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ABSTRACT

Self-reported measures of dietary intake are prone to measurement error that may obscure the relationship of
diet and disease. This review addresses strategies to decrease errors during collection of dietary data and
statistical approaches to deal with measurement issues once the data are collected. Examples from two US
studies-- the Women’s Health Initiative (WHI) Dietary Modification Trial and the Hispanic Community Health
Study/Study of Latinos (HCHS/SOL) have been used.

Approaches to manage biases during the collection of data include home visits to assess actual portion sizes
of foods consumed, early detection of random and systematic error, and technology-based tools to capture
dietary intake. The discussion of the WHI and HCHS/SOL ancillary studies illustrates appropriate use of
calibration and biomarkers. Biomarkers of interest include both recovery (doubly labeled water, urinary
nitrogen, sodium, and potassium), and predictive biomarkers such as total sugars. Discussion of blood
concentration biomarkers such as folate, tocopherols and carotenoids and novel biomarkers will supplement
this review.

Once data are collected, biomarker calibration is an approach to deal with measurement error. Here the
discussion of statistical methods includes the development of regression calibration equations that use both
biomarkers and self-report measures along with pertinent participant characteristics; and hazard ratios (ratio of
incidence rates) based on Cox regression for assessing diet-disease associations with biomarkers. This review
concludes with approaches applicable to nutrition research in the context of Iran.

Keywords: Nutrition assessment, Measurement error, Biomarkers, 24 hr dietary recall, Food frequency questionnaire,
Diet records

Significance and sources of biases random questions because of boredom or lack of
interest (6), whereas systematic errors include those

related to participant characteristics like body size or
psychosocial characteristics (7). Attempts to reduce
biases at the level of data collection have included
training of diet interviewers to be non-judgmental, to
be attuned to the respondents’ emotional state, and to
help the respondents focus during the data collection.

in collection of dietary data

Biases in dietary data collection can arise from
several sources: diet assessment methodology,
respondent’s level of engagement with food
preparation, interviewer’s knowledge of local foods;
and cultural norms regarding foods and health. Given

the heterogeneity in cultural context, methodology For data collection via forms and questionnaires,

and  respondent’s  relationship  with  food, colorful formatting and food images have been
understandably there is a wide range of biases from helpful (8).

one context to another (1). These biases distort the
relationship between diet and disease (2-5).
Measurement errors consist of random and
systematic error. Random errors consist of those
related to inattention such as failing to respond to
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Level of engagement with food: The respondents’
and interviewers’ lack of engagement with local
foods and food preparation can impact bias; foods
bought locally and prepared from scratch are less
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likely to be underreported. Interviewers, who are not
familiar with local foods or how foods are named
locally, may misinterpret the respondents’ intake.
Cultural norms: Cultural norms can impact
reporting of foods with socially desirable foods more
likely to be reported. In a health conscious sample,
foods perceived as unhealthy such as French fries
and sweets could be underreported, and healthy
foods such as fruits and vegetables could be
overreported (9).
Memory and ability to describe foods: Memory
and ability to describe foods on the part of the
respondent affects accuracy of reporting. Even with
use of food models and diagrams it may be a
challenge for participants with low levels of
numeracy and literacy to describe the spatial
dimensions of foods. Strategies to overcome these
challenges have included home visits where actual
bowls and plates wused can be measured;
alternatively, participants have been asked to bring
their own plates and bowils to the clinic interview (8).
Methodology: Methodology for dietary assessment
such as type of administration (interviewer- or self-
administered) or format (food frequency or recalls)
can impact bias. Participants with low levels of
literacy may find it easier to speak to an interviewer,
whereas literate participants may respond well to
dietary intake administration via pencil and paper or
web- or smart-phone-based modalities. The National
Cancer Institute (NCI) in the US has created an
automated self-administered web- and smartphone-
based 24 hr dietary recall (ASA-24) (10-11).
Twenty-four hour dietary recalls, food records and
food frequency questionnaires (FFQ) can differ in
level of completeness and hence bias. FFQs typically
consist of a fixed list of foods designed to be
representative of the foods consumed by population
under study, and to assess diet over a length of time
such as three months or a year. For populations with
diverse culinary traditions, a multi-cultural FFQ
might perform as opposed to a general FFQ designed
for the mainstream population (12). The 24 hr dietary
recall can be self-administered or administered by an
interviewer, and is used to assess dietary intake in
many national surveys. When assessed during the
week or week-end, it offers rich detail as to a
respondent’s usual intake with details such as timing
of intake, type and amount of food, as well as source
of foods consumed (13). For example, “Was the
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package of nuts purchased at the corner grocery store
or from a vending machine?” With the addition of
the food questionnaire (also known as food
propensity questionnaire), information is added as to
the frequency of consumption of episodic foods. This
questionnaire assesses frequency (not amount) of
episodically consumed foods that may not appear on
the 24 hr dietary recall. Two recent cycles of the
National Health & Nutrition Examination Survey
(NHANES) in the US, a survey that assesses a
nationally representative sample, have used the NCI
method to estimate means and percentiles of the
distribution of food intake. This method uses a 24 hr
dietary recall and a food questionnaire for
episodically consumed foods to assess usual intake
(14,15). Lastly, food records (weighed or
unweighed) provide detail usually over 3-7 days, and
are completed by the participants; therefore, there is
high participant burden associated with this method
(16.) However, food records when conducted by
respondents with a high level of interest in the task
can result in records with a relatively high level of
accuracy.

