults aged ≥18 y, noninstitutionalized
Intervention A measure of self-reported intake of the foods/beverages consumed at a specific date and time, using either

open-ended (e.g., dietary records or 24-h dietary recall interviews) or closed-ended methods (e.g., an FFQ or
food checklist)

Comparison A measure of observed food/beverage intake (e.g., direct observation, video recording, or controlled feeding
studies), contemporaneous with the self-report measure

Outcome Quantitative assessment of the error within food groups, contributing to discrepancy between self-reported and
observed intake (e.g., difference in grams or as a percentage between observed and reported intake;
proportion of observed items omitted from reports)

Study design Observational studies published as research articles, conference papers, and proceedings, and theses in English
language

contributors (intrusions, omissions, misclassifications, and
portion misestimation) (Figure 1), as well as total error.
We sought to extract quantitative information on error
contributors according to food/beverage type. Thus, where
possible, we extracted means/medians with a measure of
variation, such as SD, SE, IQR, and 95% CI, and any
related statistical test results. We also extracted descrip-
tive data for study samples, such as counts. Results of
demographic correlates of measurement error were also
extracted.

TABLE 2 Inclusion and exclusion criteria used by reviewers during
screening

Inclusion criteria
1. Research articles, conference papers/proceedings, theses,
dissertations
2. Published in English language
3. Observational studies comparing self-reported with observed
food/beverage intake
4. Self-reported intake of the foods/beverages consumed at a
specific date/time, for example food records, 24-h dietary recall
interviews, or a food checklist related to a recent eating occasion
5. Observed/true/known food/beverage intake is measured by
researchers in controlled feeding studies or estimated by
researchers using direct observation or indirect observation (e.g.,
video recording), or duplicate plates.
6. There is overlap between the timeframes of the actual intake
measurement and the self-reported intake measurement

Exclusion criteria
1. Conference abstracts, books, reports, reviews, editorials,
commentaries, letters to the editor, personal views, protocols
2. Studies in animals
3. In-patient populations e.g., hospitalized
4. Studies that do not include an objective measure of food and
beverage intake, such as biomarker studies (doubly labeled water,
urinary nitrogen) which assess error in misestimation of energy or
nutrient intake but not food/beverage intake
5. Reference measure provided by participant e.g., photographs
6. The self-report instrument assessed habitual/usual dietary intake
(such as FFQs), rather than the food eaten at a given date and time
7. Foods/beverages were seen by participants but not consumed
8. No results on specific food groups e.g., overall matches,
intrusions, omissions are reported without any breakdown by food
group (e.g., cereals, vegetables, snacks)

Study quality assessment
The QualSyst tool developed by the Alberta Heritage Foun-
dation for Medical Research (23) was selected to evaluate
study quality because of its breadth and relevance to quan-
titative observational studies. Eleven out of the 14 QualSyst
items were used, as 3 were not applicable (randomization,
confounding, and participant blinding). A score was assigned
by 2 reviewers independently (CW and CRG) to indicate the
extent to which each criterion was fulfilled (2 for fulfilling, 1
for partially fulfilling, and 0 for not fulfilling). Disagreements
between reviewers were resolved through discussion, and
with a third reviewer (MER) to arbitrate. The maximum score
a study could receive was 22.

Data synthesis
As a wide variety of foods were reported in studies, we
categorized individual food items into broad food groups
containing conceptually similar items of similar mass per
unit volume (beverages; bread and bread products; break-
fast cereals; cakes, desserts, and puddings; cheese; milk
products excluding cheese; composite dishes; condiments;
fruit; meat, fish, and eggs; nuts, seeds, and legumes;
rice, pasta, and other grains; potatoes; savory snacks;
soup; spreads; and vegetables). To evaluate the certainty
of findings, we considered measures of variation around
estimates rather than statistical significance based on P
values. Where necessary, SEs or SDs were converted into
CIs using standard formulas (24) to enable comparison of
similar food items between studies. We did not generate
pooled estimates by food group due to heterogeneity in
the form of the food. For example, within a single food
group, items could be served as single units, multiple
small pieces, or amorphous shapes (i.e., without a clearly
defined form). We generated forest plots and included
(when available) detailed descriptions of individual food
items to enable interpretation, which were stratified into
panels according to broad food group. In a narrative
synthesis, we described and summarized effect estimates
for intrusions, omissions, misclassifications, portion mises-
timations, and total error, making comparisons across food
groups.
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FIGURE 2 PRISMA 2020 flow diagram for new systematic reviews on study identification, screening, and inclusion. Adapted from (20).
PRISMA, Preferred Reporting Items for Systematic reviews and Meta-Analyses. CINAHL, Cumulative Index of Nursing and Allied Health
Literature.

Results
This section summarizes the following features of this
study 1) the characteristics of the included studies
and the assessment of risk of bias, 2) measures
and results extracted on intrusions, omissions,
misclassifications, portion misestimations, and total error,
and 3) results extracted on demographic correlates of
error.

Study selection
Database searches identified 2579 results, of which 251 were
duplicates (Figure 2). Title and abstract screening of the
remaining 2328 results led to exclusion of 2231 items. Full
texts of 97 articles were evaluated for eligibility. Of these, 18
were included. Two articles were based on the same study
sample, but each reported different outcome measures and
so were included as separate studies. Eleven further articles
were identified from reference lists of included articles.
As a result, 29 study reports were included (12–15, 19,
25–48).

Study characteristics
The characteristics of the 29 included study reports are
summarized in Table 3. Eleven studies took place in the
United States (14, 19, 27, 28, 32, 33, 36–40), 4 took place in
the United Kingdom (13, 30, 31, 47), and 2 in Canada (15,
41). The remaining 12 studies were conducted in Australia,

Belgium, Bolivia, Burkina Faso, Cameroon, Italy, Kenya,
Malawi, Nepal, New Zealand, South Korea, and Tunisia.
Most studies used a controlled feeding protocol at a research
center (n = 16) (13–15, 19, 27, 28, 30, 31, 33, 36–38, 40,
43, 44, 47). Ten studies used controlled feeding protocols
in other settings, including a restaurant (n = 2) (39, 45),
participant households (n = 6) (25, 26, 29, 34, 35, 48),
community center (n = 1) (46), and workplace (n = 1)
(32). Two studies used images captured passively from a
wearable camera as the comparator reference method (12,
42). One study used direct observation methodology in a
cafeteria (41). Nineteen of the controlled feeding studies
allowed ad libitum intake. The controlled feeding studies
tested varying numbers of food/beverage items, ranging
from 3 to >100 items. In 15 studies, participants served
food to themselves, rather than being served by researchers.
Only 8 studies provided information on how the food was
presented (14, 26–28, 30, 33, 37, 40), for example, in the
original packaging, on a plate with no packaging, or with
a label describing the contents/portion size, which provides
context on the level of detail a participant may be able
to provide during recall. Among the controlled feeding
studies that provided mixed dishes, none reported whether
standardized recipes had been used. In most studies, self-
reported dietary intake data were collected using interviewer-
administered recall interviews (n = 16), or self-administered
24-h dietary recall (n = 5). Studies captured dietary intake
over 1 d (n = 12), 1 meal/snack (n = 10), 3 d (n = 4),
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2 d (n = 2), or 2 meals (n = 1). Self-reported data were
collected immediately after eating (n = 3) or 1 d after eating
(n = 25). Standard food images were the most commonly
used portion size estimation aid (n = 18); 9 studies provided
printed images, 8 studies provided digital images, and 1 study
provided both printed and digital images. The number of
images per food varied by study from 1 to >10. In some
studies (n = 12), participants were able to indicate that the
portion they consumed fell between the displayed images,
rather than being restricted to selecting a displayed image
only.

Data from 2964 participants were included, with sample
sizes ranging from 12 to 361 participants across studies.
Most studies included men and women (n = 19), whereas
9 studies included only women (13, 26, 28, 29, 33, 36, 43,
46, 48), and 1 study included only men (19). Participants
aged 30–50 y were most commonly included, although 16
of the studies included participants aged ≥60 y. Fourteen
studies included participants with diverse weight status
(BMIs ranging from <25 to >30 kg/m2), whereas 10 studies
did not report the weight status of the participants.

Risk of bias assessment
The risk of bias in studies (assessed by the QualSyst tool)
ranged from 8 to 22 (median 18), of a maximum of 22
points (Table 4). The most frequently unfulfilled criteria were
“investigator blinding” and “appropriate sample size.” Seven
of the 29 studies reported that investigators collecting or
processing self-reported dietary intake data had not been
present during the collection of observed dietary intake data.
Only 2 studies reported a power calculation, and 7 studies
noted small sample size as a study limitation. Additionally,
in more than half of the studies, the participants did not
consume every food tested, further reducing the power when
all foods were not consumed. The study with the lowest-bias
assessment score (8) was reported as a short communication
(12), which was limited by word count on the level of detail
that could be included. No studies were excluded from the
systematic review based on their quality score.

Intrusion measures and results
Measures relating to intrusions of food items were reported in
7 studies (Table 5), but only 2 reported intrusions according
to food group (19, 43). Using variance decomposition
methods on the variance of the mean difference between
observed and reported intake, Rumpler et al. (19) reported
the proportion of variance in energy intake error within
a food group attributable to intrusions. The total variance
in error was calculated by summing the variance for each
of the 4 error contributors, plus the covariances for each
pair of contributors (e.g., the covariance between intrusion
and misclassification). In that study, intrusions contributed
to the greatest proportion of variance in error in intake of
meats (53%), followed by fruits and juices (46%), beverages
(23%), grains (11%), vegetables (4%), and other items (2%).
Intrusions contributed to no variance in error in intake
of dairy, fats and oils, and sweets (19). Kim et al. (43)

reported the mean number of intrusions for each food type.
Intrusions were found only for the condiment kimchi, which
was reported by 2 participants (out of 30) on occasions on
which it had not been served or consumed (43).

