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I. INTRODUCTION

This chapter is a revision of the similarly named chapter in
the 2001 edition of this book [1], which itself was based on
the “Dietary Assessment Resource Manual” [2] by Frances
E. Thompson and Tim Byers, adapted with permission from
the Journal of Nutrition. Dietary assessment encompasses
food consumption at the national level (e.g., food supply
and production), household level, and individual level. This
review focuses only on individual-level food intake assess-
ment. It is intended as a resource for those who wish to
assess diet in a research study. The first section reviews
major dietary assessment methods, their advantages and
disadvantages and validity. The next sections describe
which dietary assessment methods are most appropriate
for different types of studies and for various types of popu-
lations. Finally, specific issues that relate to all methods are
discussed. The intent of this chapter is to contribute to an
understanding of various dietary assessment methods so
that the most appropriate method for a particular need is
chosen.

II. DIETARY ASSESSMENT METHODS

A. Dietary Records

For the dietary record approach, the respondent records the
foods and beverages and the amounts of each consumed
over one or more days. The amounts consumed may be
measured, using a scale or household measures (such as
cups, tablespoons), or estimated, using models, pictures, or
no particular aid. Typically, if multiple days are recorded,
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they are consecutive, and no more than 3 or 4 days are
included. Recording periods of more than 4 consecutive
days are usually unsatisfactory, as reported intakes decrease
[3] because of respondent fatigue. Theoretically, the infor-
mation is recorded at the time of the eating occasion, but it
need not be done on paper. Dictaphones, computer record-
ing, and self-recording scales have been used [4-7] and
hold special promise for low-literacy groups and other
difficult-to-assess populations because of their ease of
administration and potential accuracy, though tape record-
ing has not been shown to be useful among school-aged
children [8]. A recently developed prototype of a computer-
administered instrument illustrates the potential benefits of
technology, particularly for low-literacy groups: the respon-
dent selects the food consumed and subsequently the appro-
priate portion size of the selected foods via food
photographs on the computer screen [6]. Computerized
programs for recording food intake may be delivered on
the Internet [9], a CD-ROM [6], or on a hand-held personal
digital assistant (PDA) [5, 10]. A PDA itself can be coupled
with a camera that photographs foods selected [11]. When
these programs are linked with appropriate databases (see
Section V.D), the burden of coding data can be dramatically
relieved. However, response problems, particularly accu-
rate estimation of portion size, remain [10].

To complete a dietary record, the respondent must be
trained in the level of detail required to adequately describe
the foods and amounts consumed, including the name of
the food (brand name, if possible), preparation methods,
recipes for food mixtures, and portion sizes. In some
studies, this is enhanced by contact and review of the report
after 1 day of recording. At the end of the recording period,
a trained interviewer should review the records with the
respondent to clarify entries and to probe for forgotten
foods. Someone other than the subject can also record diet-
ary records. This is often the method used with children or
people in institutions.

While intake data using dietary records are typically
collected in an open-ended form, close-ended forms have
also been developed [5, 12-15]. These forms consist of
listings of food groups; the respondent indicates whether
that food group has been consumed. Portion size can also be



4 SECTION I - A. Assessment Methods for Research and Practice

asked, either in an open-ended manner or in categories. In
format, these ‘“‘checklist” forms resemble the food fre-
quency questionnaire (FFQ) (see Section II.C). Unlike
FFQs, which generally query about intake over a specified
time period such as the past year or month, they are filled
out either concurrently with actual intake (for precoded
records) or at the end of a day for that day’s intake (daily
recall).

The dietary record method has the potential for provid-
ing quantitatively accurate information on food consumed
during the recording period [16]. Recording foods as they
are consumed lessens the problem of omission and the
foods are more fully described. Further, the measurement
of amounts of food consumed at each occasion should
provide more accurate portion sizes than if the respondents
were recalling portion sizes of foods previously eaten.

A major disadvantage of the dietary record method is
that it is subject to bias both in the selection of the sample
and in the measurement of the diet. Dietary record keeping
requires that respondents or respondent proxies be both
motivated and literate (if done on paper), which can
potentially limit use of the method in some population
groups (e.g., those of low socioeconomic status, the poorly
educated, recent immigrants, children, and some elderly
groups). The requirements for cooperation in keeping
records can limit the generalizability of the findings from
the dietary records to the broader population from which the
study sample was drawn. Research indicates that there is a
significant increase in incomplete records as more days of
records are kept, and the validity of the collected informa-
tion decreases in the later days of a 7-day recording period,
in contrast to collected information in the earlier days [3].
Part of this decrease may occur because many respondents
develop the practice of filling out the record at one time for
a previous period.

When respondents record only once per day, the record
method approaches the 24-hour recall in terms of respon-
dents relying on memory rather than concurrent recording.
More important, recording foods as they are being eaten can
affect both the types of food chosen and the quantities
consumed [17]. The knowledge that food requires recording
and the demanding task of doing it, therefore, may alter the
dietary behaviors the tool is intended to measure [18]. This
effect is a weakness when the aim is to measure unaltered
dietary behavior. However, when the aim is to enhance
awareness of dietary behavior and change that behavior,
as in some intervention studies, this effect can be seen as an
advantage [19]. Recording, by itself, is an effective weight-
loss technique [20]. Recent interest in “real time” assess-
ment [21] has led to the development and testing of a
dietary intake self-monitoring system delivered through a
personal digital assistant that enables concurrent recording
and immediate, automated feedback. A pilot study testing
this approach found improved self-monitoring and adher-
ence to dietary goals [19].

As is true with all quantitative dietary information, the
information collected on dietary records can be burdensome
to code and can lead to high personnel costs. Dietary
assessment software that allows for easier data entry using
common spellings of foods can save considerable time in
data coding. Even with high-quality data entry, maintaining
overall quality control for dietary records can be difficult
because information is often not recorded consistently from
respondent to respondent.

These weaknesses may be less pronounced for the hybrid
method of the “checklist” form, because checking off a
food item may be easier than recording a complete
description of the food, and the costs of data processing
can be minimal, especially if the form is machine scan-
nable. The checklist can be developed to assess particular
“core foods,” which contribute substantially to intakes of
some nutrients. However, as the comprehensiveness of the
nutrients to be assessed increases, the length of the form
also increases and becomes more burdensome to complete
at each eating occasion. The checklist method may be most
appropriate in settings with limited diets or for assessment
of a limited set of foods or nutrients.

Several studies indicate that reported energy and pro-
tein intakes on diet records for selected small samples of
adults are underestimated in the range of 4% to 37%
when compared to energy expenditure as measured by
doubly-labeled water or protein intake as measured by
urinary nitrogen [20, 22-34]. Because of these findings,
the record is considered an imperfect gold standard.
Underreporting on food records is probably a result of
the combined effects of incomplete recording and the
impact of the recording process on dietary choices lead-
ing to undereating [20, 31]. The highest levels of under-
reporting on food records have been found among
individuals with higher body mass indexes (BMIs) [24,
26, 27, 35, 36], particularly women [24, 26, 27, 37-39].
This relationship has been found among elderly indivi-
duals also [40]. This effect, however, may arise, in part,
because heavier individuals are more likely to be dieting
on any given individual day [41]. Other research shows
that demographic or psychological indices such as educa-
tion, employment grade, social desirability, body image,
or dietary restraint may also be important factors related
to underreporting on diet records [24, 31, 38, 39, 42-44].
The research evidence for the psychosocial factors related
to energy misreporting is reviewed in Mauer et al. [45].
A few studies suggest that low-energy reporters compared
to non-low-energy reporters have intakes that are lower in
absolute intake of most nutrients [36], higher in percen-
tage of energy from protein [36, 39], and lower in
percentage of energy as carbohydrate [36, 39, 46, 47]
and in percentage of energy from fat [47]. Underreporters
may also report lower intakes of desserts, sweet baked
goods, butter, and alcoholic beverages [36, 47] but more
grains, meats, salads, and vegetables [36].



Some approaches have been suggested to overcome the
underreporting in the record approach. Some suggest
enhanced training of respondents. A different approach is
to incorporate psychosocial questions known to be related
to underreporting in order to estimate the level of under-
reporting [45]. Another suggested approach is to calibrate
dietary records to doubly-labeled water (DLW), a biologi-
cal indicator of energy expenditure, including covariates of
gender, weight, and height, to more accurately predict indi-
viduals’ energy intakes [48]. Further research is needed to
develop and test these and other ideas.

B. 24-Hour Dietary Recall

For the 24-hour dietary recall, the respondent is asked to
remember and report all the foods and beverages consumed
in the preceding 24 hours or in the preceding day. The recall
typically is conducted by interview, in person or by tele-
phone [49, 50], either computer assisted [51] or using a
paper-and-pencil form. Well-trained interviewers are cru-
cial in administering a 24-hour recall because much of the
dietary information is collected by asking probing ques-
tions. Ideally, interviewers would be dietitians with educa-
tion in foods and nutrition; however, non-nutritionists who
have been trained in the use of a standardized instrument
can be effective. All interviewers should be knowledgeable
about foods available in the marketplace and about prepara-
tion practices, including prevalent regional or ethnic foods.

The interview is often structured, usually with specific
probes, to help the respondent remember all foods con-
sumed throughout the day. An early study found that
respondents with interviewer probing reported 25% higher
dietary intakes than did respondents without interviewer
probing [52]. Probing is especially useful in collecting
necessary details, such as how foods were prepared. It is
also useful in recovering many items not originally
reported, such as common additions to foods (e.g., butter
on toast) and eating occasions not originally reported (e.g.,
snacks and beverage breaks). However, interviewers should
be provided with standardized neutral probing questions so
as to avoid leading the respondent to specific answers when
the respondent really does not know or remember.

The current state-of-the-art 24-hour dietary recall instru-
ment is the United States Department of Agriculture’s
(USDA) Automated Multiple Pass Method (AMPM) [51],
and it is used in the U.S. National Health and Nutrition
Examination Survey (NHANES), the only nationally repre-
sentative dietary survey in the United States. In the AMPM,
intake is reviewed more than once in an effort to retrieve
forgotten eating occasions and foods. The process consists
of (1) an initial “quick list,” where the respondent reports
all the foods and beverages consumed without interruption
from the interviewer; (2) a forgotten foods list of 9 food
categories commonly omitted in 24-hour recall reporting;
(3) time and occasion, where the respondent reports the
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time each eating occasion began and names the occasion;
(4) a detail pass, where probing questions ask for more
detailed information about each food and the portion size,
in addition to review of the eating occasions and times
between the eating occasions; and (5) final review, where
questions about any other item not already reported are
asked [51]. Research at the USDA allowed development
of the Food Model Booklet [53], a portion size booklet used
in the NHANES to facilitate more accurate portion size
estimation. A 24-hour recall interview using the multiple
pass approach typically requires between 30 and 45 minutes.

A quality control system to minimize error and increase
reliability of interviewing and coding 24-hour recalls is
essential. Such a system should include a detailed protocol
for administration, training, and retraining sessions for
interviewers, duplicate collection and coding of some of
the recalls throughout the study period, and the use of a
computerized database system for nutrient analysis. A
research study among girls evaluated the marginal gains
in accuracy of the estimates of mean and variance with
increasing levels of quality control [54]. The authors
recommended that the extent of quality control procedures
adopted for a particular study should be carefully consid-
ered in light of that study’s desired accuracy and precision
and its resource constraints.

There are many advantages to the 24-hour recall. An
interviewer administers the tool and records the responses,
so literacy of the respondent is not required. Because of the
immediacy of the recall period, respondents are generally
able to recall most of their dietary intakes. Because there is
relatively little burden on the respondents, those who agree
to give 24-hour dietary recalls are more likely to be repre-
sentative of the population than are those who agree to keep
food records. Thus, the 24-hour recall method is useful
across a wide range of populations. In addition, inter-
viewers can be trained to capture the detail necessary so
that the foods eaten by any population can be researched
later by the coding staff and coded appropriately. Finally, in
contrast to record methods, dietary recalls occur after the
food has been consumed, so there is less potential for the
assessment method to interfere with dietary behavior.

Computerized software systems allow direct coding of
the foods reported during the interview. The potential ben-
efits of automated software include substantial cost reduc-
tions for processing dietary data, less missing data, and
greater standardization of interviews [55, 56]. However, a
potential problem in direct coding of interview responses is
the loss of the respondent’s reported name and description
of the food, in contrast to paper records of the interview,
which are then available for later review and editing. If
direct coding is used for the interview, methods for the
interviewer to easily enter those foods not found in the
system should be available, and these methods should be
reinforced by interviewer training and quality control
procedures.
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Another technological advance in 24-hour dietary recall
methodology is the increasing development of automated
data collection systems [57-62]. These systems vary in the
number of foods in their databases, the approach to asking
about portion size, and their inclusion of probes regarding
details of foods consumed and possible additions. One
system, designed to assess heavy metal and pesticide use
in children, has been developed for a hand-held device with
wireless Internet access [61]. The National Cancer Institute
(NCI) is currently developing a Web-based automated self-
administered 24-hour dietary recall [62]. The goal is to
create software that respondents can use to complete a
dietary recall with the aid of multimedia visual cues,
prompts, and animated characters, versus standard methods
that require a trained interviewer. The system design relies
on the most current USDA survey database [63] and
includes many elements of the AMPM 24-hour interview
developed by the USDA [64] and currently used in the
NHANES. Respondents will be asked about portion sizes
with the help of digital photographs depicting up to eight
sizes. The instrument will be delivered via the Internet and
will be available to researchers at a nominal cost.

The main weakness of the 24-hour recall approach is
that individuals may not report their food consumption
accurately for various reasons related to knowledge,
memory, and the interview situation. These cognitive
influences are discussed in more detail in Section V.F.
Because most individuals’ diets vary greatly from day to
day, it is not appropriate to use data from a single 24-hour
recall to characterize an individual’s usual diet. Neither
should a single day’s intake, whether it is determined by a
recall or food record, be used to estimate the proportion of
the population that has adequate or inadequate diets (e.g.,
the proportion of individuals with less than 30% of energy
from fat, or who are deficient in vitamin C intake) [65].
This is because the true distribution of usual diets is much
narrower than is the distribution of daily diets (there is
variation not only among people in usual diet but also in
the day-to-day for each person). The principal use of a
single 24-hour recall is to describe the average dietary
intake of a group because the means are robust and
unaffected by within-person variation. Multiple days of
recalls or records can better assess the individual’s usual
intake and population distributions but require special
statistical procedures designed for that purpose (see
Section V.C).

The validity of the 24-hour dietary recall has been studied
by comparing respondents’ reports of intake either with
intakes unobtrusively recorded/weighed by trained obser-
vers or with biological markers. Numerous observational
studies of the effectiveness of the 24-hour recall have been
conducted with children (see Section IV.C). In some studies
with adults, group mean nutrient estimates from 24-hour
recalls have been found to be similar to observed intakes
[3, 66], although respondents with lower observed intakes

have tended to overreport, and those with higher observed
intakes have tended to underreport their intakes [66]. One
observational study found energy underreporting during a
self-selected eating period in both men and women, similar
underreporting during a controlled diet period in men, and
accurate reporting during this controlled diet in women;
underestimates of portion sizes accounted for much of the
underreporting [67]. Similar to findings for food records,
studies with biological markers such as doubly-labeled
water and urinary nitrogen generally have found underre-
porting using 24-hour dietary recalls, for energy in the range
of 3% to 26% [6, 22, 25, 31, 68-72] and for protein in the
range of 11% to 28% [69, 72, 73]. However, underreporting
is not always found. Some have found overreporting of
energy from 24-hour dietary recalls compared to DLW in
the proxy reports for young children [74]. One study found
overreporting of protein from 13% to 25% depending on
level of BMI [75]. In addition, it is likely that the commonly
reported phenomenon of underreporting in Western coun-
tries may not occur in all cultures; for example, Harrison
et al. reported that 24-hour recalls collected from Egyptian
women were well within expected amounts [76]. Finally,
energy adjustment has been found in many studies to reduce
error. For example, for protein density (i.e., percentage
energy from protein), 24-hour dietary recall reports in the
large NCI-funded Observing Protein and Energy Nutrition
(OPEN) study were in close agreement to the biomarkers-
based measure [72]. Evaluation of the USDA AMPM in two
small observational studies indicated good agreement in
mean intakes of macronutrients among men [77] and
among obese women [78] and some overreporting of mean
energy and carbohydrate intakes among normal and over-
weight women [78]. In a small, highly selected group of
normal-weight women in energy balance, mean intake of
energy using AMPM agreed with energy expenditure
measured by DLW [79]. A large DLW study using recalls
collected with the AMPM is currently being analyzed.

In past national dietary surveys using multiple-pass
methods, data suggested that underreporting may have
affected up to 15% of all 24 hour recalls [80, 81]. Under-
reporters compared to nonunderreporters tended to report
fewer numbers of foods, fewer mentions of foods con-
sumed, and smaller portion sizes across a wide range of
food groups and tended to report more frequent intakes of
low-fat/diet foods and less frequent intakes of fat added to
foods [80]. As was found for records, factors such as obe-
sity, gender, social desirability, restrained eating, education,
literacy, perceived health status, and race/ethnicity have
been shown in various studies to be related to underreport-
ing in recalls [31, 41, 42, 70, 80-84].

C. Food Frequency

The food frequency approach [85, 86] asks respondents to
report their usual frequency of consumption of each food



from a list of foods for a specific period of time. Informa-
tion is collected on frequency and sometimes portion size,
but little detail is collected on other characteristics of the
foods as eaten, such as the methods of cooking or the
combinations of foods in meals. To estimate relative or
absolute nutrient intakes, many FFQs also incorporate por-
tion size questions, or specify portion sizes as part of each
question. Overall nutrient intake estimates are derived by
summing, over all foods, the products of the reported fre-
quency of each food by the amount of nutrient in a specified
(or assumed) serving of that food to produce an estimated
daily intake of nutrients, dietary constituents, and food
groups.

Many FFQs are available, and many continue to be
adapted and developed for different populations and differ-
ent purposes. Among those evaluated and commonly used
for U.S. adults are the Health Habits and History Question-
naire (HHHQ) or Block questionnaires [87-97], the Fred
Hutchinson Cancer Research Center Food Frequency Ques-
tionnaire (a revised HHHQ) [98, 99], the Harvard University
Food Frequency Questionnaires or Willett questionnaires
[85, 95-97, 100, 101-107], and the NCI’s Diet History
Questionnaire [72, 97, 108, 109]. The latter was designed
with an emphasis on cognitive ease for respondents [110-
112]. Other instruments have been developed for specific
populations. Two FFQs have been developed by researchers
at the University of Arizona, the University of Arizona Food
Frequency Questionnaire and the Southwest Food Fre-
quency Questionnaire, to capture the diverse diets of Latinos
and Native Americans [113—115]. Other investigators have
developed FFQs for Hispanic adults [116, 117]. Investiga-
tors at the University of Hawaii have developed a question-
naire for assessing the diverse diets of Hawaiian, Japanese,
Chinese, Filipino, and non-Hispanic white ethnic groups
[118, 119]. This instrument was adapted for use in a multi-
ethnic cohort study conducted in Hawaii and Los Angeles
[120]. In Europe, a number of FFQs have been developed
within Western European countries for the European Pro-
spective Investigation into Cancer and Nutrition (EPIC) [30,
121-126]. In addition, abbreviated FFQs attempting to
assess total diet have been developed composed of shorter
lists of 40 to 60 line items from the original 100 or so items
[127-131]. “Brief” FFQs that assess a limited number of
dietary exposures are discussed in the next section. Because
of the number of FFQs available, investigators need to care-
fully consider which best suits their research needs.

The appropriateness of the food list is crucial in the food
frequency method [88]. The full variability of an indivi-
dual’s diet, which includes many foods, brands, and pre-
paration practices, cannot be fully captured with a finite
food list. Obtaining accurate reports for foods eaten both as
single items and in mixtures is particularly problematic.
FFQs can ask the respondent to report either a combined
frequency for a particular food eaten both alone and in
mixtures or separate frequencies for each food use (e.g.,
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one could ask about beans eaten alone and in mixtures, or
one could ask separate questions about refried beans, bean
soups, beans in burritos). The first approach is cognitively
complex for the respondent, but the second approach may
lead to double counting (e.g., burritos with beans may be
reported both as beans and as a Mexican mixture). Often
FFQs include similar foods in a single question (e.g., beef,
pork, or lamb). However, such grouping can create a cogni-
tively complex question (e.g., for someone who often eats
beef and occasionally eats pork and lamb). In addition,
when a single question is applied to a group of foods,
assumptions about the relative frequencies of intake of the
foods constituting the group are made in the assignment of
values in the nutrient database. These assumptions are gen-
erally based on information from an external study popula-
tion (such as from a national survey sample) even though
true eating patterns may differ considerably across popula-
tion subgroups and over time.

Each quantitative FFQ must be associated with a data-
base to allow for the estimation of nutrient intakes for an
assumed or reported portion size of each food queried. For
example, the FFQ item of macaroni and cheese encom-
passes a wide variety of recipes with different nutrient
compositions, yet the FFQ database must have a single
nutrient composition profile. Several approaches are used
to construct such a database [85]. A database approach uses
quantitative dietary intake information from the target
population to define the typical nutrient density of a par-
ticular food group category. For example, for the food
group macaroni and cheese, all reports of the individual
food codes reported in a population survey can be collected
and a mean or median nutrient composition (by portion size
if necessary) estimated. Values can also be calculated by
gender and age. Dietary analyses software, specific to each
FFQ, is then used to compute nutrient intakes for individual
respondents. These analyses are available commercially for
the Block, Willett, and Hutchinson FFQs and are publicly
available for the NCI FFQ.

In pursuit of improving the validity of the FFQ, investi-
gators have addressed a variety of frequency questionnaire
design issues such as length, closed versus open-ended
response categories, portion size, seasonality, and time
frame. Frequency instruments designed to assess total diet
generally list more than 100 individual line items, many
with additional portion size questions, requiring 30 to 60
minutes to complete. This raises concern about length and
its effect on response rates. Though respondent burden is a
factor in obtaining reasonable response rates for studies in
general, a few studies have shown this not to be a decisive
factor for FFQs [111, 132-136]. This tension between
length and specificity highlights the difficult issue of how
to define a closed-ended list of foods for a food frequency
instrument. The increasing use of optically scanned instru-
ments has necessitated the use of closed-ended response
categories forcing a loss in specificity [137].
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Although the amounts consumed by individuals are con-
sidered an important component in estimating dietary
intakes, for the FFQ instrument it is controversial as to
whether or not portion size questions should be included.
Frequency has been found to be a greater contributor than
typical serving size to the variance in intake of most foods
[138]; therefore, some prefer to use FFQs without the addi-
tional respondent burden of reporting serving sizes [85].
Others cite small improvements in the performance of
FFQs that ask the respondents to report a usual serving
size for each food [90, 91]. Some incorporate portion size
and frequency into one question, asking how often a par-
ticular portion of the food is consumed [85]. Although some
research has been conducted to determine the best ways to
ask about portion size on FFQs [110, 139, 140], the mar-
ginal benefit of such information in a particular study may
depend on the study objective and population
characteristics.

Another design issue is the time frame about which
intake is queried. Many instruments inquire about usual
intakes over the past year [88, 101], but it is possible to
ask about the past week or month [141] depending on
specific research situations. Even when respondents are
asked about intake over the past year, some studies indicate
that the season in which the questionnaire is administered
influences reporting over the entire year [142, 143].

Finally, analytical decisions are required in how food
frequency data are processed. In research applications
where there are no automated quality checks to assure that
all questions are asked, decisions about how to handle
missing data are needed. In particular, in self-administered
situations, there are usually many initial frequency ques-
tions that are not answered. One approach is to assign null
values, as some research indicates that respondents selec-
tively omit answering questions about foods they seldom or
never eat [144, 145]. Another approach is to assign the
median value from those who did provide valid answers.
One study compared these two approaches within a case-
control setting and found that the two were equivalent in
terms of introducing bias into the relative risk estimates
[146].

Strengths of the FFQ approach are that it is inexpensive
to administer and process and aims to estimate the respon-
dent’s usual intake of foods over an extended period of
time. Unlike other methods, the FFQ can be used to cir-
cumvent recent changes in diet (e.g., changes resulting from
disease) by obtaining information about individuals’ diets
as recalled about a prior time period. Retrospective reports
about diet nearly always use a food frequency approach.
Food frequency responses are used to rank individuals
according to their usual consumption of nutrients, foods, or
groups of foods. Nearly all food frequency instruments are
designed to be self-administered, require 30 to 60 minutes
to complete depending on the instrument and the respon-
dent, and are either optically scanned paper versions or

automated to be administered electronically [87, 98, 113,
147, 148]. Because the costs of data collection and pro-
cessing and the respondent burden are typically much lower
for FFQs than for multiple diet records or recalls, FFQs
have become a common way to estimate usual dietary
intake in large epidemiological studies.