So which is better: food record,

food frequency questionnaire or 24

hr diet recall?

The answer depends on what is being assessed
and for what purpose. Two US studies: the Women’s
Health Initiative (WHI) and the Hispanic
Community Health  Study/Study of Latinos
(HCHS/SOL) offer examples. The landmark WHI
study, a National Institutes of Health (NIH)-funded
observational and clinical trial study of post-
menopausal women in forty locations in the US,
included biomarker studies to correct for error-prone
self-report measures of diet (2, 3, 17-20). The
HCHS/SOL study, also an NIH funded study, is an
epidemiological study of US Hispanics/Latinos in
four communities in Bronx, Chicago, Miami, and
San Diego. It also includes a biomarker study (5) to
correct for self-report measures of diet (24 hr dietary
recall and a food propensity questionnaire) (21-22).
The respondents in both studies underreported
energy intake by 25-32% when compared to the
biomarker doubly labeled water; however, protein
intake was underreported to a lesser extent (15-19%)
when compared to urinary nitrogen (2, 5). Under-
reporting was higher using the FFQ than 24 hr
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dietary recall. On the other hand, potassium intake
was less likely to be under-reported (23).

Diet & health outcomes—does

assessment modality bias the

association?

Assessment modality can impact ability to discern
the association of diet with health outcomes. For
example, the hazard ratio for breast cancer for each
quintile increase of energy-adjusted fat was strongly
associated with saturated fat intake measured using
the food diary, but not the FFQ in a prospective
study relating diet to breast cancer risk in 13,070
women in the UK (24), indicating the advantage of
using food records over FFQ in detecting an
association with saturated fat intake and breast
cancer. In the WHI biomarker studies, self-reported
energy intake from four-day food records had a
slightly higher correlation with the biomarker
measure (doubly labeled water) than the 24 hr
dietary recall or the FFQ (see Figure 1) (3, 25).
Nevertheless, all the three self-reported measures of
intake seem to explain a relatively small amount of
the biomarker variation for energy (2.8% to 7.8%);
as such, every study would benefit from the
assessment of dietary intake both from biomarkers
and self-report with respect to energy assessment.
Understandably, this additional effort would add
cost, so selection of the most practical modality
would be important depending on the nutrient of
interest. As an example, when assessing sodium

intake, collection of spot or 24 hr urine in a
representative sub-sample could be used to develop
calibration equations to correct error in the entire
analytic sample (23).