Three studies reported the average number of intrusions
per participant (14, 15, 28), 1 study provided the proportion
of intrusions (33), and 1 study reported the proportion of
participants with ≥1 intrusion (48). None of these studies
presented this information according to food type, which
may be because intrusions were low in frequency; thus,
comparisons across food groups were not possible.

Omission measures and results
Twelve studies reported measures of omission, using a range
of approaches (Table 5). Table 6 presents all results reported
on omission measures. Four studies reported the number of
times an item was omitted in relation to the number of times
it was offered (15, 28, 33, 43); of these, 2 studies reported
mean omission rates at the participant level (33, 43), but
only 1 included a measure of dispersion (33). Widaman et
al. (33) reported the variation in individual omission rates
within food groups, which was highest for sugars added to
foods/beverages (SD 50.0%), and lowest for food sources
of animal protein (SD 22.9%). Widaman et al. (33) also
reported the odds of omission for each food in comparison
with the average rate of omission. Higher odds of excluding
sugars added to foods/beverages (OR: 4.06; 95% CI: 2.88,
7.22) and nuts/seeds (OR: 1.80; 95% CI: 1.18, 2.76) were
observed compared with the overall study average (33). In
contrast, lower odds of excluding food sources of animal
protein were observed (OR: 0.29; 95% CI: 0.14, 0.61). Kim
et al. (43) provided estimates of mean omission rates by food
group from a 3-d study that included training on completing
dietary records and estimating portion size on day 2. Overall
omission rates were lower on day 3 of the study. Omission
rates were lowest for rice on days 2 and 3 (0%), and highest
for soup (15%, day 2) and spreads (14%, day 2) (43).

Two studies calculated omission rate using summed data
from the whole study sample, rather than a mean omission
rate at the participant level (15, 28). Lafrenière et al. examined
the contribution of omission to daily energy intake by food
group; the contribution was highest for snacks/drinks (6.2%
of energy intake), and lowest for vegetables in a salad
or mixed dish (0.7% of energy intake) (15). One study
reported the inverse of the omission rate, known as the match
rate, i.e., the total number of times an item was reported
divided by the total number of times it was consumed in
the study (47). Similarly, 1 study provided the percentage
frequency of observed foods/beverages that were reported
(13). Savory sauces and sugar added to foods/beverages were
underreported with the greatest magnitude, and snacks were
underreported to a greater extent than main meals (13).

Using variance decomposition methods on the variance of
the mean difference between observed and reported intake,
1 study reported the proportion of variance in energy intake
error within a food group that was attributable to omissions
(19). In that study, 64% of variance in error in grain intake
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TABLE 6 Results on items omitted in included studies reporting this outcome measure (n = 10), arranged according to self-report dietary
assessment instrument

Authors Omission-related outcome measure
Food/beverage items reported

in study Value

Interviewer-
administered
dietary recalls

Chan et al.,
2021 (42)

Counts of times excluded for most excluded items Vegetables 93

Savory sauces and condiments 73
Fruit 72
Confectionery 56
Breads and cereals 39
Milk/milk alternatives 52
Tea 40
Sugar-sweetened beverages 28
Coffee 26
Juice 14
Body-building and related

beverages
14

Garden et al.,
2018 (47)

Match rate, %, group totals (correctly reported/eaten ∗ 100) (values in
this table are derived; 100 minus proportion of matches)

Beans, lentils, peas (pulses) 10%

Beers and ciders 11%
Biscuits 17%
Breakfast cereals 8%
Cakes, pastries, buns, and savories 16%
Carbonated drinks 12%
Cheeses 14%
Condiments 32%
Confectionery (chocolate) 14%
Confectionery (non-chocolate) 4%
Eggs 17%
Fish 22%
Flours, grains, and starches 33%
Fruit 17%
Fruit juices 15%
Herbs and spices 48%
Ice cream 9%
Meat 11%
Milk, milk-based drinks, and

creams
2%

Nuts and seeds 29%
Oils 34%
Pasta 9%
Pizza 0%
Potato chips and potato products 13%
Potatoes 8%
Puddings and chilled dessert 20%
Rice 21%
Salt 80%
Sandwiches and breads 20%
Sauces 15%
Savory snacks 16%
Soups 11%
Spirits 7%
Spreading fats 10%
Squash and cordials 32%
Sugar and sweeteners 7%
Syrups and preserves 9%
Vegetables and vegetable dishes 9%
Water and drinks 19%
Wines 13%
Yogurts 19%

(Continued)
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TABLE 6 (Continued)

Authors Omission-related outcome measure
Food/beverage items reported

in study Value

Gemming and
Ni Mhurchu,
2016 (58)

Counts of times excluded Alcohol 7
Beverages 40
Breads/rice/cereals 23
Condiments 50
Dairy 18
Fruit and vegetables 47
Meat/fish/eggs 11
Other items 5
Snacks (e.g., biscuits, muesli bars,

and chips)
64

Kirkpatrick et
al., 2014 (14)

Omission rate, %, group total (omitted/eaten ∗ 100) Drinks 6%

Fruit and vegetables 27%
Sweets, snacks, and desserts 3%

Counts of times excluded for most excluded items Tomatoes 26
Mustard 17
Green and/or red pepper 19
Cucumber 14
Cheddar cheese 18
Lettuce 17
Mayonnaise 12

Rumpler et al.,
2008 (19)

Proportion of variance in energy (joules) error attributed to omission
error

Beverages 5%

Dairy 30%
Fruits and juices 26%
Grains 64%
Fats and oils 18%
Meats 0%
Other 27%
Sweets 0%
Vegetables 18%

Self-administered 24-h dietary recalls
Kirkpatrick et

al., 2014 (14)
Omission rate, %, group total (omitted/eaten ∗ 100) Drinks 5%

Fruit and vegetables 33%
Sweets, snacks, and desserts 13%

Counts of times excluded for most excluded items Tomatoes 42
Mustard 17
Green and/or red pepper 16
Cucumber 15
Cheddar cheese 14
Lettuce 12
Mayonnaise 9

Kirkpatrick et
al., 2019 (28)

Number of times excluded/number of times consumed, group total
Derived for this table: Omission rate, %, (omitted/eaten × 100)

ASA24, assisted by interviewer

Bread, white 9%
Broccoli, cooked 27%
Carrots, cooked 20%
Cheddar cheese 40%
Cookie 28%
Cucumber 69%
Garlic bread 55%
Lettuce 20%
Mayonnaise 53%
Mustard 58%

(Continued)
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TABLE 6 (Continued)

Authors Omission-related outcome measure
Food/beverage items reported

in study Value

Pasta with pesto sauce 29%
Red or green peppers 77%
Rice pilaf 29%
Sugar 37%
Tomatoes 51%
Vegetable lasagna 20%
Water, bottled, unsweetened 11%
White potato chips 23%
ASA24, unassisted by interviewer
Bread, white 13%
Broccoli, cooked 32%
Carrots, cooked 39%
Cheddar cheese 45%
Cookie 25%
Cucumber 69%
Garlic bread 63%
Lettuce 19%
Mayonnaise 49%
Mustard 77%
Pasta with pesto sauce 40%
Red or green peppers 71%
Rice pilaf 26%
Sugar 39%
Tomatoes 54%
Vegetable lasagna 19%
Water, bottled, unsweetened 19%
White potato chips 28%

Average consumed mass (g) among excluders, mean ± SE ASA24, assisted and unassisted
Tomatoes 12.3 ± 0.37
Red or green peppers 14.7 ± 0.55
Cucumber 5.75 ± 0.22
Cheddar cheese 12.1 ± 0.73
Lettuce 7.32 ± 0.80
Garlic bread 17.6 ± 1.19
Mustard 2.19 ± 0.07
Mayonnaise 6.25 ± 0.25
Rice pilaf 64.3 ± 4.72
Broccoli, cooked 45.9 ± 3.24
Pasta with pesto sauce 62.0 ± 4.49
Carrots, cooked 44.8 ± 3.50
Cookie 30.7 ± 2.64
Vegetable lasagna 108 ± 10.3
White potato chips 22.7 ± 1.14
Bread, white 29.0 ± 2.51
Sugar 11.1 ± 1.37
Water, bottled, unsweetened 342 ± 22.4

Average consumed energy (kcal) among excluders, mean ± SE Tomatoes 2.35 ± 0.07
Red or green peppers 1.47 ± 0.05
Cucumber 0.69 ± 0.03
Cheddar cheese 51.1 ± 3.10
Lettuce 1.14 ± 0.11
Garlic bread 66.9 ± 4.51
Mustard 1.47 ± 0.05
Mayonnaise 42.5 ± 1.73
Rice pilaf 87.4 ± 6.42
Broccoli, cooked 22.9 ± 1.62
Pasta with pesto sauce 179 ± 13.0
Carrots, cooked 22.4 ± 1.75
Cookie 124 ± 10.7
Vegetable lasagna 139 ± 13.3

(Continued)
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TABLE 6 (Continued)