The major limitation of the food frequency method is
that it contains a substantial amount of measurement error
[72, 109]. Many details of dietary intake are not measured,
and the quantification of intake is not as accurate as with
recalls or records. Inaccuracies result from an incomplete
listing of all possible foods and from errors in frequency
and usual serving size estimations. The estimation tasks
required for an FFQ are complex and difficult [149]. As a
result, the scale for nutrient intake estimates from an FFQ
may be shifted considerably, yielding inaccurate estimates
of the average intake for the group. Research suggests that
longer food frequency lists may overestimate, whereas
shorter lists may underestimate intake of fruits and vegeta-
bles [150], but it is unclear as to whether or how this applies
to nutrients and other food groups.

The serving size of foods consumed is difficult for
respondents to evaluate and is thus problematic for all
assessment instruments (see Section V.A). However, the
inaccuracies involved in respondents attempting to estimate
usual serving size in FFQs may be even greater because a
respondent is asked to estimate an average for foods that
may have highly variable portion sizes across eating occa-
sions [151].

Because of the error inherent in the food frequency
approach, it is generally considered inappropriate to use
FFQ data to estimate quantitative parameters, such as
the mean and variance, of a population’s usual dietary
intake [101, 152-156]. Although some FFQs seem to pro-
duce estimates of population average intakes that are
reasonable [152], different FFQs will perform in often
unpredictable ways in different populations, so the levels
of nutrient intakes estimated by FFQs should best be
regarded as only approximations [153]. FFQs are generally
used for ranking subjects according to food or nutrient
intake rather than for estimating absolute levels of intake,
and they are used widely in case-control or cohort studies to
assess the association between dietary intake and disease
risk [157-159]. For estimating relative risks, the degree of
misclassification of subjects is more important than is the
quantitative scale on which the ranking is made [160].

The definitive validity study for a food frequency—based
estimate of long-term usual diet would require nonintrusive
observation of the respondent’s total diet over a long time.
No such studies have ever been done. One early feeding
study, with three defined 6-week feeding cycles (in which
all intakes were known), showed some significant differ-
ences in known absolute nutrient intakes as compared to the
Willett FFQ for several fat components, mostly in the
direction of underestimation by the FFQ [161]. The most



practical approach to examining the concordance of food
frequency responses and usual diet is to use multiple food
recalls or records over a period as an indicator of usual diet.
This approach has been used in many studies examining
various FFQs (see [162] for register of such studies). In
these studies, the correlations between the methods for most
foods and nutrients are in the range of 0.4 to 0.7. However,
recalls and records cannot be considered as accurate refer-
ence instruments as they themselves suffer from error that
may be correlated with error in the FFQ and, in addition,
may not represent the time period of interest. Biomarkers
that do represent usual intake without bias are available for
energy (doubly-labeled water) [163] and protein (urinary
nitrogen) [164]. Validation studies of various FFQs using
these biomarkers have found large underestimates of self-
reported energy intake [25, 31, 34, 69, 71, 72] and some
underestimation of protein intake [29, 30, 69, 72, 126, 165—
168]. Correlations of FFQs and the biomarkers have ranged
from 0.1 to 0.5 for energy [25, 69, 72] and from 0.2 to 0.7
for protein [29, 30, 69, 72, 126, 165-168]. One study
showed that protein density (kcal of protein as a percentage
of total kcal) was less problematic—a slight overestimation
among women and similar estimates among men [72], and
correlations of 0.3 to 0.4 [109]—indicating that energy
adjustment may alleviate some of the error inherent in
food frequency instruments. Various statistical methods
employing measurement error models and energy adjust-
ment are used not only to assess the validity of FFQs but
also to adjust estimates of relative risks for disease out-
comes [169—179]. However, analyses indicate that correla-
tions between an FFQ and a reference instrument, such as
the 24-hour recall, may be overestimated because of corre-
lated errors [109]. Furthermore, other analyses comparing
relative risk estimation from FFQs to dietary records [180,
181] in prospective cohort studies indicate that observed
relationships using an FFQ are severely attenuated, thereby
obscuring associations that might exist. Accordingly, some
epidemiologists have suggested that the error in FFQs is
a serious enough problem that alternative means (such as
food records) of collecting dietary data in large-scale
prospective studies be considered [182, 183].

D. Brief Dietary Assessment Instruments

Many brief dietary assessment instruments have been
developed. These instruments can be useful in situations
that do not require either assessment of the total diet or
quantitative accuracy in dietary estimates. For example, a
brief diet assessment of some specific components might be
used to triage large numbers of individuals into groups to
allow more focused attention on those at greatest need for
intervention or education. Measurement of dietary intake,
no matter how crude, can also activate interest in the
respondent to facilitate nutrition education. These brief
instruments may, therefore, have utility in clinical settings
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or in situations where health promotion and health educa-
tion are the goals. In the intervention setting, brief instru-
ments focusing on specific aspects of a dietary intervention
have also been used to track changes in diet, although there
is concern that responses to questions of intake that directly
evolve from intervention messages may be biased [184] and
that these instruments lack sensitivity to detect change
[185]. Brief instruments of specific dietary components
such as fruits and vegetables are used often for population
surveillance at the state or local level, for example in the
Centers for Disease Control and Prevention’s (CDC)
Behavioral Risk Factor Surveillance System [186] and the
California Health Interview Survey [187] (see Section
III.A). Brief instruments can be used to examine relation-
ships between some specific aspects of diet and other
exposures, as in the National Health Interview Survey
[188]. Finally, some groups use short screeners to evaluate
the effectiveness of policy initiatives [187].

Brief instruments can be simplified/targeted FFQs or
questionnaires that focus on specific eating behaviors
other than the frequency of consuming specific foods. Com-
plete FFQs typically contain 100 or more food items to
capture the range of foods contributing to the many nutri-
ents in the diet. If an investigator is interested only in
estimating the intake of a single nutrient or food group,
however, then fewer foods need to be assessed. Often, only
15 to 30 foods might be required to account for most of the
intake of a particular nutrient [189, 190].

Numerous short questionnaires using a food frequency
approach have been developed and compared with multiple
days of food records, dietary recalls, complete FFQs, or
biological indicators of diet. Single-exposure abbreviated
FFQs have been developed and tested for protein [191],
calcium [90, 192-194], iron [195], isoflavones [196], phy-
toestrogens [197], soy foods [196, 198], folate [199-201],
sugar snacks [202], heterocyclic aromatic amines [203], and
alcohol [204, 205]. Much of the focus in brief instrument
development has been on fruits and vegetables and fats.

Food frequency type instruments to measure fruit and
vegetable consumption range from a single overall question
to 45 or more individual questions [206-210]. An early
seven-item tool developed by the NCI and private grantees
for the NCI's 5 A Day for Better Health Program effort has
been used widely in the United States [211-213]. The tool
is similar to one used in CDC’s Behavioral Risk Factor
Surveillance System (BRFSS) [186, 214, 215]. Validation
studies of the CDC and 5 A Day brief instruments to assess
fruit and vegetable intake have suggested that, without
portion size adjustments, they often underestimate actual
intake [206, 215-217] (see also [211]). Using cognitive
interviewing findings (see Section V.F), NCI has revised
the tool, including adding portion size questions. Using the
revised tool, some studies indicate improved performance
[218] and utility in surveillance studies. However, its per-
formance in community interventions was mixed; in six of
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eight site/gender comparisons, fruit and vegetable con-
sumption was significantly overestimated relative to multi-
ple 24-hour recalls [219]. More important, the screener
indicated change in consumption in both men and women
when none was seen with the 24-hour recalls [220].

A fat screener, originally developed by Block [221] and
currently composed of 17 items [87], was designed to
account for most of the intake of fat using information
about sources of fat intake in the U.S. population. The fat
screener was useful as an initial screen for high fat intake in
the Women’s Health Trial [221] and in the CDC’s Beha-
vioral Risk Factor and Surveillance System for nutritional
surveillance [222]. However, the screener did not perform
well among young, low-income Hispanic women [222], and
it substantially underestimated percentage energy from fat
and was only modestly correlated (r = 0.36) with multiple
24-hour recalls in a sample of medical students [223]. In
samples of men participating in intervention trials, the
screener was not as precise [185] or as sensitive [224] as
complete FFQs, possibly because the foods were not
selected to preserve between-person variability [185]. The
MEDFICTS (meats, eggs, dairy, fried foods, fat in baked
goods, convenience foods, fats added at the table, and
snacks) questionnaire, initially developed to assess adher-
ence to low-fat (£30% energy from fat) diets [225], asks
about frequency of intake and portion size of 20 individual
foods, major food sources of fat and saturated fat in the U.S.
diet. Its initial evaluation showed high correlations with
food records [225]. In additional cross-sectional studies,
the MEDFICTS underestimated percentage energy from
fat; it was effective in identifying individuals with very
high fat intakes, but it was not effective in identifying
individuals with moderately high fat diets [226] or correctly
identifying those individuals consuming low-fat diets [227].
In a longitudinal setting, positive changes in the MED-
FICTS score have been correlated with improvements in
serum lipids and waist circumference among cardiac reha-
bilitation patients [228]. Other fat screeners have been
developed to preserve the between-person variability of
intake [229-231]. A 20-item screener developed and tested
in the German site of the EPIC study correlated with a
complete FFQ [229, 230]. A 16-item percentage energy
from fat screener correlated 0.6 with 24-hour recalls in an
older U.S. population [231]; however, its performance in
intervention studies was variable [232].

Often, interventions are designed to target specific food
preparation or consumption behaviors rather than frequency
of consuming specific foods. Examples of such behaviors
might be trimming the fat from red meats, removing the skin
from chicken, or choosing low-fat dairy products. Many
questionnaires have been developed in various populations
to measure these types of dietary behaviors [222, 233-239],
and many have been found to correlate with fat intake esti-
mated from other more detailed dietary instruments [240,
241] or with blood lipids [237, 242, 243]. In addition, some

studies have found that changes in dietary behavior scores
have correlated with changes in blood lipids [242, 244, 245].
The Kristal Food Habits Questionnaire, sometimes also
called the Eating Behaviors Questionnaire, was originally
developed in 1990 [246]. It measures five dimensions of fat-
related behavior: avoid fat as a spread or flavoring, substitute
low-fat foods, modify meats, replace high-fat foods with
fruits and vegetables, and replace high-fat foods with
lower-fat alternatives. The instrument has been updated and
modified for use in different settings and populations [243,
247, 248]. A modification tested in African-American ado-
lescent girls was correlated with multiple 24-hour dietary
recalls [249]. In another modification developed for African-
American women [250], a subset of 30 items from the
SisterTalk Food Habits Questionnaire correlated with
change in BMI as strongly as did the original 91 items [251].

Recognizing the utility of assessing a few dimensions of
diet simultaneously, several multifactor short instruments
have been developed and evaluated, many combining fruits
and vegetables with fiber or fat components [252-257].
Others assess additional components of the diet. For exam-
ple, Prime-Screen is composed of 18 FFQ items asking
about the respondents’ consumption of fruits and vegeta-
bles, whole and low-fat dairy products, whole grains, fish
and red meat, and sources of saturated and trans fatty acids
(and seven supplement questions); the average correlation
with nutrient estimates from a full FFQ was 0.6 [258]. The
5-Factor Screener used in the 2005 National Health Inter-
view Survey Cancer Control Supplement assessed fruits
and vegetables, fiber, added sugar, calcium, and dairy ser-
vings [259], and the dietary screener used in the 2005
California Health Interview Survey assessed fruits and
vegetables and added sugar [260].

Some multicomponent behavioral questionnaires have
also been developed. The Kristal Food Habits Question-
naire was expanded to not only measure the five fat factors
(described above) but also to measure three factors related
to fiber: consumption of cereals and grains, consumption of
fruits and vegetables, and substitution of high-fiber for low-
fiber foods [261]. This fat- and fiber-related eating behavior
questionnaire correlated with food frequency measures of
fat and fiber among participants from a health maintenance
organization in Seattle, Washington [261]. Schlundt et al.
have developed a S5l-item Eating Behavior Patterns
Questionnaire targeted at fat and fiber assessment in
African-American women [262]. Newly incorporated in
this questionnaire are questions to reflect emotional eating
and impulsive snacking.

Some instruments combine aspects of food frequency
and behavioral questions to assess multiple dietary patterns.
For example, the Rapid Eating and Activity Assessment for
Patients (REAP), composed of 27 items assessing consump-
tion of whole grains, calcium-rich foods, fruits and vegeta-
bles, fats, sugary beverages and foods, sodium, and alcohol,
correlated moderately with records and an FFQ [263].



Because the cognitive processes for answering food fre-
quency-type questions can be complex, some attempts have
been made to reduce respondent burden by asking questions
that require only yes or no answers. Kristal et al. developed
a questionnaire to assess total fat, saturated fat, fiber, and
percent energy from fat; the questionnaire contains 44 food
items for which respondents are asked whether they eat the
items at a specified frequency. A simple index based on the
number of yes responses was found to correlate well with
diet as measured by 4-day records and with an FFQ assess-
ing total diet [264]. This same yes-no approach to ques-
tioning for a food list has also been used as a modification
of the 24-hour recall [265]. These “targeted” 24-hour recall
instruments aim to assess particular foods, not the whole
diet [266-269]. They present a precoded close-ended food
list and ask whether the respondent ate each food on the
previous day; portion size questions may also be asked.

The brevity of these instruments and their correspon-
dence with dietary intake as estimated by more extensive
methods create a seductive option for investigators who
would like to measure dietary intake at a low cost. Although
brief instruments have many applications, they have several
limitations. First, they do not capture information about the
entire diet. Most measures are not quantitatively meaningful
and, therefore, estimates of dietary intake for the population
usually cannot be made. Even when the goal is to estimate
total intake, the estimates are not precise and have large
measurement error. Finally, the specific dietary behaviors
found to correlate with dietary intake in a particular popula-
tion may not correlate similarly in another population, or
even in the same population in another time period. For
example, behavioral questionnaires developed and tested
in middle-class, middle-aged U.S. women [246] were
found to perform very differently when applied to Canadian
male manual laborers [270]; to a low-income, low-
education adult Canadian population [271]; and to partici-
pants in a worksite intervention program in Nevada [272].
Investigators should carefully consider the needs of their
study and their target population’s dietary patterns before
choosing an off-the-shelf instrument designed to briefly
measure either food frequency or specific dietary behaviors.

E. Diet History

The term ““diet history” is used in many ways. In the most
general sense, a dietary history is any dietary assessment
that asks the respondent to report about past diet. Origin-
ally, as coined by Burke, the term ““dietary history” referred
to the collection of information not only about the fre-
quency of intake of various foods but also about the typical
makeup of meals [273, 274]. Many now imprecisely use the
term ‘“‘dietary history” to refer to the food frequency
method of dietary assessment. However, several investiga-
tors have developed diet history instruments that provide
information about usual food intake patterns beyond simply
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food frequency data [275-278]. Some of these instruments
characterize foods in more detail than is allowed in food
frequency lists (e.g., preparation methods and foods eaten
in combination), and some of these instruments ask about
foods consumed at every meal [277, 279]. The term “‘diet
history” is therefore probably best reserved for dietary
assessment methods that are designed to ascertain a per-
son’s usual food intake in which many details about char-
acteristics of foods as usually consumed are assessed in
addition to the frequency and amount of food intake.

The Burke diet history included three elements: a
detailed interview about usual pattern of eating, a food list
asking for amount and frequency usually eaten, and a 3-day
diet record [273, 274]. The detailed interview (which some-
times includes a 24-hour recall) is the central feature of the
Burke dietary history, with the food frequency checklist and
the 3-day diet record used as cross-checks of the history.
The original Burke diet history has not often been exactly
reproduced, because of the effort and expertise involved in
capturing and coding the information if it is collected by an
interviewer. However, many variations of the Burke
method have been developed and used in a variety of set-
tings [275-278, 280-283]. These variations attempt to
ascertain the usual eating patterns for an extended period
of time, including type, frequency, and amount of foods
consumed; many include a cross-check feature [284, 285].
Some diet history instruments have been automated and
adapted for self-administration, thus eliminating the need
for an interviewer to ask the questions [277, 286]. Other
diet histories have been automated but still continue to be
administered by an interviewer [287]. Short-term recalls or
records are often used for validation or calibration rather
than as a part of the tool.

The major strength of the diet history method is its
assessment of meal patterns and details of food intake rather
than intakes for a short period of time (as in records or
recalls) or only frequency of food consumption. Details of
the means of preparation of foods can be helpful in better
characterizing nutrient intake (e.g., frying vs. baking), as
well as exposure to other factors in foods (e.g., charcoal
broiling). When the information is collected separately for
each meal, analyses of the joint effects of foods eaten
together are possible (e.g., effects on iron absorption of
concurrent intake of tea or foods containing vitamin C).
Although a meal-based approach often requires more time
from the respondent than does a food-based approach, it
may provide more cognitive support for the recall process.
For example, the respondent may be better able to report
total bread consumption by reporting bread as consumed at
each meal.

A weakness of the approach is that respondents are asked
to make many judgments both about the usual foods and the
amounts of those foods eaten. These subjective tasks may
be difficult for many respondents. Burke cautioned that
nutrient intakes estimated from these data should be
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interpreted as relative rather than absolute. All of these
limitations are also shared with the food frequency method.
The meal-based approach is not useful for individuals who
have no particular eating pattern and may be of limited use
for individuals who “graze” (i.e., eat small bits throughout
the day, rather than eat at defined meals). The approach,
when conducted by interviewers, requires trained nutrition
professionals.

The validity of diet history approaches is difficult to
assess because we lack independent knowledge of the indi-
vidual’s usual long-term intake. Nutrient estimates from
diet histories have often been found to be higher than
nutrient estimates from tools that measure intakes over
short periods, such as recalls or records [288-293]. How-
ever, results for these types of comparisons depend on both
the approach used and study characteristics. Validation
studies that estimate correlations between reference data
from recalls, records, or observations and diet histories are
limited and show correlations in ranges similar to those for
FFQs [278, 292, 294]. There are few validations of diet
history questionnaires using biological markers as a basis of
comparison. One study showed that, on average, 12 adults
completing a diet history underreported by 12% in compar-
ison to energy expenditure (measured by doubly-labeled
water) [295]; another showed that, in comparison to protein
intake as measured by urinary nitrogen (UN), 64 respon-
dents completing a diet history questionnaire underreported
by 3% [296].

F. Blended Instruments

Better understanding of various instruments’ strengths and
weaknesses has led to creative blending of approaches, in
hopes of maximizing the strengths of each instrument. For
example, a record-assisted 24-hour dietary recall has been
used in several studies with children [297, 298]. The child
keeps notes of what she or he has eaten and then uses these
notes as memory prompts in a later 24-hour dietary recall.
Several researchers have combined elements of a 24-hour
dietary recall and FFQ, often to assess specific dietary
components. For example, in the assessment of fruits and
vegetables, a limited set of questions is asked about yester-
day’s intake and is combined with usual frequency of con-
sumption of common fruits and vegetables [299, 300].
Similarly, the Nutritionist Five Collection Form combines
a 2-day dietary recall with food frequency questions [301].
Thompson et al. have combined information from a series
of daily checklists (i.e., precoded records) with frequency
reports from a food frequency instrument to form checklist-
adjusted estimates of intake. In a validation study of this
approach, validity improved for energy and protein, but it
was unchanged for protein density [302].

One advance is the development of statistical methods
that seek to better estimate usual intake of episodically
consumed foods. A two-part statistical model uses

information from two or more 24-hour recalls, allowing
for the inclusion of daily frequency estimates derived
from an FFQ, as well as any other potentially contributing
characteristic (such as age, race/ethnicity), as covariates
[303]. Frequency information contributes to the model by
providing additional information about an individual’s pro-
pensity to consume a food—information not available from
only a few recalls. The recalls, however, provide informa-
tion about the nature and amount of the food consumed.
Such methods are used to better measure usual intakes (see
Section V.C).

The development of these hybrid instruments in addition
to developing new analytical techniques combining infor-
mation from different assessment methods may hold great
promise for furthering our ability to accurately assess diets.
Table 1 summarizes the information related to the dietary
assessment methods outlined in this section.

ITII. DIETARY ASSESSMENT IN SPECIFIC
SITUATIONS

The choice of the most appropriate dietary assessment
method for a specific research question requires careful
consideration. The primary research question must be
clearly formed and questions of secondary interest should
be recognized as such. Projects can fail to achieve their
primary goal because of too much attention to secondary
goals. The choice of the most appropriate dietary assess-
ment tool depends on many factors. Questions that must be
answered in evaluating which dietary assessment tool is
most appropriate for a particular research need include
[158] the following: (1) Is information needed about
foods, nutrients, other food constituents or specific dietary
behaviors? (2) Is the average intake of a group or the intake
of each individual needed? (3) Is absolute or relative intake
needed? (4) What level of accuracy is needed? (5) What
time period is of interest? (6) What are the research con-
straints in terms of money, time, staff, and respondent
characteristics?

A. Cross-Sectional Surveys

One of the most common types of population-level studies
is the simple cross-sectional survey, a set of measurements
of a population at a particular point in time. When measure-
ments are collected on a cross-section at two or more times,
the data can be used for purposes of monitoring or surveil-
lance. Data collected in cross-sectional surveys are used
at the national, state, and local levels as the bases for
assessment of risk of deficiency, toxicity, overconsumption,
adherence to dietary guidelines and public health programs,
and food and nutrition policy. These cross-sectional surveys
assess food and nutrient intakes of individuals as well as
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TABLE 1 Advantages and Disadvantages of Dietary Assessment Instruments

Instrument Advantages

Disadvantages

Food record 1. Intake quantified

1. High investigator cost

2. Could enhance self-monitoring for weight control or 2. High respondent burden

other behavior change
3. Does not require recall of foods eaten

24-hour dietary recall 1. Intake quantified

N

for nonresponse bias
3. Relatively low respondent burden
4. Does not affect eating behavior

1. Usual individual intake asked

2. Information on total diet obtained
3. Low investigator cost

4. Does not affect eating behavior

Food frequency
questionnaire

1. Usual individual intake often asked
2. Low investigator cost

3. Low respondent burden

4. Does not affect eating behavior

Brief instruments

. Usual individual intake asked
. Information on total diet obtained

Diet history

DN =

3. Information often available on foods consumed by

meal
4. Can have low investigator cost
5. Does not affect eating behavior

3. Extensive respondent training and motivation
required
4. Many days needed to capture individual’s usual
intake
. Affects eating behavior
. Intake often underreported
. Reports of intake decrease with time
. Attrition increases with number of daily records
requested
9. May lead to nonrepresentative sample and
subsequent nonresponse bias

03 N W

. High investigator cost

. Appropriate for most populations, thus less potential 2. Many days needed to capture individual’s usual

intake
3. Intake often underreported

1. Not quantifiably precise
2. Difficult cognitive task for respondent
3. Intake often misreported

1. Not quantifiably precise

2. Difficult cognitive task for respondent

. Assessment limited to small number of nutrients/
foods

. Intake often misreported

w

N

. Not quantifiably precise

. Difficult cognitive task for respondent
. Intake often misreported

. Can have high investigator burden

FOS I NS I

intake distributions of populations (see Section V.C) at one
point in time. To assess trends in intakes over time, it would
be ideal for the data collection methods, sampling proce-
dures, and food composition databases used in dietary sur-
veillance to be similar from survey to survey. As a practical
matter, however, this is difficult. The dietary assessment
method used consistently over the years in national dietary
surveillance is the interviewer-administered 24-hour dietary
recall. However, recall methodology has changed over time
based on cognitive research, the addition of multiple inter-
viewing passes, standardization of probes, and automation
of the interview [304]. Another issue that affects the assess-
ment of trends over time is changes in the nutrient/food
grouping databases and specification of default foods.
Changes in the food supply are reflected in additions or
subtractions to food databases, whereas changes in

consumption trends lead to subsequent reassignment of
default choices for some foods (e.g., type of milk or fat
addition). Food composition databases, too, are modified
over time because of true changes in food composition or
improved analytic methods for particular nutrients. More
recently, databases have included values for food groups.
The first of these for a public use dataset was the Pyramid
Servings Database, produced by the USDA [305]. This
database is available in national dietary surveys conducted
in 1994-1996, 1998, and 1999-2002 and translates quanti-
ties of all foods (disaggregating ingredients of mixed dishes
at the commodity level) into servings of food groups con-
sistent with the 2000 Dietary Guidelines for Americans
[306]. This has recently been updated to the MyPyramid
Equivalents Database [305] modified to reflect the recom-
mendations in the 2005 Dietary Guidelines [307].
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In the past, there were two major cross-sectional surveil-
lance surveys, the NHANES and the Continuing Survey of
Food Intakes by Individuals (CSFII), conducted by the
National Center for Health Statistics (NCHS) and the
USDA, respectively [308-327]. Starting in 1999, these
two surveys were merged into a single national dietary
surveillance survey called What We Eat in America,
NHANES [51]. The 24-hour dietary recalls are collected
using USDA’s AMPM and the data are analyzed and pro-
cessed by the USDA. The 24-hour recalls in NHANES also
query the intake of dietary supplements. In the NHANES
2003-2004 and 2005-2006, two 24-hour dietary recalls
were conducted along with an extensive FFQ without por-
tion size (called the Food Propensity Questionnaire or FPQ)
[328]. Frequency data from the FPQ are intended to be used
as covariates in a new model to assess usual dietary intakes
[303] (see Section V.C). Information about the NHANES
surveys is available on both the USDA and NCHS websites
[329, 330].