Established and new biomarkers

Despite the attempts of the best interviewer,
mismeasurement is inevitable; biomarkers can add
important information in this regard (26). Table 1
shows the current state of diet-related biomarkers.
These are markers in the blood, urine, breath, hair,
nail or other biospecimens that can indicate an
objective measure of the individual’s level of
nutriture that is closer to the “truth”. Examples
include the golden standard Doubly Labeled Water
(DLW) to assess total energy expenditure and
urinary nitrogen for protein (27). Other biomarkers
are urinary sodium and potassium from 24 hr urine
samples. Sugar biomarkers such as fructose or
sucrose are other biomarkers that can predict dietary
intake (28-30). Sugar biomarkers typically require
enzymatic assays or gas or liquid chromatography
for measurement (31). Mass spectrometry is used for
measurement of DLW, which is obtained from spot
urine samples. Participants typically drink DLW
based on their body weight; the amount of the
biomarkers expended in urine from the DLW is then
calculated using mass spectrometry to obtain an
objective measure of total energy expenditure, which
equals intake in weight stable individuals (32).
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Figure 1. Fraction of variance in the biomarker (Doubly Labeled Water) explained by self-reported energy & participants’

characteristics.

Figure 1 adapted from: Mossavar-Rahmani Y, Tinker LF, Huang Y, Neuhouser ML, McCann SE, Seguin RA, Vitolins MZ, Curb JD, Prentice RL. Factors
relating to eating style, social desirability, body image and eating meals at home increase the precision of calibration equations correcting self-report
measures of diet using recovery biomarkers: findings from the Women’s Health Initiative. Nutrition Journal 2013;12(1):63 (16 May 2013).
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Table 1. Biomarkers for dietary assessment

Biomarker

Type

Energy

Protein

Carbohydrate:
fructose
sucrose

Fat

Sodium

Potassium

Folate, carotenoids, tocopherols

Added sugars

Intake of vegetable vs. animal protein

Doubly labeled water
Urinary nitrogen

Total sugars:
Urinary fructose, sucrose from 24 hr
urine

Biomarkers needed

Urinary sodium from 24 hr urine

Urinary potassium from 24 hr urine

Serum or levels in red blood cells

Carbon isotope ratios from fingerstick

Carbon, nitrogen isotope ratios from

True gold standard: recovery biomarker
Recovery

Predictive

Replacement/data bases not available or incomplete; salt at
table difficult to quantify (other examples: phytoestrogens)

Recovery

Blood concentration

Exploratory

Hair/nails

hair and nails

Herbs and spices Biomarkers needed

Polyphenols Urine

Exploratory

Blood concentration biomarkers such as folate,
carotenoids, tocopherols present challenges when
correlating with intake because, unlike recovery
biomarkers such as DLW, the amount ingested is
typically not fully recovered in blood, and genetics
or health conditions can all affect the blood levels of
these nutrients. Feeding studies can provide insights
into the relationship of these nutrients and their
serum or plasma levels. Carbon and nitrogen isotope
ratios from hair and nails are novel methods to assess
vegetable versus animal sources of protein (33).
Carbon isotope ratios from a fingerstick can also be
used as a biomarker for added sugars’ intake (34).
Polyphenols are anti-oxidant rich plant based
metabolites found in fruits, vegetables, legumes, and
coffee/tea that have been associated with reduced
risk of cardiovascular diseases (CVDs) (35). Finally,
while biomarkers exist for energy, protein and other
nutrients discussed in this review, novel and
noninvasive biomarkers, especially for fat intake, are
needed to better understand the relationship of diet to
disease.

Two applications of biomarker-

calibrated energy intake

a. Measurement properties of diet assessment
tools and energy assessment: In the WHI study

Nutrition and Food Sciences Research

discussed earlier, recovery biomarkers were used to
assess differences in the measurement properties of
different diet assessment tools (3). Eating out
frequently, being Black or Hispanic/Latino, and
scoring high on the social desirability scale were
significant predictors for underestimation of energy
intake using the FFQ, but not for using the four-day
food record nor the 24 hr recall when assessed
against the DLW biomarker (25). This finding
reflects cognitive difficulties and biases inherent in
the FFQ, a tool that uses a fixed list of foods;
whereas a 24 hr dietary recall or food record is
cognitively easier for the respondent because, in
contrast to a fixed list of foods typical of an FFQ, no
assumptions are made as to what foods are eaten
(8,16). On the other hand, BMI was a significant
predictor for underestimating energy from the 24 hr
recall and four-day food record, but not the FFQ.
This finding brings up an interesting point that
correlates related to misreporting may not
necessarily be the same among the diet assessment
tools, especially if one tool in particular is less
sensitive to the respondents’ food universe as
compared to another assessment modality.