Authors Omission-related outcome measure
Food/beverage items reported

in study Value

White potato chips 123 ± 6.16
Bread, white 40.0 ± 3.19
Sugar 43.1 ± 5.27
Water, bottled, unsweetened 0 ± 0

Lafrenière et al.,
2017 (57)

Omission rate, %, group total (omitted/eaten ∗ 100) BBQ sauce 19%

Blueberries 11%
Broccoli (as a side dish) 11%
Cauliflower (as a side dish) 11%
Celery (in a mixed dish) 53%
Cheddar cheese 37%
Chicken 23%
Coleslaw (as a side dish) 9%
Corn (in a mixed dish) 38%
Cranberries 23%
Cucumbers (as a side dish) 15%
Cucumbers (in a mixed dish) 85%
Feta cheese 77%
Mayonnaise 46%
Milk 17%
Milk shake 12%
Onions (in a mixed dish) 54%
Peppers (in a mixed dish) 53%
Potatoes (as a side dish) 13%
Raspberries 33%
Salsa 54%
Sweet bread/muffin 8%
Sweet potatoes (as a side dish) 66%
Tomatoes (as a side dish) 15%
Tomatoes (in a mixed dish) 23%
Vinaigrette 54%
Yogurt 10%

Mean contribution of omissions to daily energy intake (%) Vegetables in a salad or mixed dish 1%
Side vegetables 3%
Snacks/drinks 6%
Sauces 2%
Ingredients in a salad 4%

Widaman et al.,
2017 (33)

Average omission rate, %, mean ± SD (omitted/eaten ∗ 100) Dairy 12.1% ± 32.7%

Added fat 15.6% ± 36.4%
Fruit 21.5% ± 41.3%
Grain 15.1% ± 35.9%
Nuts/seeds 25.6% ± 43.9%
Animal protein 5.5% ± 22.9%
Added sugars 45.5% ± 50.0%
Vegetables 12.0% ± 32.6%

Odds of exclusion (OR, 95% CI) Dairy 0.68 (0.45, 1.01)
Added fat 0.94 (0.56, 1.60)
Fruit 1.37 (0.85, 2.21)
Grain 0.85 (0.59, 1.23)
Nuts/seeds 1.80 (1.18, 2.76)
Animal protein 0.29 (0.14, 0.61)
Added sugars 4.06 (2.28, 7.22)
Vegetables 0.65 (0.41, 1.03)

Dietary record
Chan et al.,

2021 (42)
Counts of times excluded for most excluded items Savory sauces and condiments 142

Vegetables 95
Confectionery 68
Fruit 56
Dairy and alternatives 55
Milk/milk alternatives 55

(Continued)
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TABLE 6 (Continued)

Authors Omission-related outcome measure
Food/beverage items reported

in study Value

Alcohol 32
Tea 29
Sugar-sweetened beverages 28
Coffee 22

Kim et al., 2021
(43)

Average omission rate, %, mean (omitted/eaten ∗ 100) Beverages, day 1 10.0%

Beverages, day 2 6.7%
Beverages, day 3 0.0%
Fruits, day 1 10.0%
Fruits, day 2 13.3%
Fruits, day 3 2.2%
Grains, day 1 4.7%
Grains, day 2 3.0%
Grains, day 3 1.1%
Kimchi, day 1 3.3%
Kimchi, day 2 5.0%
Kimchi, day 3 1.1%
Meat, fish, eggs, and beans, day 1 9.2%
Meat, fish, eggs, and beans, day 2 10.0%
Meat, fish, eggs, and beans, day 3 0.0%
Rice, day 1 5.0%
Rice, day 2 0.0%
Rice, day 3 0.0%
Side dishes, day 1 5.7%
Side dishes, day 2 7.8%
Side dishes, day 3 1.3%
Snacks, day 1 3.3%
Snacks, day 2 4.0%
Snacks, day 3 3.1%
Soup, day 1 8.3%
Soup, day 2 15.0%
Soup, day 3 2.2%
Spreads, day 1 10.0%
Spreads, day 2 14.4%
Vegetables, day 1 6.6%
Vegetables, day 2 5.5%
Vegetables, day 3 1.8%

was due to omission, whereas no more than 30% of the
variance in error was attributed to omission in other food
groups. Omissions did not contribute to variance in error in
intake of meats and sweets (19).

Three studies reported counts of the number of times
items were excluded for various food items (12, 14, 42).
Kirkpatrick et al. (14) reported that additions to main items
or ingredients rather than main items were more frequently
omitted. For example, the most commonly omitted item
was tomato (in salad and in sandwiches), followed by
mustard (in sandwich), green and/or red pepper (in a salad),
cucumber (in a salad), cheddar cheese (grated in salad),
lettuce (green salad), and mayonnaise (in a sandwich) (14).
Gemming et al. (12) reported that snacks (e.g., biscuits,
muesli bars, and chips), followed by condiments and fruit
and vegetables, were the most frequently omitted items (12).
In a study using both a dietary record and an interviewer-
administered 24-h dietary recall, Chan et al. (42) reported
that savory sauces and condiments and vegetables were the

most commonly omitted items from both methods, but were
omitted to a greater extent with the dietary record (42).
Other omission measures reported were the proportion of
participants with ≥1 omission (48) and the number of people
making omissions (44) (Table 6).

Figure 3 displays the omission rates from the 6 studies in
which this measure was reported or derived for this review
(14, 15, 28, 33, 43, 47). Among these studies, 3 provided
participants with ad libitum intake of foods and beverages
(14, 28, 47) and 3 provided preportioned items (15, 33, 43).
Most items were omitted less than one-third of the time. The
highest omission rates (>50%) were observed for vegetables,
condiments, cheese, and bread and bread products. Some
food groups included very broad ranges of omission rates,
such as vegetables (vegetables not further specified, 2%;
cucumber, 85%). Broad ranges of omission rates were also
observed for condiments (kimchi, 1%; mustard, 77%; salt,
80%), cheese (cheese not further specified, 14%; feta cheese,
77%), and bread products (bread, 3%; garlic bread 63%). For

Error contributors in food and beverage estimation 2645
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FIGURE 3 Bubble plot of omission rates (proportion of times omitted/observed ∗ 100) by food group in n = 6 studies [K14 (14), K19 (28),
W (33), Ga (47), L (57), K (43)]. ASA24, Automated Self-Administered 24-h dietary recall system; AMPM, interviewer-administered
Automated Multiple-Pass Method recall; Int 24HR, interviewer-administered 24-h recall; R24W, self-administered web-based 24-h dietary
recall; Record, dietary record.

vegetables, this broad range appeared to be related to how
the vegetable was prepared and served (Figure 4). Vegetables
within composite dishes such as salads or sandwiches tended
to have higher omission rates than vegetables served as a side
dish to a main meal.

A narrower range of omission rates was observed for
beverages (beverages not further defined, 0%, cordials, 32%),
dairy excluding cheese (yogurt, 10%; yogurt, 19%), snacks
(sweets, snacks, and desserts, 2%; nuts and seeds, 29%),
fruit (fruits not further defined, 2%; raspberries, 33%), and
pasta/grains (rice, 0%; pasta with pesto, 40%) (Figure 3). The
variation and the limited number of data points in most food
groups makes generalization difficult; however, beverages
tended to be among the least frequently omitted items.

Misclassification measures and results
Two studies reported misclassifications according to food
groups (19, 43) (Table 5). Examples of misclassifications
were reporting of fried chicken as baked chicken (19),
and reporting of soup with spinach as soup with another

vegetable (43). Rumpler et al. (19) reported that misclas-
sification contributed to the greatest proportion of energy
misestimation among items in the “other” category (soups,
nut butters, and frozen dairy desserts) (42%), followed
by vegetables (40%), beverages (11%), dairy (9%), meats
(8%), fats and oils (3%), grains (2%), and sweets (1%).
Misclassification did not contribute to any error in intake of
fruits and juices (19). Kim et al. (43) reported the proportion
of close and far matches for each food group for each of
3 study days, and found that misclassification error was
consistently present among side dishes (in 9–19% of items
reported), and consistently absent among rice, grains, or
kimchi. Misclassification error was low for beverages (0–3%
of items) and variable among other food groups (43).

In 4 studies, foods and beverages reported by participants
were coded as exact matches, close matches, or far matches
(14, 15, 28, 33). None of these studies reported the proportion
of exact, close, and far matches by food group, which may
be because misclassifications were low in frequency; thus,
comparisons across food groups were not possible.

2646 Whitton et al.



Fo
od

ite
m

re
po

rt
ed

Cucumbers, mixed dish 
Red or green peppers, in salad

Cucumber, in salad 
Sweet potatoes, side 

Onions, in a mixed dish 
Peppers, in a mixed dish 

Celery, in a mixed dish
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Carrots, cooked
Broccoli, cooked

Tomatoes, in a mixed dish 
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Vegetables & vegetable dishes

Vegetables, day 1
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FIGURE 4 Bubble plot of omission rates (proportion of times omitted/observed ∗ 100) among vegetables reported in n = 5 studies [K19
(28), W (33), Ga (47), L (57), K (43)]. ASA24, Automated Self-Administered 24-h dietary recall system; Int 24HR, interviewer-administered
24-h recall; R24W, self-administered web-based 24-h dietary recall; Record, dietary record.