The type of information required for a surveillance or
monitoring system can vary. For some purposes, quantitative
estimates of intake are needed, whereas for other purposes,
only qualitative estimates of intake, like food frequency or
behavioral indicators, are needed. There is a particular need
to monitor dietary trends at the local level. To help provide
local data, brief FFQs to assess fruit and vegetable intake
developed by the CDC for telephone administration have
been used periodically within BRFSS [186]. The California
Department of Health, in its California Dietary Practices
Survey, has assessed dietary practices since 1989 [331].
The California Health Interview Survey has assessed fruit
and vegetable intake in 2001 and 2005 [187].

B. Case-Control Studies

A case-control study design classifies individuals with
regard to disease status currently (as cases or controls)
and relates this to past (retrospective) exposures. For die-
tary exposure, the period of interest could be either the
recent past (e.g., the year before diagnosis) or the distant
past (e.g., 10 years ago or in childhood). Because of the
need for information about diet before the onset of disease,
dietary assessment methods that focus on current behavior,
such as the 24-hour recall, are not useful in retrospective
studies. The food frequency and diet history methods are
well suited for assessing past diet and are therefore the only
good choices for case-control studies.

In any food frequency or diet history interview, the
respondent is not asked to call up specific memories of
each eating occasion but to respond on the basis of general
perceptions of how frequently he or she ate a food. In case-
control studies, the relevant period is often the year before
diagnosis of disease or onset of symptoms, or at particular
life stages, such as adolescence and childhood. Thus, in

assessing past diet, an additional requirement is to orient
the respondent to the appropriate period.

The validity of recalled diet from the distant past is
difficult to assess, because definitive recovery biomarker
information (e.g., DLW or UN), is not available for large
samples from long ago. Instead, relative validity and long-
term reproducibility of various FFQs have been assessed in
various populations by asking participants from past dietary
studies to recall their diets from that earlier time [332, 333].
These studies have found that correlations between past and
current reports about the past vary by nutrient and by food
group [85], with higher correspondence for very frequently
consumed and rarely consumed foods compared to that for
moderately consumed foods [334]. Correspondence of retro-
spective diet reports with the diet as measured in the original
study has usually been greater than correspondence with diet
reported by subjects for the current (later) period. This obser-
vation implies that if diet from years in the past is of interest,
it is usually preferable to ask respondents to recall it than to
simply consider current diet as a proxy for past diet. The
current diets of respondents may affect their retrospective
reports about past diets. In particular, retrospective diet
reports from seriously ill individuals may be biased by recent
dietary changes [332,335]. Studies of groups in whom diet
was previously measured indicate no consistent differences
in the accuracy of retrospective reporting between those who
recently became ill and others [336, 337].

C. Prospective (Cohort) Studies

In the prospective study design, exposures of interest are
assessed at baseline in a group (cohort) of people and
disease outcomes occurring over time (prospectively) are
then related to the baseline exposure levels. In prospective
dietary studies, dietary status at baseline is measured and
related to later incidence of disease. In studies of many
chronic diseases, large numbers of individuals need to
be followed for years before enough new cases with
that disease accrue for statistical analyses. A broad assess-
ment of diet is usually desirable in prospective studies,
as many dietary exposures and many disease end points
will ultimately be investigated and areas of interest may
not even be recognized at the beginning of a prospective
study.

To relate diet at baseline to the eventual occurrence of
disease, a measure of the usual intake of foods by study
subjects is needed. Although a single 24-hour recall or a
food record for a single day would not adequately charac-
terize the usual diet of study subjects in a cohort study, such
information could be later analyzed at the group level for
contrasting the average dietary intakes of subsequent cases
with those who did not acquire the disease. Multiple dietary
recalls, records, diet histories, and food frequency methods
have all been used effectively in prospective studies. Cost
and logistic issues tend to favor food frequency methods, as



many prospective studies require thousands of respondents.
However, because of concern about significant measure-
ment error and attenuation attributed to the FFQ [180,
181, 183, 338, 339], other approaches are being sought.
One potential approach is the use of automated self-admi-
nistered 24-hour recall instruments (see Section IL.B).
Another approach is collection of multiple days of food
records at baseline, with later coding and analysis of
records for those respondents selected for analysis, using a
nested case-control design.

Even in large studies using FFQs, it is desirable to
include multiple recalls or records in subsamples of the
population (preferably before beginning the study) to con-
struct or modify the food frequency instrument and to
calibrate it (see Section V.G). Information on the foods
consumed could be used to ensure that the questionnaire
includes the major food sources of key nutrients, with
reasonable portion sizes. Because the diets of individuals
change over time, it is desirable to measure diet throughout
the follow-up period rather than just at baseline. One study
revealed that data from annual administrations of FFQs
showed only small dietary changes over time and that
repeat administrations more than 5 years apart would be
acceptable to assess dietary change over time [340]. If diet
is measured repeatedly over the years, repeated calibration
is also desirable. Information from calibration studies can
be used for three purposes: to give design information (e.g.,
the sample size needed [341]), to show how values from the
food frequency tool (or a brief food list thus derived) relate
to values from the recalls/records [156, 160], and to
determine the degree of attenuation/measurement error in
the estimates of association observed in the study
(e.g., between diet and disease) [172, 173, 175, 177, 179,
342-344] (see Section V.G).

D. Intervention Studies

Intervention studies range from relatively small, highly
controlled clinical studies of targeted participants to large
trials of population groups. Intervention studies may use
dietary assessment for two purposes: initial screening for
inclusion (or exclusion) into the study and measurement of
dietary changes resulting from an intervention. Not all
intervention trials require initial screening. For those that
do, screening can be performed using either detailed instru-
ments or less burdensome instruments. For example, food
frequency instruments have been used in the Women’s
Health Trial [221] and in the Women’s Health Initiative
Dietary Modification Trial [345] to identify groups with
high fat intake.

Measurement of the effects of a dietary intervention
requires a valid measure of diet before, during, and after
the intervention period. In small, intense clinical studies,
the expected intervention effect is usually relatively large,
whereas in larger community dietary intervention trials, the
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expected intervention effect may be relatively small and
thus difficult to detect. Some work has been done to exam-
ine the validity of methods to measure dietary change in
individuals or in populations [248, 346-348]. In relatively
small studies, dietary records, multiple 24-hour recalls, and
diet history questionnaires have been used. Large interven-
tion studies, because of resource constraints, usually rely on
less precise measures of diet, including FFQs and brief
instruments. However, these resource constraints may
become less important as automated self-administered
instruments become available. Measurement of specific
dietary behaviors in addition to, or even in place of, dietary
intake could be considered in intervention evaluations when
the nature of the intervention involves education about
specific behaviors. If, for instance, a community-wide cam-
paign to choose low-fat dairy products were to be evalu-
ated, food selection and shopping behaviors specific to
choosing those items could be measured.

Intentional behavior change is a complex and sequential
phenomenon, as has been shown for tobacco cessation
[349]. A complex sequence of events may also lead to
dietary change [350]. The effects of educational interven-
tions might also be assessed by measuring knowledge,
attitudes, beliefs, barriers, and perceptions of readiness for
dietary change, although the reliability of these types of
questions has not been well assessed.

Whether an intervention is targeting individuals or the
entire population, repeated measures of diet among study
subjects can reflect reporting bias in the direction of the
change being promoted. Even though not intending to be
deceptive, some respondents may tend to report what they
think investigators want to hear. Social desirability bias and
social approval bias can be measured and the resulting
scales incorporated into intervention analyses. Behavioral
questions and the food frequency method, because of their
greater subjectivity, may be more susceptible to social
desirability biases than is the 24-hour recall method [49,
184]. On the other hand, greater awareness of diet because
of the intervention may enhance accuracy of report. None-
theless, because self-reports of diet are subject to bias in the
context of an intervention study, an independent assessment
of dietary change should be considered. For example, food
availability or sales in worksite cafeterias, school cafeterias,
or vending machines could be monitored. One such method
useful in community-wide interventions is monitoring food
sales [351]. Often, cooperation can be obtained from food
retailers [352]. Because of the large number of food items,
only a small number should be monitored, and the large
effects on sales of day-to-day pricing fluctuations should be
carefully considered. Another method to consider is mea-
suring changes in biomarkers of diet, for example, serum
carotenoids [353] or serum cholesterol [354], in the popula-
tion. Consistency of changes in self-reported diet and
appropriate biomarkers provides further evidence for real
changes in the diet. See Chapter 11 for a more in-depth
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TABLE 2 Dietary Assessment in Different Study Situations

Study Situation Methods Commonly Used

Cross-sectional/ 24-hour recall; FFQ; brief instruments
surveillance

Case-control
(retrospective)

Cohort (prospective)

FFQ; diet history

FFQ; diet history; 24-hour recall;
record

Intervention FFQ; brief instruments; 24-hour recall

discussion of evaluation of nutrition interventions and
Chapter 12 for the use of biomarkers in intervention studies.
A quick guide summarizing preferred dietary assessment
methods based on study design is shown in Table 2.

IV. DIETARY ASSESSMENT IN SPECIAL
POPULATIONS

A. Respondents Unable to Self-Report

In many situations, respondents are unavailable or unable to
report about their diets. For example, in case-control stu-
dies, surrogate reports may be obtained for cases who have
died or who are too ill to interview. Although the accuracy
of surrogate reports has not been examined, comparability
of reports by surrogates and subjects has been studied in
hopes that surrogate information might be used inter-
changeably with information provided by subjects [355].
Common sense indicates that individuals who know most
about a subject’s lifestyle would make the best surrogate
reporters. Adult siblings provide the best information about
a subject’s early life, and spouses or children provide the
best information about a subject’s adult life. When food
frequency instruments are used, the level of agreement
between subject and surrogate reports of diet varies with
the food and possibly with other variables such as number
of shared meals, interview situation, case status, and sex of
the surrogate reporter. Mean frequencies of use computed
for individual foods and food groups between surrogate
reporters and subject reporters tend to be similar [356—
358], but agreement is much lower when detailed categories
of frequency are compared. Several studies have shown that
agreement is better for alcoholic beverages, coffee, and tea
than for other foods.

Although subjects reporting themselves in the extremes
of the distribution are seldom reported by their surrogates in
the opposite extreme, many subjects who report they are in
an extreme are reported by their surrogates in the middle of
the distribution [359]. This may limit the usefulness of
surrogate information for analyses at the individual level
that rely on proper ranking. Furthermore, there may be a
substantial difference in the quality of surrogate reports

between spouses of deceased subjects and spouses of sur-
viving subjects [360]. Thus far, however, there is little
evidence that dietary intakes are systematically overre-
ported or underreported depending on case status of the
subject [361-363]. Nonetheless, use of surrogate respon-
dents should be minimized for obtaining dietary informa-
tion in analytical studies. When used, analyses excluding
the surrogate reports should be done to examine the sensi-
tivity of the reported associations to possible errors or
biases in the surrogate reports. If planning a study using
surrogate reports, sample size should be inflated to account
for the higher frequency of missing data, inability to recruit
surrogates for some number of cases, and reduced precision
of dietary estimates.

B. Ethnic Populations

Special modifications are needed in the content of dietary
assessment methods when the study population is com-
posed of individuals whose cuisine or cooking practices
are not mainstream [364]. If the method requires an inter-
view, interviewers of the same ethnic or cultural back-
ground are preferable so that dietary information can be
more effectively communicated. If dietary information is to
be quantified into nutrient estimates, examination of the
nutrient composition database is necessary to ascertain
whether ethnic foods are included and whether those
foods and their various preparation methods represent
those consumed by the target population [365]. It is also
necessary to examine the recipes and assumptions under-
lying the nutrient composition of certain ethnic foods. Very
different foods may be called the same name, or similar
foods may be called by different names [366]. For these
reasons, it may be necessary to obtain detailed recipe infor-
mation for all ethnic mixtures reported.

To examine the suitability of the initial database, base-
line recalls or records with accompanying interviews should
be collected from individuals in the ethnic groups. These
interviews should focus on all the kinds of food eaten and
the ways in which foods are prepared in that culture.
Recipes and alternative names of the same food should be
collected, and interviewers should be familiarized with the
results of these interviews. Recipes and food names that are
relatively uniform should be included in the nutrient com-
position database. Even with these modifications, it may be
preferable to collect detailed descriptions of ethnic foods
reported rather than to directly code these foods using
preselected lists most common in computer-assisted meth-
ods. This would prevent the detail of food choice and
preparation from being lost by a priori coding.

Use of FFQs developed for the majority population may
be suboptimal for many individuals with ethnic eating pat-
terns. Many members of ethnic groups consume both foods
common in the mainstream culture and foods that are



specific to their own ethnic group. A food list can be
developed either by modifying an existing food list based
on expert judgment of the diet of the target population or,
preferably, by examining the frequency of reported foods in
the population from a set of dietary records or recalls. FFQs
for specific groups including Navajos [367], Chinese Amer-
icans [368], individuals in Northern India [369], Hispanics
[117, 370], and Israelis [371] have been developed using
these approaches.

Besides the food list, however, there are other important
issues to consider when adapting existing FFQs for use in
other populations. The relative intake of different foods
within a food group line item may differ, thus requiring a
change in the nutrient database associated with each line
item. For example, Latino populations may consume more
tropical fruit nectars and less apple and grape juice than the
general U.S. population and therefore would require a dif-
ferent nutrient composition standard for juices. In addition,
the portion sizes generally used may differ [372]. For
example, rice may be consumed in larger quantities in
Latino and Asian populations; the amount attributed to a
large portion for the general population may be substan-
tially lower than the amount typically consumed by Latino
and Asian populations. Adaptation of an existing FFQ con-
sidering all of these factors is illustrated for an elderly
Puerto Rican population [373], for white and African-
American adults in the Lower Mississippi Delta [374],
and for the Hawaii—Los Angeles Multiethnic Cohort Study
[120].

The performance of FFQs varies across ethnic groups
[375]. Questionnaires aimed at allowing comparison of
intakes across multiple cultures have been developed; how-
ever, studies done thus far indicate that there are validity
differences among the various cultural groups [116, 120,
373, 376-378]. Understanding these validity differences is
crucial to the appropriate interpretation of study results.

C. Children and Adolescents

Assessing the diets of children is considered to be even
more challenging than assessing the diets of adults. Chil-
dren tend to have diets that are highly variable from day-to-
day, and their food habits can change rapidly. Younger
children are less able to recall, estimate, and cooperate in
usual dietary assessment procedures, so much information
by necessity has to be obtained by surrogate reporters.
Adolescents, although more able to report, may be less
interested in giving accurate reports. Baranowski and
Domel have posited a cognitive model of how children
report dietary information [379].

The literature about dietary assessment in children and
adolescents has been reviewed [380-386]. The 24-hour die-
tary recall, food records (including precoded checklists
[15]), dietary histories, food frequency instruments, brief
instruments [193, 387, 388], and blended instruments, such
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as a record-assisted 24-hour dietary recall [297], have all
been used to assess children’s intakes. The use of direct
observation of children’s diets has also been used exten-
sively, often as a reference method to compare with self-
reported instruments [389]. As predicted from the model
posited earlier, children’s estimates of portion size had large
errors [390], and children were found to be less able than
adults to estimate portion sizes [391] (also see Section V.A).

For preschool-aged children, information is obtained
from surrogates, usually the primary caretaker(s), who
may typically be a parent or an external caregiver. If infor-
mation can be obtained only from one surrogate reporter,
the reports are likely to be less complete. Even for periods
when the caregiver and child are together, foods tend to be
underestimated [392]. A “‘consensus’ recall method, in
which the child and parents report as a group on a 24-hour
dietary recall, has been shown to give more accurate infor-
mation than a recall from either parent alone [393]. Sobo
and Rock [394] have described such interviews and
suggested tips for interviewers to maximize data accuracy.
For older children, a blended instrument, the record assisted
24-hour recall (in which the children record only the names
of foods and beverages consumed throughout a 24-hour
period, serving as a cue for the later 24-hour recall inter-
view) has been developed and tested [297, 298]. However,
for school-aged and adolescents, there is no consensus
of which dietary assessment method is most accurate.

Adaptation of food frequency instruments originally
developed for adults requires consideration of the instru-
ment itself (food list, question wording and format, portion
size categories) and the database for converting responses
to nutrient intakes. Food frequency instruments have
been especially developed and tested for use in child and
adolescent populations [13, 395, 396]. Generally correla-
tions between the criterion instrument and food frequency
instruments have been lower in child and adolescent
populations than in adult populations.

D. Elderly

Measuring diets among the elderly can, but does not neces-
sarily, present special problems [397, 398]. Both recall and
food frequency techniques are inappropriate if memory is
impaired or if the use of medications impairs cognitive
functioning, Similarly, self-administered tools may be
inappropriate if physical disabilities including poor vision
are present. Direct observation in institutional care facil-
ities or shelf inventories for elders who live at home can be
useful. Even when cognitive integrity is not impaired, other
factors can affect the assessment of diet among the elderly.
Because of the frequency of chronic illness in this age
group, special diets (e.g., low sodium, low fat, high fiber)
have often been recommended. Such recommendations
could not only affect actual dietary intake but could also
bias reporting, as individuals may report what they should
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TABLE 3 Optimal Strategies for Special Populations

Special Population Optimal Strategies

Respondents unable
to self-report

Use best-informed surrogate.
Analyze effect of potential bias on study
results.

Use interviewers of same ethnic
background.

Use nutrient composition database
reflective of foods consumed.

For FFQs, use appropriate food list and
nutrient composition database.

Ethnic populations

Children For young children, use caretakers in
conjunction with child.

For older children and adolescents,
blended instrument and other creative
ways of engagement and motivation

may work best.

Elderly Assess any special considerations,
including memory, special diets,
dentition, use of supplements, and so on,

and adapt methods accordingly.

eat rather than what they do eat. Alternatively, respondents
on special diets may be more aware of their diets and may
more accurately report them. When dentition is poor, the
interviewer should probe for foods that are prepared or
consumed in different ways. Elderly individuals frequently
take multiple types of nutritional supplements, which pre-
sent special problems in dietary assessment (see Chapter 2).
Because of the concern of malnutrition among the elderly,
specific instruments to detect risk of malnutrition, such as
the Nutrition Screening Initiative [399] and the Mini Nutri-
tional Assessment [400], have been developed.

Adaptations of standard dietary assessment methods have
been suggested and evaluated, including the use of memory
strategies, prior notification of a dietary interview [401],
combining methods [300], adapting existing instruments
[402], and developing new approaches. Research suggests
that under many circumstances the validity of dietary infor-
mation collected from the elderly is comparable to that
collected from younger adults [403].

The principles discussed in this section are summarized
in Table 3.

V. SELECTED ISSUES IN DIETARY
ASSESSMENT METHODS

A. Estimation of Portion Size

Research has shown that untrained individuals have diffi-
culty estimating portion sizes of foods, both when examining
displayed foods and when reporting about foods previously

consumed [391, 404-415], and that children are worse than
adults [391]. Further, respondents appear to be relatively
insensitive to changes made in portion size amounts shown
in reference categories asked on FFQs [416]. Portion sizes of
foods that are commonly bought or consumed in defined
units (e.g., bread by the slice, pieces of fruit, beverages in
cans or bottles) may be more easily reported than amorphous
foods (e.g., steak, lettuce, pasta) or poured liquids. Other
studies indicate that small portion sizes tend to be overesti-
mated and large portion sizes underestimated [406, 417].

Aids are commonly used to help respondents estimate
portion size. NHANES, What We Eat in America, uses an
extensive set of three-dimensional models for an initial in-
person 24-hour dietary recall; respondents are then given a
Food Model Booklet developed by the USDA [53] along
with a limited number of three-dimensional models (such as
measuring cups and spoons) for recalls collected by tele-
phone. Studies that have compared three-dimensional food
models to two-dimensional photographs have shown that
there is little difference in the reporting accuracy between
methods [390, 415, 418, 419]. The accuracy of reporting
using either models or household measures can be
improved with training [420-423], but the effects deterio-
rate with time [424].

B. Mode of Administration

For interviewer-administered instruments, one way that the
costs of collecting dietary information may be reduced is to
administer the instrument by telephone. Costs can be
further reduced by use of self-administered questionnaires
by mail. Both telephone and mail surveys are less invasive
than are face-to-face interviews. The use of telephone sur-
veys to collect dietary information has been reviewed [425].
Telephone surveys have higher response rates than do mail
surveys [426] and have been used in a variety of public
health research settings [427]. However, there is increasing
concern about response rates in telephone surveys given the
prevalence of telemarketing and technology, which allows
for the screening of calls. Nevertheless, interviews by tele-
phone can be substantially less expensive than face-to-face
interviews. The difficulty of reporting serving sizes by
telephone can be eased by mailing picture booklets or
other portion size estimation aids to the participants before
the interview.

Many studies have evaluated the comparability of data
from telephone versus in-person 24-hour dietary recall
interviews. Several have found substantial but imperfect
agreement between dietary data collected by telephone
and that estimated by other methods, including face-to-
face interviews [50, 428-433], expected intakes [434], or
observed intakes [435]. Accuracy of portion size estimates
for known quantities of foods consumed assessed by
telephone and by in-person interviews was examined and
found to be similarly accurate [415, 436]. One study



found comparability of telephone and in-person interviews
among urban African-American women [437]. However,
some segments of the population do not have telephones,
and some persons will not answer their telephones under
certain circumstances. In addition, an increasing proportion
of the population has only wireless phones; this is particu-
larly prevalent among young adults [438]. Therefore, it is
important to consider sampling schemes that account for
these concerns so that potential respondents without land-
line telephones are included [427].

For FFQs or brief instruments, self-administration is less
costly than interviewer-administration. However, self-
administration may be unfeasible for large portions of the
population who have low literacy levels or limited motiva-
tion. Thus, selection bias is a potential problem.

Self-administered tools can be completed on paper or
electronically. Various FFQs [147] and dietary history
questionnaires [439] are available for completion on the
computer. Web-administered dietary assessment with wire-
less phone and PDA technology is also an area of great
potential. As this mode of administration becomes more
prevalent, it will be important to examine the comparability
with in-person and telephone-administered modes, as well
as the potential for selection effects. One study in Sweden
found a lower initial response rate to a Web questionnaire
compared to a mailed printed questionnaire, but there was a
greater compliance in answering follow-up questions with
Web respondents [440].

C. Estimating Usual Intakes of Nutrients
and Foods

Knowledge of the usual intakes of foods and nutrients are of
interest to assess both individual intakes and population
distributions. To assess risk of chronic disease for epide-
miological research or in clinical settings, it is individual
level data that are of interest. To assess the proportion of the
population at risk for deficiency or toxicity, however, usual
intake distributions are necessary. In theory, usual intake is
defined as the long-run average intake of a food or nutrient.
A major problem is that true usual intake is not observable.