The 24 hr dietary recall is used in the HCHS/SOL
study. It is interviewer-administered, and is thought
to have lower participant burden in a population for
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whom English is not the primary language (22).
Figure 1 portrays the fraction of variance in the
biomarker DLW explained by self-reported energy
intake and participant characteristics from the WHI
FFQ.

b. Biomarker-calibrated energy and association
with health outcomes: An important application of
biomarker-calibrated intake is its correlation with
outcomes such as disease or functional status. Using
Cox regression, calibrated energy consumption was
found to be positively related to the risks of various
CVDs (e.g. coronary artery bypass graft, coronary
heart disease, coronary death, heart failure,
myocardial infarction, percutaneous coronary
intervention, stroke (hemorrhagic, ischemic)),
invasive cancers (bladder, breast, colon, endometrial,
kidney, leukemia, lung, lymphoma, ovarian,
pancreatic, rectal) and diabetes in the WHI.
Estimated hazard ratios for 20% increase in total
energy consumption were: 1.49 (95% ClI: 1.18, 1.88)
for total cardiovascular disease, 1.43 (95% CI: 1.17,
1.73) for total invasive cancers; and 4.17 (95% CI:
2.68, 6.49) for diabetes (36). These associations were
not evident in most corresponding analyses that had
not been corrected for measurement error (1). Other
studies have investigated the association of
calibrated protein with physical function in the same
cohort of post-menopausal women (37).

Potential research implications for

Iran

As evidenced in this review, careful dietary data
collection using home visits and understanding of
respondents’ food universe and attention to random
and systematic error can potentially mitigate errors

Table 2. Steps for managing bias in diet assessment

that could arise with less careful assessment. Table 2
shows steps for managing bias in data collection and
analysis. In the context of Iran, women tend to be the
primary individuals purchasing and preparing food
and have intimate knowledge of the details of food
preparation with recipes handed down mostly orally
from one generation to the next. However, as more
women work and eat outside the home, there is
increased  potential  for  misreporting  and
measurement error. Iranian men, on the other hand,
may have more difficulty reporting the ingredients in
foods eaten as they may be less familiar with food
preparation. Assistance from the family member who
prepares food and, where possible, direct observation
of eating episodes in the preliminary stages of the
assessment would be helpful in obtaining a better
measure of the food universe. In addition, mixed
dishes (stews or “khoreshts”) with intricate
combination of ingredients consisting of herbs or
fruits and vegetables with considerable regional
differences may be difficult to describe.

Children and adolescents may also have different
reporting patterns with children needing help from
parents to report intake and adolescents having
eating patterns that are less structured. Adolescents
may be more receptive to diet assessment using
technology-based features such as smartphones.
Language use is also important. If the local dialect is
not used or participants have difficulty with the
primary language, there could be significant
underreporting. Further research is needed to
understand reporting bias in children and adolescents
and whether these biases are universal.

1. What method is used: FFQ, 24 hr recall, food records, and weighed records?

--Is the FFQ representative of foods consumed by the population under study?

a M W Db

reporting).

Does the self-report correlate with the biomarker (0.30 or higher)?

If 24 hr recall was interview-administered or web- or smartphone based, and what language was used?

How many measures of the diet assessments were taken? The more measurements, the closer the correlation with truth.

Does the nutrient correlate with energy? (Then energy adjustment is a potential solution to dealing with under- or over-
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Given the high cost of biomarkers, a sub-study
representative of the population where possible could
provide critical information such as whether gender,
BMI, or age or other participant characteristics
impact misreporting and whether these factors need
to be controlled when using self-report measures and
relating to outcomes. Investigation of new
biomarkers, especially with respect to fat intake and
flavonoids such as anthocyanins (found in berries)
(38) and the emerging field of metabolomics are new
areas of research. With regard to discovery of novel
biomarkers in the context of Iran, biomarkers
relating to spices/herbs and variety of green herbs
that are abundantly and uniquely used in dishes in
Iran and relationship to health outcomes would be a
significant contribution to this area of investigation.

In conclusion, dietary assessment can be
considerably enhanced, and measurement errors can
be reduced with careful understanding of the context
during data collection and biomarker calibration
during data analysis.
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