Portion misestimation measures and results
Seventeen studies reported measures of portion size misesti-
mation (Table 5), the most common of which was the mean
difference between the estimated and observed weight of
consumed items (n = 13). This mean difference was reported
as grams/ounces in 8 studies (14, 26–28, 30, 32, 40, 44), as a
percentage/ratio of observed intake in 9 studies (25–27, 30,
31, 33, 38, 41, 44), and as both grams and a percentage in 5
studies (26, 27, 30, 40, 44). Among the 8 studies reporting the
difference between observed and estimated intake in grams,
6 studies reported a measure of dispersion (SDs, n = 3; SEs,
n = 1; 95% CIs, n = 3). Four studies reported P values
evaluating the difference between observed and estimated
intake in grams (paired tests, n = 3; linear regression, n = 1).
One study reported the portion misestimation in grams
as an absolute difference between consumed and reported
amount, but did not indicate the direction ( 32). Figures 5A
and 5B present the data extracted on portion misestimation
as difference in grams, according to food groups, between
observed and estimated weights, from the 6 studies reporting

a difference with a measure of dispersion. Results from
Kirkpatrick et al. (14) are not presented in the figure as
they originate from the same data as the Kirkpatrick et al.
(27) study. In general, across food groups, estimates were
within 50 g of the observed weight, but variable in direction
(underestimates and overestimates). Fruits and vegetables
were more often overestimated than underestimated. Within
each food group, the majority of items had estimates with
CIs that included zero, and this occurred for food items
tested with larger sample sizes (n > 50), as well as those
tested with smaller sample sizes. Exceptions included meats,
in which single-unit items were significantly underestimated
but other forms of meat were significantly overestimated;
spreads (margarine), for which most items were significantly
overestimated; and potato chips (2 data points), which were
significantly underestimated.

The broadest CIs were observed for beverage items,
indicating that across almost all studies there was between-
participant variation in whether items were under- or
overestimated. Greater magnitude of misestimations was

Error contributors in food and beverage estimation 2647



FIGURE 5 Mean differences in grams between estimated and observed weights of foods/beverages the following studies (n = 6):D (44),
He (40), Hu (26), K16 (27), K19 (28), and N (30), presenting portion misestimation (observed minus estimated) with a measure of dispersion.
The x-axis shows the food/beverage name, the sample size (n), the method, and the study. Results from (14) are not presented as they
originate from the same data as (27). CIs were not reported, but derived from P values, SEs, or SDs for the following studies: (26, 30, 40, 44).
Methods used: ASA24, AMPM, and Portion ID. The following groups are included: added sugar; beverages; bread and bread products;
breakfast cereals (A); cakes, desserts, puddings; cheese; composite dishes; condiments (B); fruit; meat, fish, eggs; milk products (excluding
cheese); potatoes and potato products (C); rice, pasta, and other grains; savory snacks; spreads; vegetables (D). ASA24, Automated
Self-Administered 24-h dietary recall system; AMPM, interviewer-administered Automated Multiple-Pass Method recall; Portion ID, portion
identification using photograph atlas.
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observed in food groups in which items tended to be
of greater mass or be consumed in greater amounts. For
example, among composite dishes across studies, shepherd’s
pie (cooked minced meat topped with mashed potato) was
the item with the largest overestimate (110 g; 95% CI: 63, 157)
(30) whereas beef stew was the largest underestimate (−76 g;
95% CI: −110, −42) (30). Broad variation in estimates was
also seen with beverages, with the largest overestimates for
cow’s milk, 2% fat (84 g; 95% CI: −1040, 1200) and coffee
(72 g; 95% CI: 11, 132) and the largest underestimates for
cola (−90 g; 95% CI: −450, 269) and cow’s milk, 1% fat
(−42 g; 95%: CI −95, 10) (Figure 5A). There were no obvious
patterns in portion misestimation according to dietary as-
sessment method (e.g., interviewer administered compared
with self-administered; use of portion size estimation aids)
or according to observation method.

Seven of the 9 studies reporting portion misestimation as
a percentage or ratio of observed intake (25–27, 30, 31, 33,
38, 41, 44) reported a measure of dispersion (SDs, n = 3;
SEs, n = 2; 95% CIs, n = 1; P25, P75, n = 1), and 1
study reported P values (linear regression). Figures 6A and
6B present the percentage difference between observed and
estimated weights, according to food groups, from the 6
studies reporting a difference with a measure of dispersion
from which a CI could be ascertained. In most food groups,
most estimates were within ∼50% of the observed amount.
However, in all food groups, there were estimates with
CIs covering ±50% of the observed amount. Particularly
large overestimates were observed among spreads and in
the vegetables group, with estimates of some salad items
(cucumber, tomatoes) close to twice the amount observed.
CIs were broader for items that were typically consumed in
smaller quantities or had smaller mass (such as condiments,
added sugar, raw salad vegetables).

Using variance decomposition techniques on the variance
of the mean difference between observed and reported
intake, 1 study reported the proportion of variance in
energy intake error of a food group attributable to portion
misestimation error (19). Portion misestimation contributed
to the greatest proportion of variance in error in estimated
energy intake in sweets (99%), followed by fats and oils
(75%), beverages (60%), dairy (55%), meats (41%), fruit
and juices (27%), grains (26%), other (23%), and vegetables
(20%) (19). Although substantial variation was observed in
the distribution of error contributors between food groups,
portion misestimation contributed to the largest proportion
of error in 6 of the 9 food groups (19).

Two studies reported the proportion of portion size
estimations that were correct, over- and underestimated
within each food group (34, 43). In 1 of those studies, rice
tended to be overestimated whereas beverages tended to be
underestimated (43). In the other study, stew, sauce, and meat
were most frequently overestimated whereas leguminous
food, cereal, and fish most frequently underestimated (34).
Amorphous foods were overestimated and underestimated
to the same extent, whereas for solid foods, there were sig-
nificantly more overestimates than underestimates of portion

size (P < 0·05) (34). Portion sizes were estimated correctly
(within 10% of observed amounts) significantly more often in
relation to clearly defined solid foods, compared with sauces
and amorphous foods (P < 0.05) (34).

Two studies presented results according to the form of
the food (27, 32). According to Subar et al. (32) amorphous
foods (i.e., without a clearly defined shape) were difficult
to estimate, whereas single unit foods were easiest to
estimate. Kirkpatrick et al. (27) reported that amorphous
or soft foods were overestimated by ∼20% using the
interviewer-administered Automated Multiple-Pass Method
recall (AMPM).

Total error measures and results
One study (19) reported the contribution of intrusion,
omission, misclassification, and portion misestimation to
total error within food groups using variance decomposition
methods on the variance of the mean difference between
observed and reported intake. Portion misestimation con-
tributed to the largest proportion of variance in error in
6 of the 9 food groups. Overall, omissions and portion
misestimations each contributed to approximately one-third
of the total error (19).

Nine studies reported total measurement error by food
group but did not partition the error according to omis-
sion, intrusion, misclassification, and portion misestimation
(19, 29, 35–37, 45–48). Eight studies evaluated portion
size estimation aids rather than food/beverage recall and
portion size estimation; therefore, intrusion, omission, and
misclassification errors were not applicable, as participants
were asked to recall portion sizes only (26, 30–32, 34, 39–41).

Four studies presented total error as a difference in grams
between estimated and observed weights (29, 37, 45, 46)
(Figure 7). Most food and beverage items were reported
to within 50 g of the observed amount. Items that were
statistically significantly overestimated originated from 1
study (45) and included cheeses, carrot, steak, and veal. The
same study also contributed the most underestimated item
(rice). Other dense staples (potato, spaghetti, porridge) were
among items that were significantly underestimated.

Eight studies reported the difference between estimated
and observed weight as a percentage/ratio of observed
intake (Table 7). Within food groups, there was little
evidence of consistency in the direction of estimations (over
compared with under). An exception was with cheese and
milk products, for which all data points (n = 7) indicated
overestimation, and savory snacks, which tended to be un-
derestimated. In general, there were small sample sizes, broad
variations in estimates within studies, and few statistically
significant findings. The magnitude of proportional error was
highest in the condiments group and nuts/seeds group, for
which serving sizes are typically small.

Demographic correlates of error
Twelve studies assessed demographic correlates of measure-
ment error (14, 15, 26, 30, 31, 34, 36, 38, 41, 44–46), of
which 9 studies assessed the association of sex/gender with
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FIGURE 6 Percentage differences between estimated and observed weights of food in studies (n = 6) [Ha (25), He (40), K16 (27), N (30),
We (41), and W (33)] presenting portion misestimation (observed − estimated/observed × 100) with a measure of dispersion. The x-axis
shows the food/beverage name, the sample size (n), the method, and the study. CIs were not reported, but derived from P values, SEs, or
SDs for the following studies: (25, 30, 33, 40, 41). Methods used: ASA24, AMPM, and Portion ID. The following groups are included: added
sugar; beverages; bread and bread products; breakfast cereals(A); cakes, desserts, puddings; cheese; composite dishes; condiments (B);
fruit; meat, fish, eggs; milk products (excluding cheese); potatoes and potato products (C); rice, pasta, and other grains; savory snacks;
spreads; vegetables (D). ASA24, Automated Self-Administered 24-h dietary recall system; AMPM, interviewer-administered Automated
Multiple-Pass Method recall; Portion ID, portion identification using photograph atlas.
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Beverage (soft drink, lemonade, water, or tea), 456ml glass, n=45, Int 24HR (37)
Beverage (soft drink, lemonade, water, or tea), 285ml glass, n=21, Int 24HR (37)
Beverage (soft drink, lemonade, water, or tea), 228ml glass, n=26, Int 24HR (37)