Data from FFQs, 24-hour recalls, and records have all
been used as surrogates to estimate usual intake. Dietary
recalls are most often used in surveillance, and FFQs,
which ask about usual intake over a specified time period,
are primarily used in epidemiological research investigating
diet and disease relationships. FFQs, however, are limited in
their ability to estimate usual intake well and are known to
contain a substantial amount of measurement error [72, 109].
Recalls or records, which also contain error, focus on short
time periods but provide richer detail about types of foods
and amounts consumed. Importantly, intakes reported for
only a few days do not capture day-to-day variation in
intakes, an important factor when attempting to estimate
usual intakes. Although usual intake estimations can be
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improved with additional days of data collection, averaging
intakes across a few days does not adequately represent usual
intakes [441]. Thus, more sophisticated methods based on
statistical modeling have evolved [442]. Without such meth-
ods, as many as 7 to 14 days of data collection might be
necessary for most nutrients and food groups [443], a num-
ber that is impractical in most large-scale nutrition research.

When only a few days are used to represent usual intake
distributions, the lack of information regarding within-person
variation is considerable, leading to biased estimates. Dis-
tributions generated from averaging only a few days of data
are generally substantially wider than true usual intakes,
thereby overestimating the proportion of the population
above or below a certain cut point. Statistical modeling
mitigates some of the limitation of having only a few days
of intake by analytically estimating and removing the effects
of within-person variation in dietary intake [441]. The ear-
liest efforts at statistical modeling were developed by the
Institute of Medicine [444] and then extended by researchers
at Jowa State University [445, 446]. Both of these methods
work best for estimating usual intakes of nutrients, most of
which are consumed nearly every day by most everyone. For
foods or food groups that are more episodically consumed
(e.g., dark green vegetables), there is a revised version of the
modeling by Iowa State University [447]. The NCI recently
developed a new usual intake model that is an improvement
over previous statistical methods [303]. This method uses
two 24-hour recalls to estimate intake of both nutrients and
episodically consumed foods. Unlike previous methods, this
model allows for covariates such as sex, age, race, or infor-
mation from an FFQ to supplement the model. The use of
frequency information from an FFQ as a covariate in a
statistical model is novel. Such data may add important
information about an individual’s propensity to consume a
food—information that is often missing with just a few
dietary recalls [328]. A frequency instrument can substan-
tially improve the power to detect relationships between
dietary intakes and other variables. The amount of improve-
ment depends on the specific food or nutrient in question and
the population under study. Extensive frequency data were
collected in 2003-2004 and 2005-2006 for use in estimating
usual intakes (see Section III.A).

D. Choice of Nutrient/Food Database

When dietary data are to be converted to nutrient intake
data, it is necessary to use a nutrient composition database.
Typically, such a database includes the description of the
food, a food code, and the nutrient composition per 100
grams of the food. The number of foods and nutrients
included varies with the database.

Some values in nutrient databases are obtained from
laboratory analysis; however, because of the high cost of
laboratory analyses, many values are estimated based on
conversion factors or other knowledge about the food [448].



20 SECTION I - A. Assessment Methods for Research and Practice

In addition, accepted analytical methods are not yet avail-
able for some nutrients of interest [449], analytical quality
of the information varies with nutrient [449, 450], and the
variances or ranges of nutrient composition of individual
foods is in most cases unknown [451]. Rapid growth in the
food processing sector and the global nature of the food
supply add further challenges to estimating the mean and
variability in the nutrient composition of foods.

One of the USDA’s primary missions is to provide nutri-
ent composition data for foods in the U.S. food supply,
accounting for various types of preparation [452]. USDA
produces and maintains the “Nutrient Database for Standard
Reference,” which includes information on up to 140 food
components for 7293 foods. Values for individual carote-
noids, selected trans-fatty acids, individual sugars, and vita-
min K have been incorporated into Release 19 of the Nutrient
Database for Standard Reference (NDSR) [453]. In addition,
information on about 50 traditional or subsistence foods from
the American Indian/Alaska Native Foods Database have
been added to this release. Interest in nutrients and food
components potentially associated with diseases has led to
development of databases for limited numbers of foods.
These include databases for flavonoids, proanthocyanidins,
choline, and fluoride [454]. Information regarding USDA’s
nutrient composition databases is available at the USDA’s
Nutrient Data Laboratory home page [455]. Another data-
base, the USDA Food and Nutrient Database for Dietary
Studies, is used for the analysis of survey data in NHANES
[63]. It includes information describing each of the approxi-
mately 7000 foods, food portions and weights, and nutrient
information (derived from the NDSR). The International
Network of Food Data Systems (INFOODS) maintains an
international directory of nutrient composition data [456].
The recent compilation of some databases throughout the
world is found on its website [457].

Research on nutrients (or other dietary constituents) and
foods is ongoing. Constant interest in updating current
values and providing new values for a variety of dietary
constituents remains a priority for researchers. In addition,
in the United States, methods that relate dietary intake to
dietary guidance have been developed [458, 459]. The 2005
MyPyramid Food Guidance System is based on the 2005
Dietary Guidelines for Americans [307] and produces esti-
mates of servings for 30 components of MyPyramid gui-
dance (e.g., dairy, fruits, vegetables) [460]. Each food not
only has a nutrient profile but also has a MyPyramid profile.
One limitation in all nutrient databases is the variability in
the nutrient content of foods within a food category [461,
462] and the volatility of nutrient composition in the man-
ufactured foods; these limitations are particularly proble-
matic for estimating fatty acids. Depending on the level of
detail queried on the dietary assessment instrument, the
respondent’s knowledge of specific brand names, and the
specificity of a particular nutrient database, estimating
accurate fatty acid intake can be problematic. For FFQs,

collapsing foods into categories that might have highly
variable nutrient contents compounds this problem.

Many other databases are available in the United States
for use in analyzing records and recalls, but most are based
fundamentally on the USDA database, often with added
foods and specific brand names. One prominent such data-
base in the United States is the Nutrition Data System for
Research (NDS-R) developed by the Nutrition Coordinat-
ing Center (NCC) housed at the University of Minnesota
[463]. This database includes information on 144 food
components for more than 18,000 foods including 8000
brand name products. The NCC is constantly updating its
database to reflect values in the latest release of the NDSR.

Estimates of nutrient intake from dietary recalls and
records are often affected by the nutrient composition data-
base that is used to process the data [464-466]. Any differ-
ences may be due to the number of food items in the
database, the recency of nutrient data, and the number of
missing or imputed nutrient composition values. Therefore,
before choosing a nutrient composition database, a prime
factor to consider is the completeness and accuracy of the
data for the nutrients of interest. For some purposes, it may
be useful to choose a database in which each nutrient value
for each food also contains a code for the quality of the data
(e.g., analytical value, calculated value, imputed value, or
missing). Investigators need to be aware that a value of zero
is assigned to missing values in some databases. The nutri-
ent database should also include weight/volume equiva-
lency information for each food item. Many foods are
reported in volumetric measures (e.g., 1 cup) and must be
converted to weight in grams. The number of common
mixtures (e.g., spaghetti with sauce) available in the data-
base is another important factor. If the study requires pre-
cision of nutrient estimates, then procedures for calculating
the nutrients in various mixtures must be developed
and incorporated into nutrient composition calculations.
Another key consideration is how the database is main-
tained and supported.

Developing a nutrient database for an FFQ presents
additional challenges as nutrient composition values need
to be assigned for a food grouping instead of an individual
food item. Various approaches which rely on 24-hour recall
data, either from a national population sample or a sample
similar to the target population, have been used [88, 112,
467]. Generally, individual food codes from 24-hour recall
data are grouped into FFQ food groupings, and a composite
nutrient profile for each food grouping is estimated based
on the individual foods’ relative consumption. Again, for
this approach to be effective, the 24-hour data need to be
connected to a trustworthy nutrient database.

E. Choice of Dietary Analysis Software

Computerized data processing requires creating a file that
includes a food code and an amount consumed for each food



reported. Computer software then links the nutrient com-
position of each food on the separate nutrient composition
database file, converts the amount reported to multiples of
100 g, multiplies by that factor, stores that information, and
sums across all foods for each nutrient for each individual.
Many computer packages have been developed that include
both a nutrient composition database and software to convert
individual responses to specific foods and, ultimately, to
nutrients. A listing of many commercial dietary analysis
software products was made available in 2006 [457].

Software should be chosen on the basis of the research
needs, the level of detail necessary, the quality of the nutrient
composition database, and the hardware and software
requirements [468]. If precise nutrient information is
required, it is important that the system is able to expand to
incorporate information about newer foods in the market-
place and to integrate detailed information about food
preparation (e.g., homemade stew) by processing recipe
information. Sometimes the study purpose requires analysis
of dietary data to derive intake estimates not only for nutri-
ents but also for food groups (e.g., fruits and vegetables),
food components other than standard nutrients (e.g., nitrites),
or food characteristics (e.g., fried foods). These additional
requirements limit the choice of appropriate software.

The automated food coding system used for the
NHANES is the USDA’s AMPM [56]. The AMPM is a
network dietary coding system that provides online coding,
recipe modification and development, data editing and
management, and nutrient analysis of dietary data with
multiple user access to manage the survey activities. It is
available to government agencies and the general public
only through special arrangement with USDA. A similar
program is available in a commercial software program
called the Food Intake Analysis System [469] available
from the University of Texas.

Many diet history and food frequency instruments have
also been automated. Users of these software packages
should be aware of the source of information in the nutrient
database and the assumptions about the nutrient content of
each food item listed in the questionnaire.

F. Cognitive Testing Research Related to
Dietary Assessment

Nearly all studies using dietary information about subjects
rely on the subjects’ own reports of their diets. Because
such reports are based on complex cognitive processes, it is
important to understand and take advantage of what is
known about how respondents remember dietary informa-
tion and how that information is retrieved and reported to
the investigator. Several investigators have discussed the
need for and importance of such considerations in the
assessment of diet [332, 379, 416, 470-472], and research
using cognitive testing methods in dietary assessment
has been reported [110, 218, 263, 279, 416, 473-478].
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A thorough description of cognitive interviewing methods
is found in Willis [479].

There is an important distinction between specific and
generic memories of diet. Specific memory relies on parti-
cular memories about episodes of eating and drinking,
whereas generic memory relies on general knowledge
about the respondent’s typical diet. A 24-hour recall relies
primarily on specific memory of all actual events in the very
recent past, whereas an FFQ that directs a respondent to
report the usual frequency of eating a food over the previous
year relies primarily on generic memory. As the time
between the behavior and the report increases, respondents
may rely more on generic memory and less on specific
memory [471].

What can the investigator do to enhance retrieval and
improve reporting of diet? Research indicates that the
amount of dietary information retrieved from memory can
be enhanced by the context in which the instrument is admin-
istered and by use of specific memory cues and probes. For
example, for a 24-hour dietary recall, foods that the respon-
dent did not initially report can be recovered by interviewer
probes. The effectiveness of these probes is well established
and is therefore part of the interviewing protocols for all
standardized high-quality 24-hour dietary recalls including
those administered in the NHANES. Probes can be useful in
improving generic memory, too, when subjects are asked to
report their usual diets from periods in the past [332, 472].
Such probes can feature questions about past living situations
and related eating habits.

The way in which questions are asked can affect
responses. Certain characteristics of the interviewing situa-
tion may impact the social desirability of particular
responses for foods seen as “good” or “bad.” For example,
the presence of other family members during the dietary
interview may enhance social desirability bias, especially
for certain foods like alcoholic beverages. An interview in a
health setting such as a clinic may also enhance biases
related to the social desirability of foods tied to compliance
with dietary recommendations previously made for health
reasons. In all instances, interviewers should be trained to
refrain from either positive or negative feedback and should
repeatedly encourage subjects to accurately report all foods.

G. Validation/Calibration Studies

It is important and desirable that any new dietary assess-
ment method be validated or calibrated against other more
established methods [176, 177, 179, 480]. Furthermore,
even if an instrument has been evaluated, its proposed use
in a different population may warrant additional validation
research in that population. The purpose of such studies is
to better understand how the method works in the particular
research setting and to use that information to better inter-
pret results from the overall study. Before a new FFQ or
brief assessment questionnaire is used in the main study, for
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example, it should be evaluated in a validation/calibration
study that compares the questionnaire to another dietary
assessment method, for example, 24-hour dietary recalls
or a more detailed FFQ, obtained from the same indivi-
duals, and, preferably, to biological markers such as DLW
or UN. The NCI maintains a register of validation/calibra-
tion studies and publications on the Web [481].

Validation studies yield information about how well the
new method is measuring what it is intended to measure,
and calibration studies use the same information to relate
(calibrate) the new method to a reference method using a
regression model. Validation/calibration studies are chal-
lenging because of the difficulty and expense in collecting
independent dietary information. Some researchers have
used observational techniques to establish true dietary
intake [83, 392, 482, 483]. Others have used laboratory
measures, such as the 24-hour urine collection to measure
protein, sodium, and potassium intakes and the DLW tech-
nique to measure energy expenditure [24-30, 70, 75, 126,
165, 166, 168, 484]. However, the high cost of this latter
technique can make it impractical for most studies. The
overall validity of energy intake estimates from the dietary
assessment can be roughly checked by comparing weight
data to reported energy intakes, in conjunction with use of
equations to estimate basal energy expenditure [27, 36, 38,
39, 43, 46, 81, 82, 484-486] (also discussed in Chapter 4).

Because they are relatively expensive to conduct, vali-
dation/calibration studies are done on subsamples of the
total study sample. However, the sample should be suffi-
ciently large to estimate the relationship between the study
instrument and a reference method with reasonable preci-
sion. Increasing the numbers of individuals sampled and
decreasing the number of repeat measures per individual
(e.g., two nonconsecutive 24-hour recalls on 100 people
rather than four recalls on 50 people) can often help to
increase precision without extra cost [487]. To the extent
possible, the sample should be chosen randomly.

The resulting statistics, which quantify the relationship
between the new method and the reference method, can be
used for a variety of purposes. Because, in most cases, the
reference method (usually records or recalls) is itself imper-
fect and subject to within-person error (day-to-day varia-
bility), measures such as correlation coefficients may
underestimate the level of agreement with the actual usual
intake. This phenomenon, referred to as “attenuation bias,”
can be corrected for using measurement error models that
allow for within-person error in the reference instrument,
resulting in estimates that more nearly reflect the correla-
tion between the diet measure and true diet [341, 344]. The
corrected correlation coefficients also give guidance as to
the sample size required in a study, as the less precise the
diet measure, the more individuals will be needed to attain
the desired statistical power [341]. The estimated regression
relationship between the new method and the reference
method can also be used to adjust the relationships between

diet and outcome as assessed in the larger study [160]. For
example, the mean amounts of foods or nutrients, and their
distributions, as estimated by a brief method, can be
adjusted according to the calibration study results [488].
In addition, methods to adjust estimates of relationships
measured in studies (e.g., relative risk of disease for sub-
jects with high nutrient intake compared to those with low
intake) have been described [172, 173, 344, 489, 490].
Many of these adjustments require the assumption that the
reference method is unbiased [172, 342]. There is much
evidence, however, that, at least for some nutrients, the
reported intakes from recalls and records are also biased
in a manner correlated with the tool of interest (such as an
FFQ) [109], violating this assumption. Violation of this
assumption would lead to overestimates of validity. For
these reasons, researchers have sometimes used as refer-
ence measures biomarkers such as UN that have been
shown in feeding studies to be unbiased measures of intake.
Currently, however, only a few such biomarkers are known.
Another area in need of further study is the effect of mea-
surement error in a multivariate context, as most research
thus far has been limited to the effect on univariate relation-
ships [175, 179, 491, 492].

Acknowledgments

We gratefully acknowledge the contributions of Susan M.
Krebs-Smith, Rachel Ballard-Barbash, Douglas Midthune,
and Gordon B. Willis in reviewing and editing portions of
this chapter. We also thank Meredith A. Morrissette and
Penny Randall-Levy for invaluable research assistance.

References

1. Thompson, F. E., and Subar, A. F. (2001). Chapter 1. Dietary
assessment methodology. /n “Nutrition in the Prevention and
Treatment of Disease” (A. M. Coulston, C. L. Rock, and E. R.
Monsen, Eds.). Academic Press, San Diego, CA, pp. 3-30.

2. Thompson, F. E., and Byers, T. (1994). Dietary assessment
resource manual. J. Nutr. 124, 2245S5-2318S.

3. Gersovitz, M., Madden, J. P., and Smiciklas-Wright, H. (1978).
Validity of the 24-hr. dietary recall and seven-day record for
group comparisons. J. Am. Diet. Assoc. 73, 48-55.

4. Todd, K. S., Hudes, M., and Calloway, D. H. (1983). Food
intake measurement: problems and approaches. Am. J. Clin.
Nutr. 37, 139-146.

5. Kretsch, M. J., and Fong, A. K. (1993). Validity and reprodu-
cibility of a new computerized dietary assessment method:
effects of gender and educational level. Nutr. Res. 13, 133-146.

6. Di, N. J., Contento, I. R., and Schinke, S. P. (2007). Criterion
validity of the Healthy Eating Self-monitoring Tool (HEST)
for black adolescents. J. Am. Diet. Assoc. 107, 321-324.

7. Bingham, S. A., Gill, C., Welch, A., Day, K., Cassidy, A.,
Khaw, K. T., Sneyd, M. J,, Key, T. J., Roe, L., and Day, N. E.
(1994). Comparison of dietary assessment methods in
nutritional epidemiology: weighed records v. 24h recalls,



8.

13.

14.

15.

17.

18.

19.

20.

21.

22.

23.

24.

food-frequency questionnaires and estimated-diet records. Br. J.
Nutr. 72, 619-643.
Lindquist, C. H., Cummings, T., and Goran, M. L. (2000). Use
of tape-recorded food records in assessing children’s dietary
intake. Obes. Res. 8, 2—11.

. My Pyramid, Tracker. (2007). Center for Nutrition Policy and

Promotion, U.S. Department of Agriculture. Available at
www.mypyramidtracker.gov.

. Beasley, J., Riley, W. T., and Jean-Mary, J. (2005). Accuracy

of a PDA-based dietary assessment program. Nutrition 21,
672-677.

. Wang, D. H., Kogashiwa, M., and Kira, S. (2006). Develop-

ment of a new instrument for evaluating individuals’ dietary
intakes. J. Am. Diet. Assoc. 106, 1588-1593.

. Johnson, N. E., Sempos, C. T., Elmer, P. J., Allington, J. K.,

and Matthews, M. E. (1982). Development of a dietary intake
monitoring system for nursing homes. J. Am. Diet. Assoc. 80,
549-557.

Hammond, J., Nelson, M., Chinn, S., and Rona, R. J. (1993).
Validation of a food frequency questionnaire for assessing
dietary intake in a study of coronary heart disease risk factors
in children. Eur. J. Clin. Nutr. 47, 242-250.

Johnson, N. E., Nitzke, S., and VandeBerg, D. L. (1974). A
reporting system for nutrition adequacy. Home. Econ. Res. J.
2, 210-221.

Lillegaard, 1. T., Loken, E. B., and Andersen, L. F. (2007).
Relative validation of a pre-coded food diary among children,
under-reporting varies with reporting day and time of the day.
Eur. J. Clin. Nutr. 61, 61-68.

. Gibson, R. S. (2005). “Principles of Nutritional Assessment.”

Oxford University Press, New York.

Rebro, S. M., Patterson, R. E., Kristal, A. R., and Cheney, C. L.
(1998). The effect of keeping food records on eating patterns.
J. Am. Diet. Assoc. 98, 1163-1165.

Vuckovic, N., Ritenbaugh, C., Taren, D. L., and Tobar, M.
(2000). A qualitative study of participants’ experiences with
dietary assessment. J. Am. Diet. Assoc. 100, 1023-1028.
Glanz, K., Murphy, S., Moylan, J., Evensen, D., and Curb, J. D.
(2006). Improving dietary self-monitoring and adherence with
hand-held computers: a pilot study. Am. J. Health Promot. 20,
165-170.

Goris, A. H., Westerterp-Plantenga, M. S., and Westerterp,
K. R. (2000). Undereating and underrecording of habitual
food intake in obese men: selective underreporting of fat
intake. Am. J. Clin. Nutr. 71, 130-134.

Glanz, K., and Murphy, S. (2007). Dietary assessment and
monitoring in real time. In “The Science of Real-Time Data
Capture: Self-Reports in Health Research” (A. A. Stone,
S. Schiffman, A. A. Atienza, and L. Nebeling, Eds.),
pp- 151-168. Oxford University Press, New York.

Trabulsi, J., and Schoeller, D. A. (2001). Evaluation of dietary
assessment instruments against doubly labeled water, a bio-
marker of habitual energy intake. Am. J. Physiol. Endocrinol.
Metab. 281, E891-E899.

Hill, R. J., and Davies, P. S. (2001). The validity of self-
reported energy intake as determined using the doubly
labelled water technique. Br. J. Nutr. 85, 415-430.

Taren, D. L., Tobar, M., Hill, A., Howell, W., Shisslak, C.,
Bell, I., and Ritenbaugh, C. (1999). The association of energy

CHAPTER 1 - Dietary Assessment Methodology

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

23

intake bias with psychological scores of women. Eur. J. Clin.
Nutr. 53, 570-578.

Sawaya, A. L., Tucker, K., Tsay, R., Willett, W., Saltzman,
E., Dallal, G. E., and Roberts, S. B. (1996). Evaluation of four
methods for determining energy intake in young and older
women: comparison with doubly labeled water measurements
of total energy expenditure. Am. J. Clin. Nutr. 63, 491-499.
Black, A. E., Prentice, A. M., Goldberg, G. R., Jebb, S. A.,
Bingham, S. A., Livingstone, M. B., and Coward, W. A.
(1993). Measurements of total energy expenditure provide
insights into the validity of dietary measurements of energy
intake. J. Am. Diet. Assoc. 93, 572-579.

Black, A. E., Bingham, S. A., Johansson, G., and Coward,
W. A. (1997). Validation of dietary intakes of protein and
energy against 24 hour urinary N and DLW energy expendi-
ture in middle-aged women, retired men and post-obese sub-
jects: comparisons with validation against presumed energy
requirements. Eur. J. Clin. Nutr. 51, 405-413.

Martin, L. J., Su, W., Jones, P. J., Lockwood, G. A., Tritchler,
D. L., and Boyd, N. F. (1996). Comparison of energy intakes
determined by food records and doubly labeled water in
women participating in a dietary-intervention trial. Am. J.
Clin. Nutr. 63, 483-490.

Rothenberg, E. (1994). Validation of the food frequency ques-
tionnaire with the 4-day record method and analysis of 24-h
urinary nitrogen. Eur. J. Clin. Nutr. 48, 725-735.

Bingham, S. A., Gill, C., Welch, A., Cassidy, A., Runswick,
S. A., Oakes, S., Lubin, R., Thurnham, D. I, Key, T. J., Roe,
L., Khaw, K. T., and Day, N. E. (1997). Validation of dietary
assessment methods in the UK arm of EPIC using weighed
records, and 24-hour urinary nitrogen and potassium and
serum vitamin C and carotenoids as biomarkers. Int. J. Epi-
demiol. 26(suppl 1), S137-S151.

Bathalon, G. P., Tucker, K. L., Hays, N. P., Vinken, A. G.,
Greenberg, A. S., McCrory, M. A., and Roberts, S. B. (2000).
Psychological measures of eating behavior and the accuracy
of 3 common dietary assessment methods in healthy postme-
nopausal women. Am. J. Clin. Nutr. 71, 739-745.

Seale, J. L., and Rumpler, W. V. (1997). Comparison of
energy expenditure measurements by diet records, energy
intake balance, doubly labeled water and room calorimetry.
Eur. J. Clin. Nutr. 51, 856-863.

Seale, J. L., Klein, G., Friedmann, J., Jensen, G. L., Mitchell,
D. C., and Smiciklas-Wright, H. (2002). Energy expenditure
measured by doubly labeled water, activity recall, and diet
records in the rural elderly. Nutrition 18, 568-573.

Mabhabir, S., Baer, D. J., Giffen, C., Subar, A., Campbell, W.,
Hartman, T. J., Clevidence, B., Albanes, D., and Taylor, P. R.
(2006). Calorie intake misreporting by diet record and food
frequency questionnaire compared to doubly labeled water
among postmenopausal women. Eur. J Clin. Nutr. 60,
561-565.

Lichtman, S. W., Pisarska, K., Berman, E. R., Pestone, M.,
Dowling, H., Offenbacher, E., Weisel, H., Heshka, S.,
Matthews, D. E., and Heymsfield, S. B. (1992). Discrepancy
between self-reported and actual caloric intake and exercise in
obese subjects. N. Engl. J. Med. 327, 1893-1898.

Pryer, J. A., Vrijheid, M., Nichols, R., Kiggins, M., and
Elliott, P. (1997). Who are the “low energy reporters” in the



24

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

SECTION I - A. Assessment Methods for Research and Practice

dietary and nutritional survey of British adults? Int. J.
Epidemiol. 26, 146-154.

Johnson, R. K., Goran, M. 1., and Poehlman, E. T. (1994).
Correlates of over- and underreporting of energy intake in
healthy older men and women. Am. J. Clin. Nutr. 59, 1286-1290.
Hirvonen, T., Mannisto, S., Roos, E., and Pietinen, P. (1997).
Increasing prevalence of underreporting does not necessarily
distort dietary surveys. Eur. J. Clin. Nutr. 51, 297-301.
Lafay, L., Basdevant, A., Charles, M. A., Vray, M., Balkau,
B., Borys, J. M., Eschwege, E., and Romon, M. (1997).
Determinants and nature of dietary underreporting in a free-
living population: the Fleurbaix Laventie Ville Sante (FLVS)
Study. Int. J. Obes. Relat. Metab. Disord. 21, 567-573.
Bazelmans, C., Matthys, C., De Henauw, S., Dramaix, M.,
Kornitzer, M., De Backer, G., and Leveque, A. (2007). Pre-
dictors of misreporting in an elderly population: the “Quality
of life after 65 study. Public Health Nutr. 10, 185-191.
Ballard-Barbash, R., Graubard, I., Krebs-Smith, S. M.,
Schatzkin, A., and Thompson, F. E. (1996). Contribution of
dieting to the inverse association between energy intake and
body mass index. Eur. J. Clin. Nutr. 50, 98-106.

Hebert, J. R., Clemow, L., Pbert, L., Ockene, 1. S., and
Ockene, J. K. (1995). Social desirability bias in dietary self-
report may compromise the validity of dietary intake mea-
sures. Int. J. Epidemiol. 24, 389-398.

Stallone, D. D., Brunner, E. J., Bingham, S. A., and Marmot,
M. G. (1997). Dietary assessment in Whitehall II: the influ-
ence of reporting bias on apparent socioeconomic variation in
nutrient intakes. Eur. J. Clin. Nutr. 51, 815-825.
Champagne, C. M., Bray, G. A., Kurtz, A. A., Monteiro, J. B.,
Tucker, E., Volaufova, J., and DeLany, J. P. (2002). Energy
intake and energy expenditure: a controlled study comparing
dietitians and non-dietitians. J. Am. Diet. Assoc. 102,
1428-1432.

Maurer, J., Taren, D. L., Teixeira, P. J., Thomson, C. A.,
Lohman, T. G., Going, S. B., and Houtkooper, L. B. (2006).
The psychosocial and behavioral characteristics related to
energy misreporting. Nutr. Rev. 64, 53-66.

Kortzinger, 1., Bierwag, A., Mast, M., and Muller, M. J.
(1997). Dietary underreporting: validity of dietary measure-
ments of energy intake using a 7-day dietary record and a
diet history in non-obese subjects. Ann. Nutr. Metab. 41,
37-44.

Lafay, L., Mennen, L., Basdevant, A., Charles, M. A., Borys,
J. M., Eschwege, E., and Romon, M. (2000). Does energy
intake underreporting involve all kinds of food or only spe-
cific food items? Results from the Fleurbaix Laventie Ville
Sante (FLVS) study. Int. J. Obes. Relat. Metab. Disord. 24,
1500-1506.

Seale, J. L. (2002). Predicting total energy expenditure from
self-reported dietary records and physical characteristics in
adult and elderly men and women. Am. J. Clin. Nutr. 76,
529-534.

Buzzard, I. M., Faucett, C. L., Jeffery, R. W., McBane, L.,
McGovern, P., Baxter, J. S., Shapiro, A. C., Blackburn, G. L.,
Chlebowski, R. T., Elashoff, R. M., and Wynder, E. L. (1996).
Monitoring dietary change in a low-fat diet intervention
study: advantages of using 24-hour dietary recalls vs food
records. J. Am. Diet. Assoc. 96, 574-579.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Casey, P. H., Goolsby, S. L., Lensing, S. Y., Perloff, B. P., and
Bogle, M. L. (1999). The use of telephone interview metho-
dology to obtain 24-hour dietary recalls. J. Am. Diet. Assoc.
99, 1406-1411.

What we eat in America, NHANES. (2007). Agricultural
Research Service, U.S. Department of Agriculture, www
.ars.usda.gov/Services/docs.htm?docid=9098.

Campbell, V. A., and Dodds, M. L. (1967). Collecting dietary
information from groups of older people. J. Am. Diet. Assoc.
51, 29-33.

McBride, J. (2001). Was it a slab, a slice, or a sliver? High-
tech innovations take food survey to new level. Agric. Res.,
4-7.

Cullen, K. W., Watson, K., Himes, J. H., Baranowski, T.,
Rochon, J., Waclawiw, M., Sun, W., Stevens, M., Slawson,
D. L., Matheson, D., and Robinson, T. N. (2004). Evaluation
of quality control procedures for 24-h dietary recalls: results
from the Girls Health Enrichment Multisite Studies. Prev.
Med. 38(suppl), S14-S23.

Probst, Y. C., and Tapsell, L. C. (2005). Overview of compu-
terized dietary assessment programs for research and practice
in nutrition education. J. Nutr. Educ. Behav. 37, 20-26.
USDA automated multiple-pass method. (2005) . Agricultural
Research Service, U.S. Department of Agriculture, www
.ars.usda.gov/Services/docs.htm?docid=7710.

Mennen, L. 1., Bertrais, S., Galan, P., Arnault, N., Potier de
Couray, G., and Hercberg, S. (2002). The use of computerised
24 h dietary recalls in the French SU.VL.MAX Study: number
of recalls required. Eur. J. Clin. Nutr. 56, 659—-665.
Baranowski, T., Islam, N., Baranowski, J., Cullen, K. W.,
Myres, D., Marsh, T., and de Moor, C. (2002). The food intake
recording software system is valid among fourth-grade chil-
dren. J. Am. Diet. Assoc. 102, 380-385.

Vereecken, C. A., Covents, M., Matthys, C., and Maes, L.
(2005). Young adolescents’ nutrition assessment on computer
(YANA-C). Eur. J. Clin. Nutr. 59, 658-667.

Zoellner, J., Anderson, J., and Gould, S. M. (2005). Compara-
tive validation of a bilingual interactive multimedia dietary
assessment tool. J. Am. Diet. Assoc. 105, 1206-1214.

Lu, C., Pearson, M., Renker, S., Myerburg, S., and Farino,
C. (2006). A novel system for collecting longitudinal self-
reported dietary consumption information: the Internet data
logger (iDL). J. Expo. Sci. Environ. Epidemiol. 16,
427-433.

Subar, A. F., Thompson, F. E., Potischman, N., Forsyth,
B. H., Buday, R., Richards, D., McNutt, S., Hull, S. G,
Guenther, P. M., Schatzkin, A., and Baranowski, T. (2007).
Formative research of a quick list for an automated self-
administered 24-hour dietary recall. J. Am. Diet. Assoc. 107,
1002-1007.

USDA food and nutrient database for dietary studies.
Agricultural Research Service, U.S. Department of Agricul-
ture, www.ars.usda.gov/Services/docs.htm?docid=12089.
Moshfegh, A. J., Borrud, L. G., Perloff, B., and LaComb, R. P.
(1999). Improved method for the 24-hour dietary recall for use
in national surveys. FASEB. J. 13, A603.

National Research Council. (1986). “Nutrient Adequacy.
Assessment Using Food Consumption Surveys.” National
Academy Press, Washington, DC.



66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Madden, J. P., Goodman, S. J., and Guthrie, H. A. (1976).
Validity of the 24-hr. recall: analysis of data obtained from
elderly subjects. J. Am. Diet. Assoc. 68, 143-147.
Jonnalagadda, S. S., Mitchell, D. C., Smiciklas-Wright, H.,
Meaker, K. B., Van Heel, N., Karmally, W., Ershow, A. G.,
and Kris-Etherton, P. M. (2000). Accuracy of energy intake
data estimated by a multiple-pass, 24-hour dietary recall tech-
nique. J. Am. Diet. Assoc. 100, 303-308.

Tran, K. M., Johnson, R. K., Soultanakis, R. P., and Matthews,
D. E. (2000). In-person vs telephone-administered multiple-
pass 24-hour recalls in women: validation with doubly labeled
water. J. Am. Diet. Assoc. 100, 777-783.

Kroke, A., Klipstein-Grobusch, K., Voss, S., Moseneder, J.,
Thielecke, F., Noack, R., and Boeing, H. (1999). Validation of
a self-administered food-frequency questionnaire adminis-
tered in the European Prospective Investigation into Cancer
and Nutrition (EPIC) Study: comparison of energy, protein,
and macronutrient intakes estimated with the doubly labeled
water, urinary nitrogen, and repeated 24-h dietary recall meth-
ods. Am. J. Clin. Nutr. 70, 439-447.

Johnson, R. K., Soultanakis, R. P., and Matthews, D. E.
(1998). Literacy and body fatness are associated with under-
reporting of energy intake in US low-income women using the
multiple-pass 24-hour recall: a doubly labeled water study. J.
Am. Diet. Assoc. 98, 1136—1140.

Hebert, J. R., Ebbeling, C. B., Matthews, C. E., Hurley, T. G.,
Ma, Y., Druker, S., and Clemow, L. (2002). Systematic errors
in middle-aged women’s estimates of energy intake: compar-
ing three self-report measures to total energy expenditure
from doubly labeled water. Ann. Epidemiol. 12, 577-586.
Subar, A. F., Kipnis, V., Troiano, R. P., Midthune, D., Schoeller,
D. A., Bingham, S., Sharbaugh, C. O., Trabulsi, J., Runswick, S.,
Ballard-Barbash, R., Sunshine, J., and Schatzkin, A. (2003).
Using intake biomarkers to evaluate the extent of dietary mis-
reporting in a large sample of adults: the OPEN study. Am. J.
Epidemiol. 158, 1-13.

Slimani, N., Bingham, S., Runswick, S., Ferrari, P., Day, N. E.,
Welch, A. A., Key, T. J., Miller, A. B., Boeing, H., Sieri, S.,
Veglia, F., Palli, D., Panico, S., Tumino, R., Bueno-De-Mesquita,
B., Ocke, M. C., Clavel-Chapelon, F., Trichopoulou, A., van
Staveren, W. A., and Riboli, E. (2003). Group level validation
of protein intakes estimated by 24-hour diet recall and dietary
questionnaires against 24-hour urinary nitrogen in the European
Prospective Investigation into Cancer and Nutrition (EPIC) cali-
bration study. Cancer Epidemiol. Biomarkers Prev. 12, 784-795.
Montgomery, C., Reilly, J. J., Jackson, D. M., Kelly, L. A.,
Slater, C., Paton, J. Y., and Grant, S. (2005). Validation of
energy intake by 24-hour multiple pass recall: comparison
with total energy expenditure in children aged 5-7 years. Br.
J. Nutr. 93, 671-676.

Heerstrass, D. W., Ocke, M. C., Bueno-de-Mesquita, H. B.,
Peeters, P. H., and Seidell, J. C. (1998). Underreporting of
energy, protein and potassium intake in relation to body mass
index. Int. J. Epidemiol. 27, 186-193.

Harrison, G. G., Galal, O. M., Ibrahim, N., Khorshid, A.,
Stormer, A., Leslie, J., and Saleh, N. T. (2000). Underreport-
ing of food intake by dietary recall is not universal: a
comparison of data from Egyptian and American women.
J. Nutr. 130, 2049-2054.

CHAPTER 1 - Dietary Assessment Methodology

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

25

Conway, J. M., Ingwersen, L. A., and Moshfegh, A. J. (2004).
Accuracy of dietary recall using the USDA five-step multiple-
pass method in men: an observational validation study. J. Am.
Diet. Assoc. 104, 595-603.

Conway, J. M., Ingwersen, L. A., Vinyard, B. T., and Moshfegh,
A.J.(2003). Effectiveness of the US Department of Agriculture
5-step multiple-pass method in assessing food intake in obese
and nonobese women. Am. J. Clin. Nutr. 77, 1171-1178.
Blanton, C. A., Moshfegh, A. J., Baer, D. J., and Kretsch,
M. J. (2006). The USDA Automated Multiple-Pass Method
accurately estimates group total energy and nutrient intake.
J. Nutr. 136, 2594-2599.

Krebs-Smith, S. M., Graubard, B. 1., Kahle, L. L., Subar,
A. F., Cleveland, L. E., and Ballard-Barbash, R. (2000).
Low energy reporters vs others: a comparison of reported
food intakes. Eur. J. Clin. Nutr. 54, 281-287.

Briefel, R. R., McDowell, M. A., Alaimo, K., Caughman,
C. R., Bischof, A. L., Carroll, M. D., and Johnson, C. L.
(1995). Total energy intake of the US population: the
third National Health and Nutrition Examination Survey,
1988-1991. Am. J. Clin. Nutr. 62, 1072S-1080S.

Klesges, R. C., Eck, L. H., and Ray, J. W. (1995). Who
underreports dietary intake in a dietary recall? Evidence
from the Second National Health and Nutrition Examination
Survey. J. Consult. Clin. Psychol. 63, 438-444.

Poppitt, S. D., Swann, D., Black, A. E., and Prentice, A. M.
(1998). Assessment of selective under-reporting of food
intake by both obese and non-obese women in a metabolic
facility. Int. J. Obes. Relat. Metab. Disord. 22, 303-311.
Tooze, J. A., Subar, A. F., Thompson, F. E., Troiano, R.,
Schatzkin, A., and Kipnis, V. (2004). Psychosocial predictors
of energy underreporting in a large doubly labeled water
study. Am. J. Clin. Nutr. 79, 795-804.

Willett, W. C. (1998). “Nutritional Epidemiology.” Oxford
University Press, New York.

Zulkifli, S. N., and Yu, S. M. (1992). The food frequency
method for dietary assessment. J. Am. Diet. Assoc. 92,
681-685.

NutritionQuest: questionnaires & screeners. (2007). Nutrition-
Quest, www.nutritionquest.com/products/
questionnaires_screeners.htm.

Block, G., Hartman, A. M., Dresser, C. M., Carroll, M. D.,
Gannon, J., and Gardner, L. (1986). A data-based approach to
diet questionnaire design and testing. Am. J. Epidemiol. 124,
453-459.

Block, G., Woods, M., Potosky, A. L., and Clifford, C. (1990).
Validation of a self-administered diet history questionnaire
using multiple diet records. J. Clin. Epidemiol. 43,
1327-1335.

Cummings, S. R., Block, G., McHenry, K., and Baron, R. B.
(1987). Evaluation of two food frequency methods of measur-
ing dietary calcium intake. Am. J. Epidemiol. 126, 796-802.
Sobell, J., Block, G., Koslowe, P., Tobin, J., and Andres, R.
(1989). Validation of a retrospective questionnaire assessing
diet 10-15 years ago. Am. J. Epidemiol. 130, 173-187.
Block, G., Thompson, F. E., Hartman, A. M., Larkin, F. A.,
and Guire, K. E. (1992). Comparison of two dietary question-
naires validated against multiple dietary records collected
during a 1-year period. J. Am. Diet. Assoc. 92, 686—693.



26

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

SECTION I - A. Assessment Methods for Research and Practice

Mares-Perlman, J. A., Klein, B. E., Klein, R., Ritter, L. L.,
Fisher, M. R., and Freudenheim, J. L. (1993). A diet history
questionnaire ranks nutrient intakes in middle- aged and
older men and women similarly to multiple food records. J.
Nutr. 123, 489-501.

Coates, R. J., Eley, J. W., Block, G., Gunter, E. W.,
Sowell, A. L., Grossman, C., and Greenberg, R. S.
(1991). An evaluation of a food frequency questionnaire
for assessing dietary intake of specific carotenoids and
vitamin E among low-income black women. Am. J. Epi-
demiol. 134, 658-671.

Caan, B. J., Slattery, M. L., Potter, J., Quesenberry, C. P. J.,
Coates, A. O., and Schaffer, D. M. (1998). Comparison of the
Block and the Willett self-administered semiquantitative food
frequency questionnaires with an interviewer-administered
dietary history. Am. J. Epidemiol. 148, 1137-1147.

McCann, S. E., Marshall, J. R., Trevisan, M., Russell, M.,
Muti, P., Markovic, N., Chan, A. W., and Freudenheim, J. L.
(1999). Recent alcohol intake as estimated by the Health
Habits and History Questionnaire, the Harvard Semiquanti-
tative Food Frequency Questionnaire, and a more detailed
alcohol intake questionnaire. Am. J. Epidemiol. 150,
334-340.

Subar, A. F., Thompson, F. E., Kipnis, V., Midthune, D.,
Hurwitz, P., McNutt, S., Mclntosh, A., and Rosenfeld, S.
(2001). Comparative validation of the Block, Willett, and
National Cancer Institute food frequency questionnaires: the
Eating at America’s Table Study. Am. J. Epidemiol. 154,
1089-1099.

Nutrition assessment. (2007). Fred Hutchinson Cancer Research
Center, www.thcrc.org/science/shared_resources/nutrition.
Patterson, R. E., Kristal, A. R., Tinker, L. F., Carter, R. A.,
Bolton, M. P., and Agurs-Collins, T. (1999). Measurement
characteristics of the Women’s Health Initiative food fre-
quency questionnaire. Ann. Epidemiol. 9, 178-187.

HSPH nutrition department’s file download site: directory
listing of /health/FFQ/files. (2007). Nutrition Department,
Harvard School of Public Health, https://regepi.bwh. harvard
.edu/health/FFQ/files.

Rimm, E. B., Giovannucci, E. L., Stampfer, M. J., Colditz,
G. A, Litin, L. B., and Willett, W. C. (1992). Reproduci-
bility and validity of an expanded self-administered semi-
quantitative food frequency questionnaire among male
health professionals. Am. J. Epidemiol. 135, 1114-1126.
Willett, W. C., Sampson, L., Stampfer, M. J., Rosner, B.,
Bain, C., Witschi, J., Hennekens, C. H., and Speizer, F. E.
(1985). Reproducibility and validity of a semiquan-
titative food frequency questionnaire. Am. J. Epidemiol.
122, 51-65.

Willett, W. C., Reynolds, R. D., Cottrell-Hoehner, S.,
Sampson, L., and Browne, M. L. (1987). Validation of a
semi-quantitative food frequency questionnaire: compari-
son with a 1-year diet record. J. Am. Diet. Assoc. 87,
43-47.

Salvini, S., Hunter, D. J., Sampson, L., Stampfer, M. J.,
Colditz, G. A., Rosner, B., and Willett, W. C. (1989). Food
based validation of a dietary questionnaire: the effects of
week-to-week variation in food consumption. Int. J. Epide-
miol. 18, 858-867.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

Feskanich, D., Rimm, E. B., Giovannucci, E. L., Colditz,
G. A., Stampfer, M. J., Litin, L. B., and Willett, W. C.
(1993). Reproducibility and validity of food intake mea-
surements from a semiquantitative food frequency question-
naire. J. Am. Diet. Assoc. 93, 790-796.

Suitor, C. J., Gardner, J., and Willett, W. C. (1989). A
comparison of food frequency and diet recall methods in
studies of nutrient intake of low-income pregnant women.
J. Am. Diet. Assoc. 89, 1786—1794.

Wirfalt, A. K. E., Jeffery, R. W., and Elmer, P. J. (1998).
Comparison of food frequency questionnaires: the reduced
Block and Willett questionnaires differ in ranking on nutrient
intakes. Am. J. Epidemiol. 148, 1148-1156.

Diet history questionnaire. (2007). National Cancer Institute,
http://riskfactor.cancer.gov/DHQ.

Kipnis, V., Subar, A. F., Midthune, D., Freedman, L. S.,
Ballard-Barbash, R., Troiano, R. P., Bingham, S., Schoeller,
D. A., Schatzkin, A., and Carroll, R. J. (2003). Structure of
dietary measurement error: results of the OPEN biomarker
study. Am. J. Epidemiol. 158, 14-21.

Subar, A. F., Thompson, F. E., Smith, A. F., Jobe, J. B.,
Ziegler, R. G., Potischman, N., Schatzkin, A., Hartman, A.,
Swanson, C., Kruse, L., Hayes, R. B., Riedel-Lewis, D., and
Harlan, L. C. (1995). Improving food frequency question-
naires: a qualitative approach using cognitive interviewing.
J. Am. Diet. Assoc. 95, 781-788.

Subar, A. F., Ziegler, R. G., Thompson, F. E., Johnson, C. C.,
Weissfeld, J. L., Reding, D., Kavounis, K. H., and Hayes,
R. B. (2001). Is shorter always better? Relative importance
of dietary questionnaire length and cognitive ease on
response rates and data quality for two dietary question-
naires. Am. J. Epidemiol. 153, 404—409.

Subar, A. F., Midthune, D., Kulldorff, M., Brown, C. C.,
Thompson, F. E., Kipnis, V., and Schatzkin, A. (2000). An
evaluation of alternative approaches to assign nutrient values
to food groups in food frequency questionnaires. Am. J.
Epidemiol. 152, 279-286.

Questionnaires. (2004). The Arizona Diet, Behavioral, and
Quality of Life Assessment Center 12, http://azdiet-behavior
.azcc.arizona.edu/questions.htm.

Ritenbaugh, C., Aickin, M., Taren, D., Teufel, N., Graver,
E., Woolf, K., and Alberts, D. S. (1997). Use of a food
frequency questionnaire to screen for dietary eligibility in a
randomized cancer prevention phase Il trial. Cancer Epide-
miol. Biomarkers Prev. 6, 347-354.

Garcia, R. A., Taren, D., and Teufel, N. I. (2000). Factors
associated with the reproducibility of specific food items
from the Southwest Food Frequency Questionnaire. Ecol.
Food Nutr. 38, 549-561.

Kristal, A. R., Feng, Z., Coates, R. J., Oberman, A., and
George, V. (1997). Associations of race/ethnicity, education,
and dietary intervention with the validity and reliability of a
food frequency questionnaire: the Women’s Health Trial
Feasibility Study in Minority Populations [published erratum
appears in Am. J. Epidemiol., October 15, 1998 148(8): 820].
Am. J. Epidemiol. 146, 856-869.

Block, G., Wakimoto, P., Jensen, C., Mandel, S., and Green,
R. R. (2006). Validation of a food frequency questionnaire
for Hispanics. Prev. Chronic. Dis. 3, AT7.



118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

Hankin, J. H., Yoshizawa, C. N., and Kolonel, L. N. (1990).
Reproducibility of a diet history in older men in Hawaii.
Nutr. Cancer 13, 129-140.

Hankin, J. H., Wilkens, L. R., Kolonel, L. N., and Yoshizawa,
C. N. (1991). Validation of a quantitative diet history method
in Hawaii. Am. J. Epidemiol. 133, 616-628.

Stram, D. O., Hankin, J. H., Wilkens, L. R., Pike, M. C.,
Monroe, K. R., Park, S., Henderson, B. E., Nomura, A. M.,
Earle, M. E., Nagamine, F. S., and Kolonel, L. N. (2000).
Calibration of the dietary questionnaire for a multiethnic
cohort in Hawaii and Los Angeles. Am. J. Epidemiol. 151,
358-370.

Ocke, M. C., Bueno-de-Mesquita, H. B., Goddijn, H. E.,
Jansen, A., Pols, M. A., van Staveren, W. A., and Kromhout,
D. (1997). The Dutch EPIC food frequency questionnaire.
I. Description of the questionnaire, and relative validity
and reproducibility for food groups. Int. J. Epidemiol.
26(suppl 1), S37-S48.

Katsouyanni, K., Rimm, E. B., Gnardellis, C., Trichopoulos,
D., Polychronopoulos, E., and Trichopoulou, A. (1997).
Reproducibility and relative validity of an extensive semi-
quantitative food frequency questionnaire using dietary
records and biochemical markers among Greek schooltea-
chers. Int. J. Epidemiol. 26(suppl 1), S118-S127.
Bohlscheid-Thomas, S., Hoting, 1., Boeing, H., and Wahrendorf,
J. (1997). Reproducibility and relative validity of food group
intake in a food frequency questionnaire developed for the
German part of the EPIC project. European Prospective Investi-
gation into Cancer and Nutrition. Int. J. Epidemiol. 26(suppl 1),
S59-S70.