Fresh cheese, n=30, Int 24HR (45)
White cheese, n=22, Int 24HR (45)

Carrots, n=23, Int 24HR (45)
Steak, n=44, Int 24HR (45)

Berna cheese, n=39, Int 24HR (45)
Chopped veal, n=19, Int 24HR (45)

Minestrone, n=27, Int 24HR (45)
Kidney bean stew, n=300, Int 24HR, actual food (46)

Mixed nuts, 9oz bowl, n=44, Int 24HR (37)
Water, n=300, Int 24HR, actual food (46)

Bananas, single unit, n=300, Int 24HR, atlas (46)
Salsa, 10oz jar, n=46, Int 24HR (37)

Roast beef, n=19, Int 24HR (45)
Bananas, single unit, n=300, Int 24HR, actual food (46)

Groundnuts, n=300, Int 24HR, actual food (46)
Beverages , n=19, Int 24HR (29)

Spinach, n=19, Int 24HR (45)
Leafy vegetables , n=17, Int 24HR (29)

Beverage (soft drink, lemonade, water, or tea), 580ml bottle, n=99, Int 24HR (37)
Mixed salad, n=19, Int 24HR (45)

Vegetables , n=198, Int 24HR (29)
Cassava , n=19, Int 24HR (29)

Flavoured tortilla chips, 64oz bowl, n=24, Int 24HR (37)
Bread , n=26, Int 24HR (29)

Popcorn, 6oz bag, n=25, Int 24HR (37)
Mixed ham and salami, n=33, Int 24HR (45)

Meat , n=48, Int 24HR (29)
Egg , n=15, Int 24HR (29)

Tortilla chips, 32oz bowl, n=25, Int 24HR (37)
Potatoes , n=80, Int 24HR (29)

Potato chips, 32oz bowl, n=27, Int 24HR (37)
Pasta, n=18, Int 24HR (45)

Popcorn, 16oz bowl, n=24, Int 24HR (37)
Tortilla chips, 16oz bowl, n=25, Int 24HR (37)

Green leafy vegetable stew, n=300, Int 24HR, actual food (46)
Green leafy vegetable stew, n=300, Int 24HR, atlas (46)

Noodles , n=43, Int 24HR (29)
Flavoured tortilla chips, 9oz bag, n=24, Int 24HR (37)

Rice , n=43, Int 24HR (29)
Popcorn, 64oz bowl, n=24, Int 24HR (37)
Groundnuts, n=300, Int 24HR, atlas (46)

Potatoes, n=20, Int 24HR (45)
Kidney bean stew, n=300, Int 24HR, atlas (46)

Green salad, n=19, Int 24HR (45)
Spaghetti, n=37, Int 24HR (45)

Nsima (cornmeal porridge), shaped, n=300, Int 24HR, atlas (46)
Fish, n=16, Int 24HR (45)

Water, n=300, Int 24HR, atlas (46)
Nsima (cornmeal porridge), shaped, n=300, Int 24HR, actual food (46)

Rice, n=23, Int 24HR (45)

-150 -100 -50 0 50 100 150

Total measurement error, observed minus estimated weight in grams  (95% CI)

FIGURE 7 Mean difference in grams between estimated and observed weights of food in studies reporting total measurement error
(n = 4). The x-axis shows the food/beverage name, the sample size (n), the method, and the study. CIs were not reported, but derived
from P values, SEs, or SDs for the following studies: (37, 46). Data from (29) are medians. Method used: Int 24HR (interviewer-administered
24-h recall method).

error. Using a printed photograph atlas with 8 images of
each food, Nelson et al. (30) found that men tended to
overestimate portion sizes more than women, and that older
men (>65 y) tended to overestimate portion sizes more than
younger men. These analyses were controlled for portion
sizes, as smaller portion sizes tend to be overestimated,
and larger portion sizes tend to be underestimated (30).
Kirkpatrick et al. (14) reported some gender differences using
the Automated Multiple Pass Method (AMPM). Men but
not women underestimated vegetables (by −0.47 cups; 95%
CI: −0.84, −0.10) and sugars added to foods/beverages (by
−.69 teaspoons; 95% CI: −8.58, −0.81), whereas women but

not men overestimated milk (by 0.22 cups; 95% CI: 0.03,
0.41) (14). Wein et al. (41) found no difference in reporting
accuracy between men and women for 36 foods, but found
that women overestimated intake of boiled potatoes to a
greater extent and overestimated coffee and tea to a lesser
extent than men. In contrast, 6 studies (15, 31, 34, 38,
44, 45) reported no association between gender/sex and
food/beverage measurement error.

Some studies also assessed the association of age, across
a broad range (20–71 y; 35–64 y; 18–65 y) (15, 38, 45),
and weight status (15, 30, 36), but found no association
with measurement error. Using digital images and actual

Error contributors in food and beverage estimation 2657



TA
BL

E
7

Pe
rc

en
ta

ge
di

ffe
re

nc
e

be
tw

ee
n

es
tim

at
ed

an
d

ob
se

rv
ed

w
ei

gh
ts

of
fo

od
s/

be
ve

ra
ge

s
in

st
ud

ie
s

re
po

rt
in

g
to

ta
lm

ea
su

re
m

en
te

rr
or

(n
=

8)
1

Fo
od

s
an

d
b

ev
er

ag
es

2

D
iff

er
en

ce
b

et
w

ee
n

es
ti

m
at

ed
an

d
ob

se
rv

ed
w

ei
g

h
ts

,%
M

ea
su

re
of

d
is

p
er

si
on

St
at

is
ti

ca
lly

si
gn

ifi
ca

n
t

d
iff

er
en

ce
3

n
Se

lf
-r

ep
or

tm
et

h
od

So
ur

ce

Ad
de

d
su

ga
r

A
dd

ed
su

ga
rs

an
d

sw
ee

ts
31

—
—

27
In

t2
4H

R
(4

8)
Su

ga
r

−1
1

—
—

25
In

t2
4H

R
an

d
W

D
R

(4
7)

Al
co

ho
lic

be
ve

ra
ge

s
Be

er
s

an
d

ci
de

rs
12

—
—

25
In

t2
4H

R
an

d
W

D
R

(4
7)

Sp
iri

ts
−1

9
—

—
10

In
t2

4H
R

an
d

W
D

R
(4

7)
W

in
es

−3
—

—
28

In
t2

4H
R

an
d

W
D

R
(4

7)
Be

ve
ra

ge
s,

no
na

lc
oh

ol
ic

Be
ve

ra
ge

(s
of

td
rin

k,
le

m
on

ad
e,

w
at

er
,o

rt
ea

),
22

8-
m

L
gl

as
s

26
95

%
C

I:
−2

0,
71

<
0.

05
26

In
t2

4H
R

(3
7)

Be
ve

ra
ge

(s
of

td
rin

k,
le

m
on

ad
e,

w
at

er
,o

rt
ea

),
28

5-
m

L
gl

as
s

25
95

%
C

I:
−1

9,
69

<
0.

05
21

In
t2

4H
R

(3
7)

Be
ve

ra
ge

(s
of

td
rin

k,
le

m
on

ad
e,

w
at

er
,o

rt
ea

),
45

6-
m

L
gl

as
s

35
95

%
C

I:
−2

7,
98

<
0.

05
45

In
t2

4H
R

(3
7)

Be
ve

ra
ge

(s
of

td
rin

k,
le

m
on

ad
e,

w
at

er
,o

rt
ea

),
58

0-
m

L
bo

tt
le

2
95

%
C

I:
−1

,5
N

S
99

In
t2

4H
R

(3
7)

Be
ve

ra
ge

s
2

—
>

0.
05

19
In

t2
4H

R
(2

9)
Be

ve
ra

ge
s

(t
ea

,c
oc

oa
an

d
co

ffe
e)

70
—

—
19

In
t2

4H
R

(4
8)

C
ar

bo
na

te
d

dr
in

ks
−2

2
—

—
28

In
t2

4H
R

an
d

W
D

R
(4

7)
Fr

ui
tj

ui
ce

s
−2

2
—

—
28

In
t2

4H
R

an
d

W
D

R
(4

7)
Le

m
on

ad
e,

7-
oz

−1
1

95
%

C
I:
−3

1,
9

N
S

10
In

t2
4H

R,
N

W
(3

6)
Le

m
on

ad
e,

7-
oz

−1
4

95
%

C
I:
−3

9,
11

N
S

10
In

t2
4H

R,
O

W
(3

6)
Le

m
on

ad
e,

12
-o

z
8

95
%

C
I:
−6

,2
2

N
S

10
In

t2
4H

R,
N

W
(3

6)
Le

m
on

ad
e,

12
-o

z
7

95
%

C
I:
−5

,1
9

N
S

10
In

t2
4H

R,
O

W
(3

6)
M

ilk
&

m
ilk

−b
as

ed
dr

in
ks

an
d

cr
ea

m
s

−2
8

—
—

55
In

t2
4H

R
an

d
W

D
R

(4
7)

Sq
ua

sh
an

d
co

rd
ia

ls
−7

—
—

18
In

t2
4H

R
an

d
W

D
R

(4
7)

W
at

er
−2

2
—

<
0.