Bohlscheid-Thomas, S., Hoting, 1., Boeing, H., and
Wahrendorf, J. (1997). Reproducibility and relative valid-
ity of energy and macronutrient intake of a food frequency
questionnaire developed for the German part of the EPIC
project. European Prospective Investigation into Cancer
and Nutrition. Int. J. Epidemiol. 26(suppl 1), S71-S81.
Riboli, E., Elmstahl, S., Saracci, R., Gullberg, B., and
Lindgarde, F. (1997). The Malmo Food Study: validity of
two dietary assessment methods for measuring nutrient
intake. Int. J. Epidemiol. 26(suppl 1), S161-S173.

Pisani, P., Faggiano, F., Krogh, V., Palli, D., Vineis, P., and
Berrino, F. (1997). Relative validity and reproducibility of a
food frequency dietary questionnaire for use in the Italian
EPIC centres. Int. J. Epidemiol. 26(suppl 1), S152-S160.
Block, G., Hartman, A. M., and Naughton, D. (1990). A
reduced dietary questionnaire: development and validation.
Epidemiology 1, 58-64.

Harlan, L. C., and Block, G. (1990). Use of adjustment
factors with a brief food frequency questionnaire to obtain
nutrient values. Epidemiology 1, 224-231.

Feskanich, D., Marshall, J., Rimm, E. B., Litin, L. B., and
Willett, W. C. (1994). Simulated validation of a brief food
frequency questionnaire. Ann. Epidemiol. 4, 181-187.
Potischman, N., Carroll, R. J., Iturria, S. J., Mittl, B., Curtin,
J., Thompson, F. E., and Brinton, L. A. (1999). Comparison
of the 60- and 100-item NCI-block questionnaires with vali-
dation data. Nutr. Cancer 34, 70-75.

Rockett, H. R., Berkey, C. S., and Colditz, G. A. (2007).
Comparison of a short food frequency questionnaire with the

CHAPTER 1 - Dietary Assessment Methodology

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

27

Youth/Adolescent Questionnaire in the Growing Up Today
Study. Int. J. Pediatr. Obes. 2, 31-39.

Kristal, A. R., Glanz, K., Feng, Z., Hebert, J. R., Probart, C.,
Eriksen, M., and Heimendinger, J. (1994). Does using a short
dietary questionnaire instead of a food frequency improve
response rates to a health assessment survey? J. Nutr. Educ.
26, 224-226.

Eaker, S., Bergstrom, R., Bergstrom, A., Adami, H. O., and
Nyren, O. (1998). Response rate to mailed epidemiologic
questionnaires: a population-based randomized trial of var-
iations in design and mailing routines. Am. J. Epidemiol.
147, 74-82.

Morris, M. C., Colditz, G. A., and Evans, D. A. (1998).
Response to a mail nutritional survey in an older bi-racial
community population. Ann. Epidemiol. 8, 342-346.
Johansson, L., Solvoll, K., Opdahl, S., Bjorneboe, G. E., and
Drevon, C. A. (1997). Response rates with different distribu-
tion methods and reward, and reproducibility of a quantita-
tive food frequency questionnaire. Eur. J. Clin. Nutr. 51,
346-353.

Kuskowska-Wolk, A., Holte, S., Ohlander, E. M., Bruce, A.,
Holmberg, L., Adami, H. O., and Bergstrom, R. (1992).
Effects of different designs and extension of a food fre-
quency questionnaire on response rate, completeness of
data and food frequency responses. Int. J. Epidemiol. 21,
1144-1150.

Tylavsky, F. A., and Sharp, G. B. (1995). Misclassification
of nutrient and energy intake from use of closed-ended
questions in epidemiologic research. Am. J. Epidemiol.
142(3), 342-352.

Heady, J. A. (1961). Diets of bank clerks. Development of a
method of classifying the diets of individuals for use in
epidemiological studies. J. R. Statist. Soc. A. 124, 336-371.
Kumanyika, S., Tell, G. S., Fried, L., Martel, J. K., and
Chinchilli, V. M. (1996). Picture-sort method for adminis-
tering a food frequency questionnaire to older adults. J. Am.
Diet. Assoc. 96, 137-144.

Kumanyika, S. K., Tell, G. S., Shemanski, L., Martel, J., and
Chinchilli, V. M. (1997). Dietary assessment using a picture-
sort approach. Am. J. Clin. Nutr. 65, 1123S-1129S.

Eck, L. H., Klesges, L. M., and Klesges, R. C. (1996).
Precision and estimated accuracy of two short-term food
frequency questionnaires compared with recalls and records.
J. Clin. Epidemiol. 49, 1195-1200.

Subar, A. F., Frey, C. M., Harlan, L. C., and Kahle, L.
(1994). Differences in reported food frequency by season
of questionnaire administration: the 1987 National Health
Interview Survey. Epidemiology 5, 226-253.

Tsubono, Y., Nishino, Y., Fukao, A., Hisamichi, S., and
Tsugane, S. (1995). Temporal change in the reproducibility
of a self-administered food frequency questionnaire. Am. J.
Epidemiol. 142, 1231-1235.

Caan, B., Hiatt, R. A., and Owen, A. M. (1991). Mailed dietary
surveys: response rates, error rates, and the effect of omitted
food items on nutrient values. Epidemiology 2, 430-436.
Holmberg, L., Ohlander, E. M., Byers, T., Zack, M., Wolk,
A., Bruce, A., Bergstrom, R., Bergkvist, L., and Adami, H.O.
(1996). A search for recall bias in a case-control study
of diet and breast cancer. Int. J. Epidemiol. 25, 235-244.



28

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

SECTION I - A. Assessment Methods for Research and Practice

Hansson, L. M., and Galanti, M. R. (2000). Diet-associated
risks of disease and self-reported food consumption: how
shall we treat partial nonresponse in a food frequency ques-
tionnaire? Nutr. Cancer 36, 1-6.

Diet history questionnaire: web-based DHQ. (2007).
National Cancer Institute, http:/riskfactor.cancer.gov/DHQ/
webquest/index.html.

Matthys, C., Pynaert, 1., De Keyzer, W., and De Henauw,
S. (2007). Validity and reproducibility of an adolescent
web-based food frequency questionnaire. J. Am. Diet.
Assoc. 107, 605-610.

Smith, A. F. (1993). Cognitive psychological issues of rele-
vance to the validity of dietary reports. Eur. J. Clin. Nutr. 47
(suppl 2), S6-18.

Krebs-Smith, S. M., Heimendinger, J., Subar, A. F.,
Patterson, B. H., and Pivonka, E. (1994). Estimating fruit
and vegetable intake using food frequency questionnaires: a
comparison of instruments. Am. J. Clin. Nutr. 59, 283s.
Hunter, D. J., Sampson, L., Stampfer, M. J., Colditz, G. A.,
Rosner, B., and Willett, W. C. (1988). Variability in portion
sizes of commonly consumed foods among a population of
women in the United States. Am. J. Epidemiol. 127,
1240-1249.

Block, G., and Subar, A. F. (1992). Estimates of nutrient
intake from a food frequency questionnaire: the 1987
National Health Interview Survey. J. Am. Diet. Assoc. 92,
969-9717.

Briefel, R. R., Flegal, K. M., Winn, D. M., Loria, C. M.,
Johnson, C. L., and Sempos, C. T. (1992). Assessing the
nation’s diet: limitations of the food frequency question-
naire. J. Am. Diet. Assoc. 92, 959-962.

Sempos, C. T. (1992). Invited commentary: some limitations
of semiquantitative food frequency questionnaires. Am. J.
Epidemiol. 135, 1127-1132.

Rimm, E. B., Giovannucci, E. L., Stampfer, M. J., Colditz,
G. A, Litin, L. B., and Willett, W. C. (1992). Authors’
response to “Invited commentary: some limitations of semi-
quantitative food frequency questionnaires.” Am. J. Epide-
miol. 135, 1133-1136.

Carroll, R. J., Freedman, L. S., and Hartman, A. M. (1996).
Use of semiquantitative food frequency questionnaires to
estimate the distribution of usual intake. Am. J. Epidemiol.
143, 392-404.

Kushi, L. H. (1994). Gaps in epidemiologic research
methods: design considerations for studies that use food-
frequency questionnaires. Am. J. Clin. Nutr. 59, 180s—184s.
Beaton, G. H. (1994). Approaches to analysis of dietary data:
relationship between planned analyses and choice of metho-
dology. Am. J. Clin. Nutr. 59, 253s-261s.

Sempos, C. T., Liu, K., and Ernst, N. D. (1999). Food and
nutrient exposures: what to consider when evaluating epide-
miologic evidence. Am. J. Clin. Nutr. 69, 1330S—-1338S.
Freedman, L. S., Schatzkin, A., and Wax, Y. (1990). The
impact of dietary measurement error on planning sample size
required in a cohort study. Am. J. Epidemiol. 132,
1185-1195.

Schaefer, E. J., Augustin, J. L., Schaefer, M. M., Rasmussen,
H., Ordovas, J. M., Dallal, G. E., and Dwyer, J. T. (2000).
Lack of efficacy of a food-frequency questionnaire in

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

assessing dietary macronutrient intakes in subjects consuming
diets of known composition. Am. J. Clin. Nutr. 71, 746-751.
Dietary assessment calibration/validation register: studies
and their associated publications. (2007). National Cancer
Institute, www-dacv.ims.nci.nih.gov.

Livingstone, M. B., and Black, A. E. (2003). Markers of the
validity of reported energy intake. J. Nutr. 133(suppl 3),
8955-920S.

Bingham, S. A. (2003). Urine nitrogen as a biomarker for the
validation of dietary protein intake. J. Nutr. 133(suppl 3),
9215-9248S.

Bingham, S. A., Cassidy, A., Cole, T. J., Welch, A.,
Runswick, S. A., Black, A. E., Thurnham, D., Bates, C.,
Khaw, K. T., and Key, T. J. (1995). Validation of weighed
records and other methods of dietary assessment using the
24 h urine nitrogen technique and other biological markers.
Br. J. Nutr. 73, 531-550.

Pijls, L. T., De Vries, H., Donker, A. J., and van Ejjk, J. T.
(1999). Reproducibility and biomarker-based validity and
responsiveness of a food frequency questionnaire to estimate
protein intake. Am. J. Epidemiol. 150, 987-995.

Ocke, M. C., Bueno-de-Mesquita, H. B., Pols, M. A., Smit,
H. A., van Staveren, W. A., and Kromhout, D. (1997). The
Dutch EPIC food frequency questionnaire. II. Relative
validity and reproducibility for nutrients. Int. J. Epidemiol.
26(suppl 1), S49-S58.

Bingham, S. A. (1997). Dietary assessments in the European
prospective study of diet and cancer (EPIC). Eur. J. Cancer
Prev. 6, 118-124.

Bingham, S. A., and Day, N. E. (1997). Using biochemical
markers to assess the validity of prospective dietary assess-
ment methods and the effect of energy adjustment. Am. J.
Clin. Nutr. 65, 1130S-1137S.

Flegal, K. M. (1999). Evaluating epidemiologic evidence of
the effects of food and nutrient exposures. Am. J. Clin. Nutr.
69, 1339S-1344S.

Burack, R. C., and Liang, J. (1987). The early detection of
cancer in the primary-care setting: factors associated with the
acceptance and completion of recommended procedures.
Prev. Med. 16, 739-751.

Prentice, R. L. (1996). Measurement error and results from
analytic epidemiology: dietary fat and breast cancer. J. Natl.
Cancer Inst. 88, 1738-1747.

Kipnis, V., Freedman, L. S., Brown, C. C., Hartman, A. M.,
Schatzkin, A., and Wacholder, S. (1997). Effect of measure-
ment error on energy-adjustment models in nutritional epi-
demiology. Am. J. Epidemiol. 146, 842—-855.

Hu, F. B., Stampfer, M. J., Rimm, E., Ascherio, A.,
Rosner, B. A., Spiegelman, D., and Willett, W. C.
(1999). Dietary fat and coronary heart disease: a compar-
ison of approaches for adjusting for total energy intake and
modeling repeated dietary measurements. Am. J. Epide-
miol. 149, 531-540.

Carroll, R. J., Freedman, L. S., Kipnis, V., and Li, L. (1998).
A new class of measurement-error models, with applications
to dietary data. Can. J. Stat. 26, 467-477.

Kohlmeier, L., and Bellach, B. (1995). Exposure assessment
error and its handling in nutritional epidemiology. Annu.
Rev. Public Health 16, 43-59.



177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

Kaaks, R., Riboli, E., and van Staveren, W. (1995).
Calibration of dietary intake measurements in prospective
cohort studies. Am. J. Epidemiol. 142, 548-556.

Bellach, B., and Kohlmeier, L. (1998). Energy adjustment
does not control for differential recall bias in nutritional
epidemiology. J. Clin. Epidemiol. 51, 393-398.

Kipnis, V., Carroll, R. J., Freedman, L. S., and Li, L. (1999).
Implications of a new dietary measurement error model for
estimation of relative risk: application to four calibration
studies. Am. J. Epidemiol. 150, 642-651.

Bingham, S. A., Luben, R., Welch, A., Wareham, N., Khaw,
K. T., and Day, N. (2003). Are imprecise methods obscuring
a relation between fat and breast cancer? Lancet 362,
212-214.

Freedman, L. S., Potischman, N., Kipnis, V., Midthune,
D., Schatzkin, A., Thompson, F. E., Troiano, R. P.,
Prentice, R., Patterson, R., Carroll, R., and Subar, A. F.
(2006). A comparison of two dietary instruments
for evaluating the fat-breast cancer relationship. Int.
J. Epidemiol. 35, 1011-1021.

Kristal, A. R., Peters, U., and Potter, J. D. (2005). Is it time to
abandon the food frequency questionnaire? Cancer Epide-
miol. Biomarkers Prev. 14, 2826-2828.

Kristal, A. R., and Potter, J. D. (2006). Not the time to
abandon the food frequency questionnaire: counterpoint.
Cancer Epidemiol. Biomarkers Prev. 15, 1759-1760.
Kristal, A. R., Andrilla, C. H., Koepsell, T. D., Diehr, P. H.,
and Cheadle, A. (1998). Dietary assessment instruments are
susceptible to intervention-associated response set bias.
J. Am. Diet. Assoc. 98, 40—43.

Neuhouser, M. L., Kristal, A. R., McLerran, D., Patterson,
R. E., and Atkinson, J. (1999). Validity of short food fre-
quency questionnaires used in cancer chemoprevention
trials: results from the Prostate Cancer Prevention Trial.
Cancer Epidemiol. Biomarkers Prev. 8, 721-725.
Behavioral Risk Factor Surveillance System (BRFSS).
(2007). Centers for Disease Control and Prevention,
www.cdc.gov/brfss.

California Health Interview Survey. (2005). California
Department of Health Services and the Public Health Insti-
tute, www.chis.ucla.edu.

Thompson, F. E., Midthune, D., Subar, A. F., McNeel,
T., Berrigan, D., and Kipnis, V. (2005). Dietary intake
estimates in the National Health Interview Survey, 2000:
methodology, results, and interpretation. J. Am. Diet.
Assoc. 105, 352-363.

Pickle, L. W., and Hartman, A. M. (1985). Indicator foods
for vitamin A assessment. Nutr. Cancer 7, 3-23.

Byers, T., Marshall, J., Fiedler, R., Zielezny, M., and Graham,
S. (1985). Assessing nutrient intake with an abbreviated diet-
ary interview. Am. J. Epidemiol. 122, 41-50.

Morin, P., Herrmann, F., Ammann, P., Uebelhart, B., and
Rizzoli, R. (2005). A rapid self-administered food frequency
questionnaire for the evaluation of dietary protein intake.
Clin. Nutr. 24, 768-774.

Hertzler, A. A., and Frary, R. B. (1994). A dietary calcium
rapid assessment method (RAM). Topics Clin. Nutr. 9, 76-85.
Harnack, L. J., Lytle, L. A., Story, M., Galuska, D. A.,
Schmitz, K., Jacobs, D. R., Jr., and Gao, S. (2000).

CHAPTER 1 - Dietary Assessment Methodology

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

29

Reliability and validity of a brief questionnaire to assess
calcium intake of middle-school-aged children. J. Am. Diet.
Assoc. 106, 1790-1795.

Sebring, N. G., Denkinger, B. 1., Menzie, C. M., Yanoff,
L. B., Parikh, S. J., and Yanovski, J. A. (2007). Validation
of three food frequency questionnaires to assess dietary
calcium intake in adults. J. Am. Diet. Assoc. 107, 752-759.
Hertzler, A. A., and McAnge, T. R., Jr. (1986). Development
of an iron checklist to guide food intake. J. Am. Diet. Assoc.
86, 782-786.

Kirk, P., Patterson, R. E., and Lampe, J. (1999). Develop-
ment of a soy food frequency questionnaire to estimate
isoflavone consumption in US adults. J. Am. Diet. Assoc.
99, 558-563.

Horn-Ross, P. L., Barnes, S., Lee, V. S., Collins, C. N.,
Reynolds, P., Lee, M. M., Stewart, S. L., Canchola, A. J.,
Wilson, L., and Jones, K. (2006). Reliability and validity of
an assessment of usual phytoestrogen consumption (United
States). Cancer Causes Control 17, 85-93.

Williams, A. E., Maskarinec, G., Hebshi, S., Oshiro, C.,
Murphy, S., and Franke, A. A. (2003). Validation of a soy
questionnaire with repeated dietary recalls and urinary isofla-
vone assessments over one year. Nutr. Cancer 47, 118-125.
Pufulete, M., Emery, P. W., Nelson, M., and Sanders, T. A.
(2002). Validation of a short food frequency questionnaire to
assess folate intake. Br. J. Nutr. 87, 383-390.

Hickling, S., Knuiman, M., Jamrozik, K., and Hung, J.
(2005). A rapid dietary assessment tool to determine
intake of folate was developed and validated. J. Clin.
Epidemiol. 58, 802-808.

Owens, J. E., Holstege, D. M., and Clifford, A. J. (2007).
Comparison of two dietary folate intake instruments and
their validation by RBC folate. J. Agric. Food Chem. 55,
3737-3740.

Kiwanuka, S. N., Astrom, A. N., and Trovik, T. A. (20006).
Sugar snack consumption in Ugandan schoolchildren: valid-
ity and reliability of a food frequency questionnaire.
Community Dent. Oral Epidemiol. 34, 372-380.

Rohrmann, S., and Becker, N. (2002). Development of a
short questionnaire to assess the dietary intake of heterocyc-
lic aromatic amines. Public Health Nutr. 5, 699-705.
Serra-Majem, L., Santana-Armas, J. F., Ribas, L., Salmona, E.,
Ramon, J. M., Colom, J., and Salleras, L. (2002). A
comparison of five questionnaires to assess alcohol con-
sumption in a Mediterranean population. Public Health
Nutr. 5, 589-594.

Herran, O. F., and Ardila, M. F. (2006). Validity and repro-
ducibility of two semi-quantitative alcohol frequency ques-
tionnaires for the Colombian population. Public Health Nutr.
9, 763-770.

Field, A. E., Colditz, G. A., Fox, M. K., Byers, T., Serdula,
M., Bosch, R. J., and Peterson, K. E. (1998). Comparison of
4 questionnaires for assessment of fruit and vegetable intake.
Am. J. Public Health 88, 1216-1218.

Cullen, K. W., Baranowski, T., Baranowski, J., Hebert, D.,
and de Moor, C. (1999). Pilot study of the validity and
reliability of brief fruit, juice and vegetable screeners
among inner city African-American boys and 17 to 20 year
old adults. J. Am. Coll. Nutr. 18, 442-450.



30

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

SECTION I - A. Assessment Methods for Research and Practice

Resnicow, K., Odom, E., Wang, T., Dudley, W. N., Mitchell,
D., Vaughan, R., Jackson, A., and Baranowski, T. (2000).
Validation of three food frequency questionnaires and
24-hour recalls with serum carotenoid levels in a sample of
African-American adults. Am. J. Epidemiol. 152, 1072-1080.
Prochaska, J. J., and Sallis, J. F. (2004). Reliability and
validity of a fruit and vegetable screening measure for
adolescents. J. Adolesc. Health 34, 163-165.

Andersen, L. F., Veierod, M. B., Johansson, L., Sakhi, A.,
Solvoll, K., and Drevon, C. A. (2005). Evaluation of three
dietary assessment methods and serum biomarkers as mea-
sures of fruit and vegetable intake, using the method of
triads. Br. J. Nutr. 93, 519-527.

Campbell, M. K., Polhamus, B., McClelland, J. W., Bennett, K.,
Kalsbeek, W., Coole, D., Jackson, B., and Demark-Wahnefried,
W. (1996). Assessing fruit and vegetable consumption in a 5a
day study targeting rural blacks: the issue of portion size. J. Am.
Diet. Assoc. 96, 1040-1042.

Baranowski, T., Smith, M., Baranowski, J., Wang, D. T.,
Doyle, C., Lin, L. S., Hearn, M. D., and Resnicow, K.
(1997). Low validity of a seven-item fruit and vegetable
food frequency questionnaire among third-grade students.
J. Am. Diet. Assoc. 97, 66-68.

Hunt, M. K., Stoddard, A. M., Peterson, K., Sorensen, G.,
Hebert, J. R., and Cohen, N. (1998). Comparison of dietary
assessment measures in the Treatwell 5A Day worksite
study. J. Am. Diet. Assoc. 98, 1021-1023.

Serdula, M., Coates, R., Byers, T., Mokdad, A., Jewell, S.,
Chavez, N., Mares-Perlman, J., Newcomb, P., Ritenbaugh,
C., Treiber, F., and Block, G. (1993). Evaluation of a brief
telephone questionnaire to estimate fruit and vegetable con-
sumption in diverse study populations. Epidemiology 4,
455-463.

Smith-Warner, S. A., Elmer, P. J., Fosdick, L., Tharp, T. M.,
and Randall, B. (1997). Reliability and comparability of
three dietary assessment methods for estimating fruit and
vegetable intakes. Epidemiology 8, 196-201.

Armstrong, B. (1979). Diet and hormones in the epidemiology
of breast and endometrial cancers. Nutr. Cancer 1, 90-95.
Kristal, A. R., Vizenor, N. C., Patterson, R. E., Neuhouser,
M. L., Shattuck, A. L., and McLerran, D. (2000). Precision
and bias of food frequency-based measures of fruit and
vegetable intakes. Cancer Epidemiol. Biomarkers Prev. 9,
939-944.

Thompson, F. E., Subar, A. F., Smith, A. F., Midthune, D.,
Radimer, K. L., Kahle, L. L., and Kipnis, V. (2002). Fruit
and vegetable assessment: performance of 2 new short
instruments and a food frequency questionnaire. J. Am.
Diet. Assoc. 102, 1764-1772.

Green, G. W., Resnicow, K., Thompson, F. E., Peterson, K. E.,
Hurley, T. G., Hebert, J. R., Toobert, D. J., Williams, G., Elliot,
D. L., Sher, T. G., Domas, A., Midthune, D., Stacewicz-
Sapuntzakis, M., Yaroch, A. L., and Nebling, L. (2008) Corre-
spondence of the NCI fruit and vegetable screener to repeat
24-H recalls and serum carotenoids in behavioral intervention
trials. J. Nutr. 138, 2005-2045.

Peterson, K E, Hebert, J. R., Hurley, T. G., Resnicow, K.,
Thompson, F. E., Greene, G. W., Shaikh, A. R., Yaroch,
A. L., Williams, G. C., Salkeld, J., Toobert, D. J., Domas, A.,

221.

222.

223.

224,

225.

226.

2217.

228.

229.

230.

231.

232.

Elliot, D. L., Hardin, J., and Nebeling, L. (2008). Accuracy
and precision of two short screeners to assess change in fruit
and vegetable consumption among diverse populations par-
ticipating in health promotion intervention trials. J. Nutr.
138, 2185-2255.

Block, G., Clifford, C., Naughton, M. D., Henderson, M.,
and McAdams, M. (1989). A brief dietary screen for high fat
intake. J. Nutr. Educ. 21, 199-207.

Coates, R. J., Serdula, M. K., Byers, T., Mokdad, A., Jewell,
S., Leonard, S. B., Ritenbaugh, C., Newcomb, P.,
Mares-Perlman, J., and Chavez, N. (1995). A brief,
telephone-administered food frequency questionnaire can
be useful for surveillance of dietary fat intakes. J. Nutr.
125, 1473-1483.