00
1

30
0

In
t2

4H
R

(4
6)

W
at

er
an

d
dr

in
ks

−2
1

—
—

58
In

t2
4H

R
an

d
W

D
R

(4
7)

Br
ea

d
an

d
br

ea
d

pr
od

uc
ts

Br
ea

d
5

95
%

C
I:
−8

,2
1

N
S

25
In

t2
4H

R
(3

5)
Br

ea
d

−2
—

0.
05

0
26

In
t2

4H
R

(2
9)

Sa
nd

w
ic

he
s

an
d

br
ea

ds
−7

—
—

58
In

t2
4H

R
an

d
W

D
R

(4
7)

Br
ea

kf
as

tc
er

ea
ls

−1
8

—
—

45
In

t2
4H

R
an

d
W

D
R

(4
7)

Ca
ke

s,
de

ss
er

ts
,p

ud
di

ng
s

Bi
sc

ui
ts

−1
4

—
—

38
In

t2
4H

R
an

d
W

D
R

(4
7)

C
ak

e
60

95
%

C
I:
−4

6,
16

6
N

S
15

In
t2

4H
R,

N
W

(3
6)

C
ak

e
5

95
%

C
I:
−4

,1
4

N
S

15
In

t2
4H

R,
O

W
(3

6)
C

ak
es

,p
as

tr
ie

s,
bu

ns
an

d
sa

vo
rie

s
1

—
—

28
In

t2
4H

R
an

d
W

D
R

(4
7)

Ic
e

cr
ea

m
9

—
—

25
In

t2
4H

R
an

d
W

D
R

(4
7)

Pu
dd

in
gs

an
d

ch
ill

ed
de

ss
er

t
1

—
—

18
In

t2
4H

R
an

d
W

D
R

(4
7)

Sw
ee

tp
ro

du
ct

s
−5

95
%

C
I:
−2

7,
9

N
S

26
In

t2
4H

R
(3

5)
Ch

ee
se

C
he

es
es

5
—

—
46

In
t2

4H
R

an
d

W
D

R
(4

7)

(C
on

tin
ue

d)

2658 Whitton et al.



TA
BL

E
7

(C
on

tin
ue

d)

Fo
od

s
an

d
b

ev
er

ag
es

2

D
iff

er
en

ce
b

et
w

ee
n

es
ti

m
at

ed
an

d
ob

se
rv

ed
w

ei
g

h
ts

,%
M

ea
su

re
of

d
is

p
er

si
on

St
at

is
ti

ca
lly

si
gn

ifi
ca

n
t

d
iff

er
en

ce
3

n
Se

lf
-r

ep
or

tm
et

h
od

So
ur

ce

Be
rn

a
ch

ee
se

49
—

<
0.

05
39

In
t2

4H
R

(4
5)

W
hi

te
ch

ee
se

62
—

<
0.

05
22

In
t2

4H
R

(4
5)

Fr
es

h
ch

ee
se

89
—

<
0.

05
30

In
t2

4H
R

(4
5)

M
ilk

pr
od

uc
ts

ex
cl

ud
in

g
ch

ee
se

D
ai

ry
64

—
—

22
In

t2
4H

R
(4

8)
D

ai
ry

pr
od

uc
ts

2
95

%
C

I:
1,

10
<

0.
05

29
In

t2
4H

R
(3

5)
Yo

gu
rt

s
7

—
—

32
In

t2
4H

R
an

d
W

D
R

(4
7)

Co
m

po
sit

e
di

sh
es

Ki
dn

ey
be

an
st

ew
−1

7
—

<
0.

00
1

30
0

In
t2

4H
R

(4
6)

Pi
zz

a
−1

2
—

—
12

In
t2

4H
R

an
d

W
D

R
(4

7)
G

re
en

le
af

y
ve

ge
ta

bl
e

st
ew

−9
—

<
0.

00
1

30
0

In
t2

4H
R

(4
6)

Co
nd

im
en

ts
Co

nd
im

en
ts

−1
9

—
—

48
In

t2
4H

R
an

d
W

D
R

(4
7)

Fa
ts

55
—

—
29

In
t2

4H
R

(4
8)

H
er

bs
an

d
sp

ic
es

13
—

—
48

In
t2

4H
R

an
d

W
D

R
(4

7)
M

ay
on

na
is

e
13

95
%

C
I:
−1

0,
36

N
S

14
In

t2
4H

R,
N

W
(3

6)
M

ay
on

na
is

e
40

95
%

C
I:
−3

1,
11

1
N

S
10

In
t2

4H
R,

O
W

(3
6)

O
ils

−3
9

—
—

47
In

t2
4H

R
an

d
W

D
R

(4
7)

Sa
la

d
dr

es
si

ng
17

95
%

C
I:
−1

3,
47

N
S

28
In

t2
4H

R,
N

W
(3

6)
Sa

la
d

dr
es

si
ng

33
95

%
C

I:
−2

6,
92

N
S

36
In

t2
4H

R,
O

W
(3

6)
Sa

ls
a,

10
-o

z
ja

r
27

95
%

C
I:
−2

1,
76

<
0.

05
46

In
t2

4H
R

(3
7)

Sa
lt

−7
1

—
—

33
In

t2
4H

R
an

d
W

D
R

(4
7)

Sa
uc

es
−5

6
—

—
36

In
t2

4H
R

an
d

W
D

R
(4

7)
Co

nf
ec

tio
ne

ry
Co

nf
ec

tio
ne

ry
(n

on
ch

oc
ol

at
e)

−1
0

—
—

4
In

t2
4H

R
an

d
W

D
R

( 4
7)

Co
nf

ec
tio

ne
ry

(c
ho

co
la

te
)

−3
—

—
37

In
t2

4H
R

an
d

W
D

R
(4

7)
Fr

ui
t

Ba
na

na
s

6
—

N
S

30
0

In
t2

4H
R

(4
6)

Fr
ui

t
−2

5
—

—
55

In
t2

4H
R

an
d

W
D

R
(4

7)
Fr

ui
ts

4
95

%
C

I:
−1

7,
26

N
S

21
In

t2
4H

R
(3

5)
Fr

ui
ts

75
—

—
19

In
t2

4H
R

(4
8)

M
ea

t,
fis

h,
eg

gs
A

ni
m

al
pr

od
uc

ts
−1

0
95

%
C

I:
−2

2,
1

N
S

30
In

t2
4H

R
(3

5)
C

ho
pp

ed
ve

al
20

—
<

0.
05

19
In

t2
4H

R
(4

5)
Eg

g
−7

—
0.

03
15

In
t2

4H
R

(2
9)

Eg
gs

−2
—

—
33

In
t2

4H
R

an
d

W
D

R
(4

7)
Fi

sh
−4

2
—

<
0.

05
16

In
t2

4H
R

(4
5)

Fi
sh

8
—

—
39

In
t2

4H
R

an
d

W
D

R
(4

7)
M

ea
t

−1
5

—
—

54
In

t2
4H

R
an

d
W

D
R

(4
7)

M
ea

t
−5

—
>

0.
05

48
In

t2
4H

R
(2

9)
M

ea
ts

84
—

—
4

In
t2

4H
R

(4
8)

M
ix

ed
ha

m
an

d
sa

la
m

i
−3

—
>

0.
05

33
In

t2
4H

R
(4

5)
Ro

as
tb

ee
f

9
—

>
0.

05
19

In
t2

4H
R

(4
5)

Sl
ic

ed
tu

rk
ey

,2
-o

z
30

95
%

C
I:
−2

3,
83

N
S

18
In

t2
4H

R,
N

W
(3

6)

(C
on

tin
ue

d)

Error contributors in food and beverage estimation 2659



TA
BL

E
7

(C
on

tin
ue

d)

Fo
od

s
an

d
b

ev
er

ag
es

2

D
iff

er
en

ce
b

et
w

ee
n

es
ti

m
at

ed
an

d
ob

se
rv

ed
w

ei
g

h
ts

,%
M

ea
su

re
of

d
is

p
er

si
on

St
at

is
ti

ca
lly

si
gn

ifi
ca

n
t

d
iff

er
en

ce
3

n
Se

lf
-r

ep
or

tm
et

h
od

So
ur

ce

Sl
ic

ed
tu

rk
ey

,2
-o

z
50

95
%

C
I:
−3

9,
13

9
N

S
17

In
t2

4H
R,

O
W

(3
6)

Sl
ic

ed
tu

rk
ey

,4
-o

z
0

95
%

C
I:

0,
0

N
S

15
In

t2
4H

R,
N

W
(3

6)
Sl

ic
ed

tu
rk

ey
,4

-o
z

−1
8

95
%

C
I:
−4

2,
6

<
0.

01
17

In
t2

4H
R,

O
W

(3
6)

St
ea

k
46

—
<

0.
05

44
In

t2
4H

R
(4

5)
N

ut
s,

se
ed

s,
le

gu
m

es
G

ro
un

dn
ut

s
−2

5
—

<
0.

00
1

30
0

In
t2

4H
R

(4
6)

Le
gu

m
es

/n
ut

s
11

3
—

—
35

In
t2

4H
R

(4
8)

M
ix

ed
nu

ts
,9

-o
z

bo
w

l
39

95
%

C
I:
−3

0,
10

7
<

0.
05

44
In

t2
4H

R
(3

7)
N

ut
s

an
d

se
ed

s
18

0
—

—
11

In
t2

4H
R

an
d

W
D

R
(4

7)
Ri

ce
,p

as
ta

,a
nd

ot
he

rg
ra

in
s

Fl
ou

rs
,g

ra
in

s,
an

d
st

ar
ch

es
−5

8
—

—
12

In
t2

4H
R

an
d

W
D

R
(4

7)
N

oo
dl

es
−5

—
>

0.
05

43
In

t2
4H

R
(2

9)
N

si
m

a
(c

or
nm

ea
lp

or
rid

ge
)

−1
2

—
<

0.
00

1
30

0
In

t2
4H

R
(4

6)
Pa

st
a

19
95

%
C

I:
11

,5
4

<
0.

05
19

In
t2

4H
R

(3
5)

Pa
st

a
−1

2
—

—
35

In
t2

4H
R

an
d

W
D

R
(4

7)
Pa

st
a

−3
—

>
0.

05
18

In
t2

4H
R

(4
5)

Ri
ce

−5
0

—
<

0.
05

23
In

t2
4H

R
(4

5)
Ri

ce
4

—
—

27
In

t2
4H

R
an

d
W

D
R

(4
7)

Ri
ce

−7
—

<
0.

00
1

43
In

t2
4H

R
(2

9)
Sp

ag
he

tt
i

−2
4

—
<

0.
05

37
In

t2
4H

R
(4

5 )
St

ar
ch

y
fo

od
s

93
—

—
41

In
t2

4H
R

(4
8)

Po
ta

to
es

an
d

tu
be

rs
Po

ta
to

es
2

95
%

C
I:
−1

7,
21

N
S

7
In

t2
4H

R
(3

5)
Po

ta
to

es
−1

8
—

<
0.

05
20

In
t2

4H
R

(4
5)

Po
ta

to
es

−6
—

—
47

In
t2

4H
R

an
d

W
D

R
(4

7)
Po

ta
to

es
−6

—
0.

03
2

80
In

t2
4H

R
(2

9)
C

as
sa

va
−2

—
>

0.
05

19
In

t2
4H

R
(2

9)
Sa

vo
ry

sn
ac

ks
Fl

av
or

ed
to

rt
ill

a
ch

ip
s,

9-
oz

ba
g

−1
1

95
%

C
I:
−3

1,
9

N
S

24
In

t2
4H

R
(3

7)
Fl

av
or

ed
to

rt
ill

a
ch

ip
s,

64
-o

z
bo

w
l

26
95

%
C

I:
−2

0,
73

N
S

24
In

t2
4H

R
(3

7)
Po

pc
or

n,
6-

oz
ba

g
1

95
%

C
I:
−1

,2
N

S
25

In
t2

4H
R

(3
7)

Po
pc

or
n,

16
-o

z
bo

w
l

−2
0

95
%

C
I:
−5

5,
15

<
0.

05
24

In
t2

4H
R

(3
7)

Po
pc

or
n,

64
-o

z
bo

w
l

−3
7

95
%

C
I:
−1

02
,2

8
<

0.
05

24
In

t2
4H

R
(3

7)
Po

ta
to

ch
ip

s
an

d
po

ta
to

pr
od

uc
ts

−1
2

—
—

28
In

t2
4H

R
an

d
W

D
R

(4
7)

Po
ta

to
ch

ip
s,

32
-o

z
bo

w
l

−7
95

%
C

I:
−1

9,
5

N
S

27
In

t2
4H

R
(3

7)
Sa

vo
ry

sn
ac

ks
−1

0
—

—
43

In
t2

4H
R

an
d

W
D

R
(4

7)
To

rt
ill

a
ch

ip
s,

16
-o

z
bo

w
l

−1
1

95
%

C
I:
−3

1,
9

<
0.

05
25

In
t2

4H
R

(3
7)

To
rt

ill
a

ch
ip

s,
32

-o
z

bo
w

l
−1

95
%

C
I:
−2

,1
N

S
25

In
t2

4H
R

(3
7)

So
up

M
in

es
tr

on
e

6
—

>
0.

05
27

In
t2

4H
R

(4
5)

So
up

−2
1

95
%

C
I:
−4

2,
0

<
0.

00
1

27
In

t2
4H

R,
N

W
(3

6)
So

up
−2

95
%

C
I:
−6

,2
N

S
28

In
t2

4H
R,

O
W

(3
6)

(C
on

tin
ue

d)

2660 Whitton et al.



TA
BL

E
7

(C
on

tin
ue

d)

Fo
od

s
an

d
b

ev
er

ag
es

2

D
iff

er
en

ce
b

et
w

ee
n

es
ti

m
at

ed
an

d
ob

se
rv

ed
w

ei
g

h
ts

,%
M

ea
su

re
of

d
is

p
er

si
on

St
at

is
ti

ca
lly

si
gn

ifi
ca

n
t

d
iff

er
en

ce
3

n
Se

lf
-r

ep
or

tm
et

h
od

So
ur

ce

So
up

s
10

—
—

29
In

t2
4H

R
an

d
W

D
R

(4
7)

Sp
re

ad
s

Sy
ru

ps
an

d
pr

es
er

ve
s

9
—

—
41

In
t2

4H
R

an
d

W
D

R
(4

7)
Sp

re
ad

in
g

fa
ts

18
—

—
54

In
t2

4H
R

an
d

W
D

R
(4

7)
Ve

ge
ta

bl
es

Be
an

s,
le

nt
ils

,p
ea

s
(p

ul
se

s)
−1

2
—

—
32

In
t2

4H
R

an
d

W
D

R
(4

7)
C

ar
ro

ts
30

—
<

0.
05

23
In

t2
4H

R
(4

5)
G

re
en

sa
la

d
−4

3
—

<
0.

05
19

In
t2

4H
R

(4
5)

Le
af

y
ve

ge
ta

bl
es

9
—

>
0.

05
17

In
t2

4H
R

(2
9)

M
ix

ed
sa

la
d

−1
—

>
0.

05
19

In
t2

4H
R

(4
5)

Sp
in

ac
h

3
—

>
0.

05
19

In
t2

4H
R

(4
5)

To
ss

ed
sa

la
d,

8
oz

−1
0

95
%

C
I:
−2

8,
8

N
S

25
In

t2
4H

R,
N

W
(3

6)
To

ss
ed

sa
la

d,
8

oz
−5

95
%

C
I:
−1

4,
4

N
S

17
In

t2
4H

R,
O

W
(3

6)
To

ss
ed

sa
la

d,
12

oz
−2

1
95

%
C

I:
−5

8,
16

N
S

11
In

t2
4H

R,
N

W
(3

6)
To

ss
ed

sa
la

d,
12

oz
−3

95
%

C
I:
−8

,2
N

S
23

In
t2

4H
R,

O
W

(3
6)

Ve
ge

ta
bl

es
4

95
%

C
I:
−7

,1
6

N
S

28
In

t2
4H

R
(3

5)
Ve

ge
ta

bl
es

73
—

—
38

In
t2

4H
R

(4
8)

Ve
ge

ta
bl

es
−5

—
0.

03
9

19
8

In
t2

4H
R

(2
9)

Ve
ge

ta
bl

es
an

d
ve

ge
ta

bl
e

di
sh

es
−8

—
—

57
In

t2
4H

R
an

d
W

D
R

(4
7)

1
N

S,
no

ts
ta

tis
tic

al
ly

si
gn

ifi
ca

nt
;I

nt
24

H
R,

in
te

rv
ie

w
er

-a
dm

in
is

te
re

d
24

-h
di

et
ar

y
re

ca
ll

in
te

rv
ie

w
;W

D
R,

w
ei

gh
ed

di
et

re
co

rd
,I

nt
24

an
d

W
D

R,
av

er
ag

e
of

re
po

rt
s

fro
m

re
ca

lls
an

d
w

ei
gh

ed
di

et
re

co
rd

;O
W

,o
ve

rw
ei

gh
t;

N
W

,n
or

m
al

w
ei

gh
t

2
In

di
vi

du
al

fo
od

s
an

d
be

ve
ra

ge
s

ar
e

w
or

de
d

as
re

po
rt

ed
in

ar
tic

le
s.

Fo
od

gr
ou

pi
ng

s
w

er
e

de
vi

se
d

by
th

e
au

th
or

s
of

th
e

sy
st

em
at

ic
re

vi
ew

.
3
Ba

se
d

on
P

va
lu

es
fro

m
pa

ire
d

te
st

s,
or

C
Is

fo
rg

ra
m

di
ffe

re
nc

e.

Error contributors in food and beverage estimation 2661



food as portion size estimation aids, Flax et al. (46) found
no difference between groups according to education level
(≤4 y or ≥5 y) or urban/rural residence for proportions
of portion size estimations within 20% of the observed
weight. In contrast, Huybregts et al. (26) reported lower
likelihood of selecting the correct portion size from a printed
photographic atlas displaying 4 images of each food among
participants who had not attended school compared with
those who had attended school (OR 0.52; 95% CI: 0.38, 0.72),
controlled for portion sizes consumed. In the same study,
pregnancy status and village of residence were not associated
with selecting the correct portion size (26). Godwin et al.
reported that ethnicity (African American or white) was not
associated with measurement error (38).

Discussion
In the current systematic review, more variation in error
existed within food groups and within individual studies
than between food groups. Although there was inconsistency
in measures across studies, some patterns in tendency
for omission or substantial portion misestimation were
identified according to food group.