Spencer, E. H., Elon, L. K., Hertzberg, V. S., Stein, A. D.,
and Frank, E. (2005). Validation of a brief diet survey
instrument among medical students. J. Am. Diet. Assoc.
105, 802-806.

Caan, B., Coates, A., and Schaffer, D. (1995). Variations in
sensitivity, specificity, and predictive value of a dietary fat
screener modified from Block et al. J. Am. Diet. Assoc. 95,
564-568.

Kris-Etherton, P., Eissenstat, B., Jaax, S., Srinath, U., Scott,
L., Rader, J., and Pearson, T. (2001). Validation for
MEDFICTS, a dietary assessment instrument for evaluating
adherence to total and saturated fat recommendations of the
National Cholesterol Education Program Step 1 and Step 2
diets. J. Am. Diet. Assoc. 101, 81-86.

Taylor, A. J., Wong, H., Wish, K., Carrow, J., Bell, D.,
Bindeman, J., Watkins, T., Lehmann, T., Bhattarai, S., and
O’Malley, P. G. (2003). Validation of the MEDFICTS diet-
ary questionnaire: a clinical tool to assess adherence to
American Heart Association dietary fat intake guidelines.
Nutr. J. 2, 4.

Teal, C. R., Baham, D. L., Gor, B. J., and Jones, L. A.
(2007). Is the MEDFICTS Rapid Dietary Fat Screener valid
for premenopausal African-American women? J. Am. Diet.
Assoc. 107, 773-781.

Holmes, A. L., Sanderson, B., Maisiak, R., Brown, A., and
Bittner, V. (2005). Dietitian services are associated with
improved patient outcomes and the MEDFICTS dietary
assessment questionnaire is a suitable outcome measure in
cardiac rehabilitation. J. Am. Diet. Assoc. 105, 1533—-1540.
Rohrmann, S., and Klein, G. (2003). Validation of a short
questionnaire to qualitatively assess the intake of total fat,
saturated, monounsaturated, polyunsaturated fatty acids, and
cholesterol. J. Hum. Nutr. Diet. 16, 111-117.

Rohrmann, S., and Klein, G. (2003). Development and vali-
dation of a short food list to assess the intake of total fat,
saturated, mono-unsaturated, polyunsaturated fatty acids and
cholesterol. Eur. J. Public Health 13, 262-268.

Thompson, F. E., Midthune, D., Subar, A. F., Kipnis, V.,
Kahle, L. L., and Schatzkin, A. (2007). Development and
evaluation of a short instrument to estimate usual dietary
intake of percentage energy from fat. J. Am. Diet. Assoc.
107, 760-767.

Thompson, F E, Midthune, D., Williams, G., Yaroch, A. L.,
Hurley, T. G., Resnicow, K., Hebert, J. R., Toobert, D. J.,
Greene, G. W., Peterson, K., and Nebeling, L. C. (2008).



233.

234.

235.

236.

237.

238.

239.

240.

241.

242.

243.

244.

245.

246.

247.

Evaluation of a short dietary assessment instrument for
percentage energy from fat in an intervention study.
J. Nutr. 138, 1935-1995.

Yaroch, A. L., Resnicow, K., and Khan, L. K. (2000). Valid-
ity and reliability of qualitative dietary fat index question-
naires: a review. J. Am. Diet. Assoc. 100, 240-244.

van Assema, P., Brug, J., Kok, G., and Brants, H. (1992). The
reliability and validity of a Dutch questionnaire on fat con-
sumption as a means to rank subjects according to individual
fat intake. Eur. J. Cancer Prev. 1, 375-380.

Ammerman, A. S., Haines, P. S., DeVellis, R. F., Strogatz,
D. S., Keyserling, T. C., and Simpson, R. J., Jr., and
Siscovick, D. S., (1991). A brief dietary assessment to
guide cholesterol reduction in low-income individuals:
design and validation. J. Am. Diet. Assoc. 91, 1385-1390.
Hopkins, P. N., Williams, R. R., Kuida, H., Stults, B. M., Hunt,
S. C., Barlow, G. K., and Ash, K. O. (1989). Predictive value of
a short dietary questionnaire for changes in serum lipids in high-
risk Utah families. Am. J. Clin. Nutr. 50, 292-300.
Kemppainen, T., Rosendahl, A., Nuutinen, O., Ebeling, T.,
Pietinen, P., and Uusitupa, M. (1993). Validation of a short
dietary questionnaire and a qualitative fat index for the
assessment of fat intake. Eur. J. Clin. Nutr. 47, 765-775.
Retzlaff, B. M., Dowdy, A. A., Walden, C. E., Bovbjerg,
V. E., and Knopp, R. H. (1997). The Northwest Lipid
Research Clinic Fat Intake Scale: validation and utility.
Am. J. Public Health 87, 181-185.

Little, P., Barnett, J., Margetts, B., Kinmonth, A. L., Gabbay,
J., Thompson, R., Warm, D., Warwick, H., and Wooton, S.
(1999). The validity of dietary assessment in general prac-
tice. J. Epidemiol. Community Health 53, 165-172.

Kinlay, S., Heller, R. F., and Halliday, J. A. (1991). A simple
score and questionnaire to measure group changes in dietary
fat intake. Prev. Med. 20, 378-388.

Beresford, S. A., Farmer, E. M., Feingold, L., Graves, K. L.,
Sumner, S. K., and Baker, R. M. (1992). Evaluation of a self-
help dietary intervention in a primary care setting. Am. J.
Public Health 82, 79-84.

Connor, S. L., Gustafson, J. R., Sexton, G., Becker, N.,
Artaud-Wild, S., and Connor, W. E. (1992). The Diet Habit
Survey: a new method of dietary assessment that relates to
plasma cholesterol changes. J. Am. Diet. Assoc. 92, 41-47.
Glasgow, R. E., Perry, J. D., Toobert, D. J., and Hollis, J. F.
(1996). Brief assessments of dietary behavior in field set-
tings. Addict. Behav. 21, 239-247.

Heller, R. F., Pedoe, H. D., and Rose, G. (1981). A simple
method of assessing the effect of dietary advice to reduce
plasma cholesterol. Prev. Med. 10, 364-370.

Retzlaff, R. M., Dowdy, A. A., Walden, C. E., Bovbjerg,
V. E., and Knopp, R. H. (1997). The northwest lipid
research clinic fat intake scale: validation and utility.
Am. J. Public Health 87, 181-185.

Kristal, A. R., Shattuck, A. L., and Henry, H. J. (1990).
Patterns of dietary behavior associated with selecting
diets low in fat: reliability and validity of a behavioral
approach to dietary assessment. J. Am. Diet. Assoc. 90,
214-220.

Kristal, A. R., White, E., Shattuck, A. L., Curry, S., Anderson,
G. L., Fowler, A., and Urban, N. (1992). Long-term

CHAPTER 1 - Dietary Assessment Methodology

248.

249.

250.

251.

252.

253.

254.

255.

256.

257.

258.

259.

260.

31

maintenance of a low-fat diet: durability of fat-related dietary
habits in the Women’s Health Trial. J. Am. Diet. Assoc. 92,
553-559.

Kristal, A. R., Beresford, S. A., and Lazovich, D. (1994).
Assessing change in diet-intervention research. Am. J. Clin.
Nutr. 59, 185S-189S.

Yaroch, A. L., Resnicow, K., Petty, A. D., and Khan, L. K.
(2000). Validity and reliability of a modified qualitative
dietary fat index in low-income, overweight, African Amer-
ican adolescent girls. J. Am. Diet. Assoc. 100, 1525-1529.
Risica, P M, Burkholder, G. B., Gans, K. M., Lasater, T. M.,
Acharyya S, Davis, C., and Kirtania, U. (2007). Assessing
fat-related dietary behaviors among black women: reliability
and validity of a new Food Habits Questionnaire. J. Nutr.
Educ. Behav. 39, 197-204.

Anderson, C. A., Kumanyika, S. K., Shults, J., Kallan, M. J.,
Gans, K. M., and Risica, P. M. (2007). Assessing change in
dietary-fat behaviors in a weight-loss program for African
Americans: a potential short method. J. Am. Diet. Assoc.
107, 838-842.

Block, G., Gillespie, C., Rosenbaum, E. H., and Jenson, C.
(2000). A rapid food screener to assess fat and fruit and
vegetable intake. Am. J. Prev. Med. 18, 284-288.
Andersen, L. F., Johansson, L., and Solvoll, K. (2002).
Usefulness of a short food frequency questionnaire for
screening of low intake of fruit and vegetable and for intake
of fat. Eur. J. Public Health 12, 208-213.

Buzzard, I. M., Stanton, C. A., Figueiredo, M., Fries, E. A.,
Nicholson, R., Hogan, C. J., and Danish, S. J. (2001). Devel-
opment and reproducibility of a brief food frequency
questionnaire for assessing the fat, fiber, and fruit and vege-
table intakes of rural adolescents. J. Am. Diet. Assoc. 101,
1438-1446.

Thompson, F. E., Midthune, D., Subar, A. F., Kahle, L. L.,
Schatzkin, A., and Kipnis, V. (2004). Performance of a short
tool to assess dietary intakes of fruits and vegetables, per-
centage energy from fat and fibre. Public Health Nutr. 7,
1097-1105.

Svilaas, A., Strom, E. C., Svilaas, T., Borgejordet, A.,
Thoresen, M., and Ose, L. (2002). Reproducibility and valid-
ity of a short food questionnaire for the assessment of dietary
habits. Nutr. Metab. Cardiovasc. Dis. 12, 60-70.

Laviolle, B., Froger-Bompas, C., Guillo, P., Sevestre, A.,
Letellier, C., Pouchard, M., Daubert, J. C., and Paillard, F.
(2005). Relative validity and reproducibility of a 14-item
semi-quantitative food frequency questionnaire for cardio-
vascular prevention. Eur. J. Cardiovasc. Prev. Rehabil. 12,
587-595.

Rifas-Shiman, S. L., Willett, W. C., Lobb, R., Kotch, J.,
Dart, C., and Gillman, M. W. (2001). PrimeScreen, a brief
dietary screening tool: reproducibility and comparability
with both a longer food frequency questionnaire and biomar-
kers. Public Health Nutr. 4, 249-254.

Five-factor screener in the 2005 NHIS cancer control
supplement. (2007). National Cancer Institute, http://applied
research.cancer.gov/surveys/nhis/5factor.

The diet screener in the 2005 California Health Interview
Survey. (2007). National Cancer Institute, http://appliedre-
search.cancer.gov/surveys/chis/dietscreener.



32

261.

262.

263.

264.

265.

266.

267.

268.

269.

270.

271.

272.

273.

274.

275.

SECTION I - A. Assessment Methods for Research and Practice

Shannon, J., Kristal, A. R., Curry, S. J., and Beresford, S. A.
(1997). Application of a behavioral approach to measuring
dietary change: the fat-and fiber-related diet behavior ques-
tionnaire. Cancer Epidemiol. Biomarkers Prev. 6, 355-361.
Schlundt, D. G., Hargreaves, M. K., and Buchowski, M. S.
(2003). The Eating Behavior Patterns Questionnaire predicts
dietary fat intake in African American women. J. Am. Diet.
Assoc. 103, 338-345.

Gans, K. M., Risica, P. M., Wylie-Rosett, J., Ross, E. M.,
Strolla, L. O., McMurray, J., and Eaton, C. B. (2006). Devel-
opment and evaluation of the nutrition component of the
Rapid Eating and Activity Assessment for Patients
(REAP): a new tool for primary care providers. J. Nutr.
Educ. Behav. 38, 286-292.

Kristal, A. R., Shattuck, A. L., Henry, H. J., and Fowler,
A. S. (1989). Rapid assessment of dietary intake of fat, fiber,
and saturated fat: validity of an instrument suitable for com-
munity intervention research and nutritional surveillance.
Am. J. Health Promot. 4, 288-295.

Kristal, A. R., Abrams, B. F., Thornquist, M. D., Disogra, L.,
Croyle, R. T., Shattuck, A. L., and Henry, H. J. (1990).
Development and validation of a food use checklist for
evaluation of community nutrition interventions. Am. J. Pub-
lic Health 80, 1318-1322.

Neuhouser, M. L., Patterson, R. E., Kristal, A. R., Eldridge,
A. L., and Vizenor, N. C. (2001). A brief dietary assessment
instrument for assessing target foods, nutrients and eating
patterns. Public Health Nutr. 4, 73-78.

Yen, J., Zoumas-Morse, C., Pakiz, B., and Rock, C. L.
(2003). Folate intake assessment: validation of a new
approach. J. Am. Diet. Assoc. 103, 991-1000.

Zhou, S. J., Schilling, M. J., and Makrides, M. (2005).
Evaluation of an iron specific checklist for the assessment
of dietary iron intake in pregnant and postpartum women.
Nutrition 21, 908-913.

Haraldsdottir, J., Thorsdottir, I., de Almeida, M. D., Maes,
L., Perez, R. C., Elmadfa, L., and Frost, A. L. (2005). Validity
and reproducibility of a precoded questionnaire to assess
fruit and vegetable intake in European 11- to 12-year-old
schoolchildren. Ann. Nutr. Metab. 49, 221-227.

Birkett, N. J., and Boulet, J. (1995). Validation of a food
habits questionnaire: poor performance in male manual
laborers. J. Am. Diet. Assoc. 95, 558-563.

Gray-Donald, K., O’Loughlin, J., Richard, L., and Paradis,
G. (1997). Validation of a short telephone administered
questionnaire to evaluate dietary interventions in low income
communities in Montreal, Canada. J. Epidemiol. Community
Health 51, 326-331.

Spoon, M. P., Devereux, P. G., Benedict, J. A., Leontos, C.,
Constantino, N., Christy, D., and Snow, G. (2002). Useful-
ness of the food habits questionnaire in a worksite setting. J.
Nutr. Educ. Behay. 34, 268-272.

Burke, B. S. (1947). The dietary history as a tool in research.
J. Am. Diet. Assoc. 23, 1041-1046.

Burke, B. S., and Stuart, H. C. (1938). A method of diet
analysis: applications in research and pediatric practice. J.
Pediatr. 12, 493-503.

McDonald, A., Van Horn, L., Slattery, M., Hilner, J., Bragg,
C., Caan, B., Jacobs, D., Jr.,, Liu, K., Hubert, H., and

276.

277.

278.

279.

280.

281.

282.

283.

284.

285.

286.

287.

288.

289.

290.

Gernhofer, N. (1991). The CARDIA dietary history: devel-
opment, implementation, and evaluation. J. Am. Diet. Assoc.
91, 1104-1112.

Visser, M., De Groot, L. C., Deurenberg, P., and van
Staveren, W. A. (1995). Validation of dietary history method
in a group of elderly women using measurements of total
energy expenditure. Br. J. Nutr. 74, 775-785.

Kohlmeier, L., Mendez, M., McDuffie, J., and Miller, M.
(1997). Computer-assisted self-interviewing: a multimedia
approach to dietary assessment. Am. J. Clin. Nutr. 685,
12755-12818.

Landig, J., Erhardt, J. G., Bode, J. C., and Bode, C. (1998).
Validation and comparison of two computerized methods of
obtaining a diet history. Clin. Nutr. 17, 113-117.
Kohlmeier, L. (1994). Gaps in dietary assessment methodol-
ogy: meal vs list-based methods. Am. J. Clin. Nutr. 59,
175s—179s.

van Staveren, W. A., de Boer, J. O., and Burema, J. (1985).
Validity and reproducibility of a dietary history method
estimating the usual food intake during one month. Am. J.
Clin. Nutr. 42, 554-559.

Jain, M. (1989). Diet history: questionnaire and interview
techniques used in some retrospective studies of cancer. J.
Am. Diet. Assoc. 89, 1647-1652.

Kune, S., Kune, G. A., and Watson, L. F. (1987). Observa-
tions on the reliability and validity of the design and diet
history method in the Melbourne Colorectal Cancer Study.
Nutr. Cancer 9, 5-20.

Tapsell, L. C., Brenninger, V., and Barnard, J. (2000). Apply-
ing conversation analysis to foster accurate reporting in the
diet history interview. J. Am. Diet. Assoc. 100, 818-824.

van Beresteyn, E. C., van’t Hof, M. A., van der Heiden-
Winkeldermaat, H. J., ten Have-Witjes, A., and Neeter, R.
(1987). Evaluation of the usefulness of the cross-check
dietary history method in longitudinal studies. J. Chronic.
Dis. 40, 1051-1058.

Bloemberg, B. P., Kromhout, D., Obermann-De Boer, G. L.,
and Van Kampen-Donker, M. (1989). The reproducibility of
dietary intake data assessed with the cross-check dietary
history method. Am. J. Epidemiol. 130, 1047-1056.
Mensink, G. B., Haftenberger, M., and Thamm, M. (2001).
Validity of DISHES 98, a computerised dietary history inter-
view: energy and macronutrient intake. Eur. J. Clin. Nutr.
55, 409-417.

Slattery, M. L., Caan, B. J., Duncan, D., Berry, T. D., Coates,
A., and Kerber, R. (1994). A computerized diet history
questionnaire for epidemiologic studies. J. Am. Diet. Assoc.
94, 761-766.

Jain, M., Howe, G. R., Johnson, K. C., and Miller, A. B.
(1980). Evaluation of a diet history questionnaire for epide-
miologic studies. Am. J. Epidemiol. 111, 212-219.

Nes, M., van Staveren, W. A., Zajkas, G., Inelmen, E. M.,
and Moreiras-Varela, O. (1991). Validity of the dietary his-
tory method in elderly subjects. Euronut SENECA investi-
gators. Eur. J. Clin. Nutr. 45(suppl 3), 97-104.

Jain, M., Howe, G. R., and Rohan, T. (1996). Dietary assess-
ment in epidemiology: comparison of a food frequency and a
diet history questionnaire with a 7-day food record. Am. J.
Epidemiol. 143, 953-960.



291.

292.

293.

294.

295.

296.

297.

298.

299.

300.

301.

302.

303.

304.

EPIC Group of Spain. (1997). Relative validity and reprodu-
cibility of a diet history questionnaire in Spain. I. Foods. Int.
J. Epidemiol. 26(suppl 1), S91-S99.

EPIC Group of Spain. (1997). Relative validity and reprodu-
cibility of a diet history questionnaire in Spain. II. Nutrients.
Int. J. Epidemiol. 26(suppl 1), S100-S109.

van Liere, M. J., Lucas, F., Clavel, F., Slimani, N., and
Villeminot, S. (1997). Relative validity and reproducibility
of a French dietary history questionnaire. Int. J. Epidemiol.
26(suppl 1), S128-S136.

Liu, K., Slattery, M., Jacobs, D. J., Cutter, G., McDonald, A.,
Van Horn, L., Hilner, J. E., Caan, B., Bragg, C., and Dyer, A.
(1994). A study of the reliability and comparative validity of
the Cardia Dietary History. Ethn. Dis. 4, 15-27.
Rothenberg, E., Bosaeus, 1., Lernfelt, B., Landahl, S., and
Steen, B. (1998). Energy intake and expenditure: validation
of a diet history by heart rate monitoring, activity diary and
doubly labeled water. Eur. J. Clin. Nutr. 52, 832-838.
EPIC Group of Spain. (1997). Relative validity and reprodu-
cibility of a diet history questionnaire in Spain. III. Biochem-
ical markers. Int. J. Epidemiol. 26(suppl 1), S110-S117.
Lytle, L. A., Nichaman, M. Z., Obarzanek, E., Glovsky, E.,
Montgomery, D., Nicklas, T., Zive, M., and Feldman, H.
(1993). Validation of 24-hour recalls assisted by food records
in third-grade children. J. Am. Diet. Assoc. 93, 1431-1436.
Weber, J. L., Lytle, L., Gittelsohn, J., Cunningham-Sabo, L.,
Heller, K., Anliker, J. A., Stevens, J., Hurley, J., and Ring, K.
(2004). Validity of self-reported dietary intake at school
meals by American Indian children: the Pathways Study. J.
Am. Diet. Assoc. 104, 746-752.

Andersen, L. F., Bere, E., Kolbjornsen, N., and Klepp, K. .
(2004). Validity and reproducibility of self-reported intake of
fruit and vegetable among 6th graders. Eur. J. Clin. Nutr. 58,
771-7717.

Kristjansdottir, A. G., Andersen, L. F., Haraldsdottir, J., de
Almeida, M. D., and Thorsdottir, I. (2006). Validity of a
questionnaire to assess fruit and vegetable intake in adults.
Eur. J. Clin. Nutr. 60, 408-415.

Amend, A., Melkus, G. D., Chyun, D. A., Galasso, P., and
Wylie-Rosett, J. (2007). Validation of dietary intake data in
black women with type 2 diabetes. J. Am. Diet. Assoc. 107,
112-117.

Thompson, F., Subar, A., Potischman, N., Midthune, D.,
Kipnis, V., Troiano, R. P., and Schatzkin, A. (2006). A
checklist-adjusted food frequency method for assessing diet-
ary intake. In “Sixth International Conference on Dietary
Assessment Methods: Complementary Advances in Diet and
Physical ~ Activity = Assessment  Methodologies™ Diet
Research Foundation, the Danish Network of Nutritional
Epidemiologists, Copenhagen, Denmark .

Tooze, J. A., Midthune, D., Dodd, K. W., Freedman, L. S.,
Krebs-Smith, S. M., Subar, A. F., Guenther, P. M., Carroll,
R. J., and Kipnis, V. (2006). A new statistical method for
estimating the usual intake of episodically consumed foods
with application to their distribution. J. Am. Diet. Assoc. 106,
1575-1587.

Raper, N., Perloff, B., Ingwersen, L., Steinfeldt, L., and
Anand, J. (2004). An overview of USDA’s dietary intake
data system. J. Food Compost. Anal. 17, 545-555.

CHAPTER 1 - Dietary Assessment Methodology

305.

306.

307.

308.

309.

310.

311.

312.

313.

314.

315.

316.

317.

318.

33

Foodlink archives. (2007). Agricultural Research Services,
U.S. Department of Agriculture, www.ars.usda.gov/Services/
docs.htm?docid=8634.

U.S. Department of Health and Human Services (2000).
“Nutrition and Your Health: Dietary Guidelines for
Americans,” 5th ed. U.S. Government Printing Office,
Washington, DC.

U.S. Department of Health and Human Services, and U.S.
Department of Agriculture. (2005). “Dietary Guidelines for
Americans, 2005.” U.S. Government Printing Office,
Washington, DC.

National Center for Health Statistics. (1992). Dietary meth-
odology workshop for the Third National Health and Nutri-
tion Examination Survey. Vital and Health Statistics 4(27),
Publication No: 92-1464. Department of Health and Human
Services, Hyattsville, MD.

National Center for Health Statistics. (1994). Plan and opera-
tion of the Third National Center for Health and Nutrition
Examination Survey, 1988-1994. Vital Health Stat 1(32),
Publ No. 94-1308. Department of Health and Human Ser-
vices, Hyattsville, MD.

National Center for Health Statistics (1985). “Plan of Opera-
tion of the Hispanic Health and Nutrition Examination Survey
1982-84.” U.S. Dept. of Health Human Services, Hyattsville,
MD.

U.S. Department of Agriculture, H.N.I.S. (1984). Nutrient
Intakes: Individuals in 48 States, Year 1977-78. Nationwide
Food Consumption Survey 1977-78. Report No. I-2. U.S.
Department of Agriculture, Hyattsville, MD.

U.S. Department of Agriculture, H.N.I.S.C.N.D. (1983). Food
Intakes: Individuals in 48 States, Year 1977-78. Nationwide
Food Consumption Survey 1977-78. Report No. I-1. U.S.
Department of Agriculture, Hyattsville, MD.

Peterkin, B. B., Rizek, R. L., and Tippett, K. S. (1988).
Nationwide food consumption survey, 1987. Nutr. Today,
18-23.

U.S. Department of Agriculture, H.N.I.S. (1993). Food and
nutrient intakes by individuals in the United States, 1 day,
1987-88: Nationwide food consumption survey 1987-88.
NFCS Rep. No. 87-I-1. U.S. Department of Agriculture,
Hyattsville, MD.

U.S. Department of Agriculture, H.N.I.S. (1987). CSFIIL
Nationwide Food Consumption Survey, Continuing Survey
of Food Intakes by Individuals. Women 19-50 Years and
Their Children 1-5 Years, 1 Day. CSFII Report No. 86-1.
U.S. Department of Agriculture, Hyattsville, MD.