Data were synthesized from 29 studies, with most studies
using a 24-h dietary recall as the self-report method, and
controlled feeding as the comparator method. Broad varia-
tion existed in study duration, ranging from 1 meal/snack
to 3 d, and in the characteristics of the self-report method
and portion size estimation aids. Furthermore, each type
of self-report method and portion size estimation aid likely
contributes to measurement error in a unique way, and the
interaction between each method and any given popula-
tion will likely vary. As such, the diversity of self-report
methods, portion size estimation aids, comparator methods,
and study populations introduces biases that cannot be
accounted for in this review. Characterizing contributors to
measurement error in consistent ways across studies could
enable synthesis to inform instrument development and
improvement. Furthermore, few studies partitioned error
according to all 4 contributors simultaneously (omissions,
intrusions, misclassifications, and portion misestimations);
thus, the relative importance of each contributor could not
be clearly ascertained. Similarly, the potential counteracting
or compounding effects, such as underestimation caused by
omission being compensated for by portion size overestima-
tion, could not be clearly ascertained.

Average portion misestimation and overall group-level
omissions were the most commonly reported outcome mea-
sures, although with omissions, there was little consistency
between studies in the unit used to report this outcome
measure. In general, the studies in this review did not report
how much variation existed between participants in relation
to omissions of items, and whether any trends in portion
misestimation existed among individuals who tended to omit
items. Most studies focused on portion misestimation or total
measurement error. Despite the lack of cohesive evaluation of
all error contributors simultaneously, some findings emerged

that may be useful in the development of dietary assessment
instruments and methods.

Beverages appeared to be less frequently omitted overall
than most foods. Beverages such as carbonated drinks
have been considered a commonly misestimated item (49).
As such, 24-h dietary recall protocols are designed to
contain probes for forgotten beverages (50), which may
have contributed to the lower omission among beverages
observed in this review. Despite lower frequency of omission,
beverages appear to be one of the most difficult items to
quantify accurately, possibly because of the variation in sizes
and shapes of containers they are served in.

Among some key food groups, the way foods are served
appears to be a more important driver of measurement error
than the food itself. For example, meats had a tendency for
over- or underestimation depending on the form (e.g., single
unit, slices) in which they were served. Some vegetable and
condiment items were omitted more than half of the time in
some studies (15, 28, 47). The high omission rates of some
vegetables seemed to be related to their inclusion as part of
a composite dish such as a salad or sandwich, rather than
as a side of a main meal. For example, Kirkpatrick et al.
reported that vegetables, cheese, and condiments in salads
and sandwiches were the most frequently omitted items
(14). Conceivably, participants may not have noticed such
items within mixed dishes, self-report dietary assessment
instruments may not have asked for details of individual
ingredients, or participants may not have been aware of the
need to report them. This combination of factors represents a
challenge in the future development of dietary assessment in-
struments, particularly in populations frequently consuming
complex mixed dishes.

There was little consistency between studies on the
magnitude of portion misestimation errors within groups of
specific foods and beverages. For example, the between-study
variation in reporting amounts of some foods and beverages
[such as rice pilaf: +47 g; 95% CI: 16, 79 g (27) compared with
rice: −28 g; 95% CI: −2, −54 g (26)] was greater than the
variation between some food groups. Large between-person
variation, indicated by wide CIs, is often due to the high SEs
seen with small sample sizes. However, we did not observe
a consistent pattern whereby food/beverage items examined
with larger sample sizes had narrower CIs. In fact, in some
cases, the width of the CI appeared to be related to the food
rather than the sample size. For example, with rice, pasta, and
other grains, the CI width in each study was similar despite
sample sizes ranging from 21 to 132. This finding suggests
that portion size estimation accuracy between individuals for
some foods is highly variable, and not mitigated by larger
sample sizes. In support of this, a recent study reported that
almost 90% variability in portion size estimation accuracy
was unexplained or random, and not accounted for by food
group or individual (51).

In the comparison of omission rates across food groups
in this review, there was no indication that cakes, desserts,
and puddings; savory snacks; or confectionery were more
commonly omitted than healthier items such as fruits and
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vegetables. This finding suggests that items omitted from
24-h dietary recalls are not those perceived to be unhealthy
or socially undesirable to report. In contrast, several studies
have suggested that participants selectively omit high-fat
or “unhealthy” foods (13, 52, 53). Taken together with
the findings on beverages and vegetables, the evidence
in this review suggests that omissions from self-reported
dietary data are items that are less visible to participants,
as opposed to items that are perceived as being unhealthy.
The implication for developers of dietary assessment in-
struments is that items which are consumed unnoticed
cannot be retrieved from memory and are outside the scope
of what a participant can detail while reporting dietary
intake.

Evidence on demographic correlates of measurement
error were sought in this review, but few were identified. Six
of the 9 studies in this review examining gender/sex found
no association with measurement error, whereas 2 found
evidence of poorer portion size estimation among men (14,
30). Similarly, there was inconsistency among studies that
asked participants to estimate the quantities of unconsumed
food, with some reports of women being better at estimating
food portions than men (54–56). Why gender would be
associated with portion size estimation accuracy is unclear,
although a suggested reason is differences in time spent
on food preparation and cooking (55). Further research is
needed on the cause of this variation and how such factors
can be accounted for in the design of dietary assessment
instruments.

Overall, a low risk of bias was identified among included
studies, with small sample sizes and lack of reporting on
investigator blinding the most common sources of bias.
Controlled feeding studies typically have small sample sizes
given the cost and burden of study procedures. As most
feeding studies in this review allowed ad libitum intake,
not every participant consumed every food item, so sample
sizes for individual food items were often lower than the
total study sample. However, there seemed to be a trend
for more recent studies to use larger samples sizes, >300
participants (28, 34, 46). The other potential source of bias
among included studies was that investigators conducting
and analyzing 24-h dietary recalls may have been aware what
items and amounts participants had actually consumed. In
most studies, this part of the study design was not explained,
so it could have been accounted for but not reported, and it
is recommended that in future studies the authors explicitly
state this component of the study design. The essential
element of a study design that would best assess the con-
tributions to systematic error is a controlled feeding design,
in which the true weight of the prepared food/beverage
is known, as this approach is the least biased, and this
design was utilized by most studies included in this review.
Observational studies in which the food and beverage weight
is estimated but items are not weighed are likely to have
errors, particularly in portion size estimation by the trained
observer. It is our recommendation that future studies use
a controlled feeding study design to minimize errors in

portion size estimation and allow a more comprehensive data
interrogation.

Strengths and Limitations
To our knowledge, this is the first systematic review of con-
tributors to error in self-reported food and beverage intake.
The review included a comprehensive search of several large
databases, and despite narrow inclusion criteria, included 29
studies and 2964 participants from 15 countries, covering all
continents. We did not include studies conducted in children,
as such data would warrant separate consideration given the
specific nuances involved in collecting dietary intake data
from this population.

Most of the included studies did not explicitly aim to
compare error contributors across food groups but were
methodological studies that aimed to evaluate 24-h dietary
recall instruments or portion size estimation aids. As such,
studies did not usually conduct analyses to a level of detail
that enabled cross–food group comparisons to be made,
which was the level sought in this review. Controlled feeding
studies generate rich information with multiple uses, which
can be approached from multiple angles to answer an array
of research questions. This review illustrates how such data
could be further utilized to understand mechanisms of mea-
surement error arising from short-term dietary assessment
instruments, and to tailor these instruments appropriately to
the targeted populations.

Some limitations require highlighting. Inconsistencies in
food grouping across studies and how researchers group or
categorize food globally may have influenced the results in
this review. The assessment of mixed dishes is another area
of potential inconsistency, especially in community studies
with self-selected foods, and observation studies. With mixed
dishes, sandwiches, and salads, researcher judgement is
required in assigning the contributor to error, and more than
one may occur simultaneously, for example misclassification
as well as portion misestimation. In all included studies,
participants may have been more aware of their dietary intake
than in nonexperimental conditions, and thus it is possible
that reported intake is more accurate than would be expected
in other contexts. We focused on errors during the process of
reporting food and beverage intake. However, there are other
potential sources of error, such as data entry error, challenges
in finding matching foods in self-administered 24-h recalls,
and food composition database errors, as well as biases in
the comparator data. These less-addressed error sources have
implications for the interpretation of results in this review, as
it is unlikely that these additional sources of error are present
in equal magnitude among all included studies.

Conclusions and Recommendations
In conclusion, some evidence exists of patterns in con-
tributors to error across food groups, but identification of
patterns was limited by inconsistency in measures across
studies. Portion misestimation made a large contribution to
dietary intake measurement error, however, more variation
in error existed within food groups and within individual
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studies, than between food groups. Better understanding
of contributors to systematic error (omissions, intrusions,
misclassifications, and portion misestimations), which will
lead to taking appropriate actions to mitigate them, may be
derived from the following:

1. Well-designed studies using controlled feeding methods,
the components of which have been comprehensively
described elsewhere (3), that are powered to examine all
contributors of error across food groups. Controlled feed-
ing studies are the least biased method of measuring true
intake since food/beverage weights are measured rather
than estimated. Future studies should report averages with
a measure of variation rather than counts (which was often
the case with omissions), in order that between-person
variation in systematic error can be better understood.

2. Partitioning of measurement error within groups of foods
and beverages according to all 4 contributors (omissions,
intrusions, misclassifications, and portion misestima-
tions). Error due to intrusion and misclassification of
types of foods/beverages was examined in only 3 included
studies, indicating these are severely understudied issues.

3. Consideration and reporting of all details that influ-
ence the assessment of measurement errors, such as
the physical form (e.g., diced, amorphous), the serving
container (size, shape, packaging) from which the foods
and beverages are consumed, participant familiarity with
the food, the detail provided on the menu, the use of
standardized recipes, how many other foods are served
simultaneously, and the impact of these variables on the
cognitive load of reporting intake are recommended.
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