U.S. Department of Agriculture, H.N.L.S. (1986). CSFII.
Nationwide Food Consumption Survey. Continuing Survey
of Food Intakes by Individuals. Women 19-50 Years and
their Children 1-5 Years, 4 Days. NFCS, CSFII Report No.
86-3. U.S. Department of Agriculture, Hyattsville, MD.
U.S. Department of Agriculture, H.N.LS.N.M.D. (1985).
Nationwide food consumption survey continuing survey of
food intakes by individuals: women 19-50 years and their
children 1-5 years, 1 day. NFCS, CSFII Report No. 85-1.
U.S. Department of Agriculture, Hyattsville, MD.

U.S. Department of Agriculture, HN.LS.N.M.D. (1985).
Nationwide food consumption survey continuing survey of
food intakes by individuals: low income women 19-50 years



34

319.

320.

321.

322.

323.

324.

325.

326.

327.

328.

329.

330.

SECTION I - A. Assessment Methods for Research and Practice

and their children 1-5 years, 1 day. NFCS, CSFII Report No.
85-2. U.S. Department of Agriculture, Hyattsville, MD.
U.S. Department of Agriculture, HN.LS.N.M.D. (1985).
Nationwide food consumption survey continuing survey of
food intakes by individuals: low-income women 19-50 years
and their children 1-5 years, 4 days. NFCS, CSFII Report
No. 85-5. U.S. Department of Agriculture, Hyattsville, MD.
U.S. Department of Agriculture, H.N.LS.N.M.D. (1986).
Nationwide food consumption survey continuing of food
intakes by individuals: low- income women 19-50 years
and their children 1-5 years, 1 day. NFCS, CSFII Report
No. 86-2. U.S. Department of Agriculture, Hyattsville, MD.
U.S. Department of Agriculture, H.N.LS.N.M.D. (1986).
Nationwide food consumption continuing survey of food
intakes by individuals: low-income women 19-50 years
and their children 1-5 years, 4 days. NFCS, CSFII, Report
No. 86—4. U.S. Department of Agriculture, Hyattsville, MD.
U.S. Department of Agriculture, H.N.LS.N.M.D. (1985).
Nationwide food consumption survey continuing survey of
food intakes by individuals: men 19-50 years, 1 day. NFCS,
CSFII Rep. No. 85-3. U.S. Department of Agriculture,
Hyattsville, MD.

U.S. Department of Agriculture, H.N.L.S. (1993). NFCS con-
tinuing survey of food intakes by individuals, 1989. 5285
Port Royal Rd, Springfield, VA 22161: Accession No. PB93-
500411. Computer Tape. U.S. Dept. Commerce, National
Technical Information Service, Springfield, VA.

U.S. Department of Agriculture, H.N.L.S. (1993). NFCS con-
tinuing survey of food intakes by individuals, 1990. 5285
Port Royal Rd, Springfield, VA 22161. Accession No.
PB93-504843. Computer Tape. U.S. Department of Com-
merce, National Technical Information Service, Springfield,
VA.

U.S. Department of Agriculture, H.N.L.S. (1994). NFCS con-
tinuing survey of food intakes by individuals, 1991. 5285
Port Royal Rd, Springfield, VA 22161, Accession No. PB94-
500063, Computer Tape. U.S. Dept. of Commerce, National
Technical Information Service, Springfield, VA.
Interagency Board for Nutrition Monitoring and Related
Research. (1992). Nutrition Monitoring in the United States:
the Directory of Federal and State Nutrition Monitoring
Activities. (PHS) 92-1255-1. Department of Health and
Human Services, Hyattsville, MD.

U.S. Department of Agriculture, A.R.S. (1998). Food and
nutrient intakes by individuals in the United States, by sex
and age, 1994-96, Nationwide Food Surveys. NFS Report
No. 96-2. U.S. Department of Agriculture, Hyattsville, MD.
Subar, A. F., Dodd, K. W., Guenther, P. M., Kipnis, V.,
Midthune, D., McDowell, M., Tooze, J. A., Freedman,
L. S., and Krebs Smith, S. M. (2006). The food propen-
sity questionnaire: concept, development, and validation
for use as a covariate in a model to estimate usual food
intake. J. Am. Diet. Assoc. 106, 1556-1563.

Food surveys research group. (2007). Agricultural Research
Services, U.S. Department of Agriculture, http://www.ars.us-
da.gov/main/site _main.htm?modecode=12-35-50-00.
National Health and Nutrition Examination Survey. (2007).
National Center for Health Statistics, www.cdc.gov/nchs/
about/major/nhanes/survey_results_and_products.htm.

331.

332.

333.

334.

335.

336.

337.

338.

339.

340.

341.

342.

343.

344.

345.

California statewide surveys. (2004). California Department
of Health Services, www.dhs.ca.gov/ps/cdic/cpns/research/
rea_surveys.htm.

Friedenreich, C. M., Slimani, N., and Riboli, E. (1992).
Measurement of past diet: review of previous and proposed
methods. Epidemiol. Rev. 14, 177-196.

Maruti, S. S., Feskanich, D., Rockett, H. R., Colditz, G. A.,
Sampson, L. A., and Willett, W. C. (2006). Validation of
adolescent diet recalled by adults. Epidemiology 17,226-229.
Thompson, F. E., Lamphiear, D. E., Metzner, H. L.,
Hawthorne, V. M., and Oh, M. S. (1987). Reproducibility
of reports of frequency of food use in the Tecumseh diet
methodology study. Am. J. Epidemiol. 125, 658—671.
Malila, N., Virtanen, M., Pietinen, P., Virtamo, J., Albanes,
D., Hartman, A. M., and Heinonen, O. P. (1998). A compar-
ison of prospective and retrospective assessments of diet in a
study of colorectal cancer. Nutr. Cancer 32, 146—153.
Friedenreich, C. M., Howe, G. R., and Miller, A. B. (1991).
An investigation of recall bias in the reporting of past food
intake among breast cancer cases and controls. Ann. Epide-
miol. 1, 439-453.

Friedenreich, C. M., Howe, G. R., and Miller, A. B. (1991).
The effect of recall bias on the association of calorie-
providing nutrients and breast cancer. Epidemiology 2,
424-429.

Willett, W. C., and Hu, F. B. (2007). The food frequency
questionnaire. Cancer Epidemiol. Biomarkers Prev. 16,
182-183.

Freedman, L. S., Schatzkin, A., Thiebaut, A. C., Potischman,
N., Subar, A. F., Thompson, F. E., and Kipnis, V. (2007).
Abandon neither the food frequency questionnaire nor the
dietary fat-breast cancer hypothesis [letter to the editor].
Cancer Epidemiol. Biomarkers Prev. 16, 1321-1322.
Goldbohm, R. A., van’t Veer, P., van den Brandt, P. A.,
van’t, H., Brants, H. A., Sturmans, F., and Hermus, R. J.
(1995). Reproducibility of a food frequency questionnaire
and stability of dietary habits determined from five annually
repeated measurements. Eur. J. Clin. Nutr. 49, 420—429.
Freedman, L. S., Carroll, R. J., and Wax, Y. (1991). Estimat-
ing the relation between dietary intake obtained from a food
frequency questionnaire and true average intake. Am. J.
Epidemiol. 134, 310-320.

Rosner, B., Willett, W. C., and Spiegelman, D. (1989).
Correction of logistic regression relative risk estimates and
confidence intervals for systematic within-person measure-
ment error. Stat. Med. 8, 1051-1069.

Kaaks, R., Plummer, M., Riboli, E., Esteve, J., and van
Staveren, W. (1994). Adjustment for bias due to errors in
exposure assessments in multicenter cohort studies on diet
and cancer: a calibration approach. Am. J. Clin. Nutr. 59,
245s-250s.

Carroll, R. J., Freedman, L. S., and Kipnis, V. (1998). Mea-
surement error and dietary intake. Adv. Exp. Med. Biol. 445,
139-145.

Ritenbaugh, C., Patterson, R. E., Chlebowski, R. T., Caan,
B., Fels Tinker, L., Howard, B., and Ockene, J. (2003). The
Women’s Health Initiative Dietary Modification trial: over-
view and baseline characteristics of participants. Ann. Epi-
demiol. 13, S87-S97.



346.

347.

348.

349.

350.

351.

352.

353.

354.

355.

356.

357.

358.

359.

Briefel, R. R. (1994). Assessment of the US diet in national
nutrition surveys: national collaborative efforts and
NHANES. Am. J. Clin. Nutr. 59, 164s-167s.

Georgiou, C. C. (1993). Saturated fat intake of elderly
women reflects perceived changes in their intake of foods
high in saturated fat and complex carbohydrate. J. Am. Diet.
Assoc. 93, 1444—-1445.

Srinath, U., Shacklock, F., Scott, L. W., Jaax, S., and
Kris-Etherton, P. M. (1993). Development of MEDFICTS—
a dietary assessment instrument for evaluating fat, saturated
fat, and cholesterol intake. J. Am. Diet. Assoc. October 28,
A105(abstract).

Prochaska, J. O., DiClemente, C. C., and Norcross, J. C.
(1992). In search of how people change: applications to
addictive behaviors. Am. Psychol. 47, 1102-1114.

Glanz, K., Patterson, R. E., Kristal, A. R., DiClemente, C. C.,
Heimendinger, J., Linnan, L., and McLerran, D. F. (1994).
Stages of change in adopting healthy diets: fat, fiber, and
correlates of nutrient intake [published erratum appears in
Health Educ. Q., May 1995, 22(2), 261]. Health Educ. Q. 21,
499-519.

Cheadle, A., Psaty, B. M., Diehr, P., Koepsell, T., Wagner,
E., Curry, S., and Kristal, A. (1995). Evaluating community-
based nutrition programs: comparing grocery store and
individual-level survey measures of program impact. Prev.
Med. 24, 71-79.

Cheadle, A., Psaty, B. M., Curry, S., Wagner, E., Diehr, P.,
Koepsell, T., and Kristal, A. (1993). Can measures of the
grocery store environment be used to track community-level
dietary changes? Prev. Med. 22, 361-372.

Smith-Warner, S. A., Elmer, P. J., Tharp, T. M., Fosdick, L.,
Randall, B., Gross, M., Wood, J., and Potter, J. D. (2000).
Increasing vegetable and fruit intake: randomized interven-
tion and monitoring in an at-risk population. Cancer Epide-
miol. Biomarkers Prev. 9, 307-317.

Sasaki, S., Ishikawa, T., Yanagibori, R., and Amano, K.
(1999). Responsiveness to a self-administered diet history
questionnaire in a work-site dietary intervention trial for
mildly hypercholesterolemic Japanese subjects: correlation
between change in dietary habits and serum cholesterol
levels. J. Cardiol. 33, 327-338.

Samet, J. M., and Alberg, A. J. (1998). Surrogate sources of
dietary information. /n “Nutritional Epidemiology” (W.
Willett, Ed.), Oxford University Press, New York.

Kolonel, J. N., Hirohata, T., and Nomura, A. M. Y. (1977).
Adequacy of survey data collected from substitute respon-
dents. Am. J. Epidemiol. 106(6), 476-484.

Marshall, J., Priore, R., Haughey, B., Rzepka, T., and Gra-
ham, S. (1980). Spouse-subject interviews and the reliability
of diet studies. Am. J. Epidemiol. 112(6), 675-683.
Humble, C. G., Samet, J. M., and Skipper, B. E. (1984).
Comparison of self-and surrogate-reported dietary informa-
tion. Am. J. Epidemiol. 119(1) 86-98.

Metzner, H. L., Lamphiear, D. E., Thompson, F. E., Oh,
M. S., and Hawthorne, V. M. (1989). Comparison of
surrogate and subject reports of dietary practices, smoking
habits and weight among married couples in the
Tecumseh Diet Methodology Study. J. Clin. Epidemiol. 42,
367-375.

CHAPTER 1 - Dietary Assessment Methodology

360.

361.

362.

363.

364.

365.

366.

367.

368.

369.

370.

371.

372.

373.

374.

375.

376.

35

Hislop, T. G., Coldman, A. J., Zheng, Y. Y., Ng, V. T., and
Labo, T. (1992). Reliability of dietary information from
surrogate respondents. Nutr. Cancer 18, 123-129.
Herrmann, N. (1985). Retrospective information from ques-
tionnaires. I. Comparability of primary respondents and their
next-of-kin. Am. J. Epidemiol. 121, 937-947.

Petot, G. J., Debanne, S. M., Riedel, T. M., Smyth, K. A.,
Koss, E., Lerner, A. J., and Friedland, R. P. (2002). Use of
surrogate respondents in a case control study of dietary risk
factors for Alzheimer’s disease. J. Am. Diet. Assoc. 102,
848-850.

Fryzek, J. P., Lipworth, L., Signorello, L. B., and McLaughlin,
J. K. (2002). The reliability of dietary data for self and next-
of-kin respondents. Ann. Epidemiol. 12, 278-283.

Hankin, J. H., and Wilkens, L. R. (1994). Development and
validation of dietary assessment methods for culturally
diverse populations. Am. J. Clin. Nutr. 59, 198s-200s.
Lyons, G. K., Woodruff, S. I., Candelaria, J. I., Rupp, J. W.,
and Elder, J. P. (1996). Development of a protocol to assess
dietary intake among Hispanics who have low literacy skills
in English. J. Am. Diet. Assoc. 96, 1276-1279.

Loria, C. M., McDowell, M. A., Johnson, C. L., and Woteki,
C. E. (1991). Nutrient data for Mexican-American foods: are
current data adequate? J. Am. Diet. Assoc. 91, 919-922.
Indian Health Service. (1992). Navajo Health and Nutrition
Survey Manual. Navajo Area Indian Health Service, Nutri-
tion and Dietetics Branch, Health Promotion/Disease
Prevention Program.

Lee, M. M., Lee, F., Wang-Ladenla, S., and Miike, R.
(1994). A semiquantitative dietary history questionnaire for
Chinese Americans. Ann. Epidemiol. 4, 188-197.

Hebert, J. R., Gupta, P. C., Bhonsle, R. B., Sinor, P. N.,
Mehta, H., and Mehta, F. S. (1999). Development and testing
of a quantitative food frequency questionnaire for use in
Gujarat, India. Public Health Nutr. 2, 39-50.

Taren, D., de Tobar, M., Ritenbaugh, C., Graver, E., Whitacre,
R., and Aiken, M. (2000). Evaluation of the Southwest Food
Frequency Questionnaire. Ecol. Food Nutr. 38, 515-547.
Shahar, D., Shai, 1., Vardi, H., Brener-Azrad, A., and Fraser,
D. (2003). Development of a semi-quantitative Food Fre-
quency Questionnaire (FFQ) to assess dietary intake of mul-
tiethnic populations. Eur. J. Epidemiol. 18, 855-861.
Sharma, S., Cade, J., Landman, J., and Cruickshank, J. K.
(2002). Assessing the diet of the British African-Caribbean
population: frequency of consumption of foods and food
portion sizes. Int. J. Food Sci. Nutr. 53, 439-444.

Tucker, K. L., Bianchi, L. A., Maras, J., and Bermudez, O. 1.
(1998). Adaptation of a food frequency questionnaire to
assess diets of Puerto Rican and non-Hispanic adults. Am.
J. Epidemiol. 148, 507-518.

Tucker, K. L., Maras, J., Champagne, C., Connell, C.,
Goolsby, S., Weber, J., Zaghloul, S., Carithers, T., and
Bogle, M. L. (2005). A regional food-frequency questionnaire
for the US Mississippi Delta. Public Health Nutr. 8, 87-96.
Coates, R. J., and Monteilh, C. P. (1997). Assessments of
food frequency questionnaires in minority populations. Am.
J. Clin. Nutr. 65, 1108S-1115S.

Mayer-Davis, E. J., Vitolins, M. Z., Carmichael, S. L.,
Hemphill, S., Tsaroucha, G., Rushing, J., and Levin, S.



36

377.

378.

379.

380.

381.

382.

383.

384.

385.

386.

387.

388.

389.

390.

391.

392.

SECTION I - A. Assessment Methods for Research and Practice

(1999). Validity and reproducibility of a food frequency
interview in a multi-cultural epidemiologic study. Ann. Epi-
demiol. 9, 314-324.

Baumgartner, K. B., Gilliland, F. D., Nicholson, C. S.,
McPherson, R. S., Hunt, W. C., Pathak, D. R., and Samet,
J. M. (1998). Validity and reproducibility of a food fre-
quency questionnaire among Hispanic and non-Hispanic
white women in New Mexico. Ethn. Dis. 8, 81-92.

Cullen, K. W., and Zakeri, 1. (2004). The youth/adolescent
questionnaire has low validity and modest reliability among
low-income African-American and Hispanic seventh-and
eighth grade-youth. J. Am. Diet. Assoc. 104, 415-419.
Baranowski, T., and Domel, S. B. (1994). A cognitive model
of children’s reporting of food intake. Am. J. Clin. Nutr. 59,
212s-217s.

Hertzler, A. A. (1990). A review of methods to research
nutrition knowledge and dietary intake of preschoolers.
Topics Clin. Nutr. 6, 1-9.

Rockett, H. R., and Colditz, G. A. (1997). Assessing
diets of children and adolescents. Am. J. Clin. Nutr. 65,
1116S-1122S.

McPherson, R. S., Hoelscher, D. M., Alexander, M., Scanlon,
K. S., and Serdula, M. K. (2000). Dietary assessment meth-
ods among school-aged children: validity and reliability.
Prev. Med. 31, S11-S33.

Livingstone, M. B., and Robson, P. J. (2000). Measurement
of dietary intake in children. Proc. Nutr. Soc. 59, 279-293.
Serdula, M. K., Alexander, M. P., Scanlon, K. S., and
Bowman, B. A. (2001). What are preschool children eating?
A review of dietary assessment. Annu. Rev. Nutr. 21, 475-498.
Rockett, H. R., Berkey, C. S., and Colditz, G. A. (2003).
Evaluation of dietary assessment instruments in adolescents.
Curr. Opin. Clin. Nutr. Metab. Care 6, 557-562.

NCS dietary assessment literature review. (2007). National
Cancer Institute, http://riskfactor.cancer.gov/tools/children/
review.

Dennison, B. A., Jenkins, P. L., and Rockwell, H. L. (2000).
Development and validation of an instrument to assess child
dietary fat intake. Prev. Med. 31, 214-224.

Koehler, K. M., Cunningham-Sabo, L., Lambert, L. C.,
McCalman, R., Skipper, B. J., and Davis, S. M. (2000).
Assessing food selection in a health promotion program:
validation of a brief instrument for American Indian
children in the southwest United States. J. Am. Diet. Assoc.
100, 205-211.

Simons-Morton, B. G., and Baranowski, T. (1991). Observa-
tion in assessment of children’s dietary practices. J. Sch.
Health 61, 204-207.

Matheson, D. M., Hanson, K. A., McDonald, T. E., and
Robinson, T. N. (2002). Validity of children’s food portion
estimates: a comparison of 2 measurement aids. Arch.
Pediatr. Adolesc. Med. 156, 867-871.

Frobisher, C., and Maxwell, S. M. (2003). The estimation of
food portion sizes: a comparison between using descriptions
of portion sizes and a photographic food atlas by children
and adults. J. Hum. Nutr. Diet. 16, 181-188.

Baranowski, T., Sprague, D., Baranowksi, J. H., and
Harrison, J. A. (1991). Accuracy of maternal dietary recall
for preschool children. J. Am. Diet. Assoc. 91, 669—674.

393.

394.

395.

396.

397.

398.

399.

400.

401.

402.

403.

404.

405.

406.

407.

408.

Eck, L. H., Klesges, R. C., and Hanson, C. L. (1989). Recall
of a child’s intake from one meal: are parents accurate? J.
Am. Diet. Assoc. 89, 784-789.

Sobo, E. J., and Rock, C. L. (2001). “You ate all that!?”
Caretaker-child interaction during children’s assisted dietary
recall interviews. Med. Anthropol. Q. 15, 222-244.
Rockett, H. R., Breitenbach, M., Frazier, A. L., Witschi, J.,
Wolf, A. M., Field, A. E., and Colditz, G. A. (1997). Valida-
tion of a youth/adolescent food frequency questionnaire.
Prev. Med. 26, 808-816.

Klohe, D. M., Clarke, K. K., George, G. C., Milani, T. J.,
Hanss Nuss, H., and Freeland Graves, J. (2005). Relative
validity and reliability of a food frequency questionnaire for
a triethnic population of 1-year-old to 3-year-old children
from low-income families. J. Am. Diet. Assoc. 105, 727-734.
McDowell, M. A., Harris, T. B., and Briefel, R. R. (1991).
Dietary surveys of older persons. Clin. Appl. Nutr. 1, 51-60.
van Staveren, W. A., de Groot, L. C., Blauw, Y. H., and van
der Wielen, R. P. (1994). Assessing diets of elderly people:
problems and approaches. Am. J. Clin. Nutr. 59, 221s-223s.
Mitchell, D. C., Smiciklas-Wright, H., Friedmann, J. M., and
Jensen, G. (2002). Dietary intake assessed by the Nutrition
Screening Initiative Level II Screen is a sensitive but not a
specific indicator of nutrition risk in older adults. J. Am.
Diet. Assoc. 102, 842-844.

Guigoz, Y. (2006). The Mini Nutritional Assessment (MNA)
review of the literature—What does it tell us? J. Nutr. Health
Aging 10, 466—485.

Chianetta, M. M., and Head, M. K. (1992). Effect of prior
notification on accuracy of dietary recall by the elderly. J.
Am. Diet. Assoc. 92, 741-743.

Klipstein-Grobusch, K., den Breeijen, J. H., Goldbohm,
R. A., Geleijnse, J. M., Hofman, A., Grobbee, D. E., and
Witteman, J. C. (1998). Dietary assessment in the elderly:
validation of a semiquantitative food frequency question-
naire. Eur. J. Clin. Nutr. 52, 588-596.

Goldbohm, R. A., van den Brandt, P. A., Brants, H. A., van’t
Veer, P. A., Al, M., Sturmans, F., and Hermus, R. J. (1994).
Validation of a dietary questionnaire used in a large-scale
prospective cohort study on diet and cancer. Eur. J. Clin.
Nutr. 48, 253-265.

Thompson, C. H., Head, M. K., and Rodman, S. M. (1987).
Factors influencing accuracy in estimating plate waste. J.
Am. Diet. Assoc. 87, 1219-1220.

Guthrie, H. A. (1984). Selection and quantification of typical
food portions by young adults. J. Am. Diet. Assoc. 84,
1440-1444.

Nelson, M., Atkinson, M., and Darbyshire, S. (1996). Food
photography II: use of food photographs for estimating por-
tion size and the nutrient content of meals. Br. J. Nutr. 76,
31-49.

Hebert, J. R., Gupta, P. C., Bhonsle, R., Verghese, F.,
Ebbeling, C., Barrow, R., Ellis, S., and Ma, Y. (1999).
Determinants of accuracy in estimating the weight and
volume of commonly used foods: a cross-cultural compar-
ison. Ecol. Food Nutr. 37, 475-502.

Young, L. R., and Nestle, M. S. (1995). Portion sizes in
dietary assessment: issues and policy implications. Nutr.
Rev. 53, 149-158.



4009.

410.

411.

412.

413.

414.

415.

416.

417.

418.

419.

420.

421.

422.

423.

424.

425.

Young, L. R., and Nestle, M. (1998). Variation in percep-
tions of a medium food portion: implications for dietary
guidance. J. Am. Diet. Assoc. 98, 458—459.

Cypel, Y. S., Guenther, P. M., and Petot, G. J. (1997).
Validity of portion-size measurement aids: a review. J. Am.
Diet. Assoc. 97, 289-292.

Hernandez, T., Wilder, L., Kuehn, D., Rubotzky, K., Veillon,
P. M., Godwin, S., Thompson, C., and Wang, C. (2006).
Portion size estimation and expectation of accuracy. J.
Food Compost. Anal. 19, S14-S21.

Chambers, E., McGuire, B., Godwin, S., McDowell, M., and
Vecchio, F. (2000). Quantifying portion sizes for selected
snack foods and beverages in 24-hour dietary recalls. Nutr.
Res. 20, 315-326.

Robinson, F., Morritz, W., McGuiness, P., and Hackett, A. F.
(1997). A study of the use of a photographic food atlas to
estimate served and self-served portion sizes. J. Hum. Nutr.
Diet. 10, 117-124.

Robson, P. J., and Livingstone, M. B. (2000). An evaluation
of food photographs as a tool for quantifying food and
nutrient intakes. Public Health Nutr. 3, 183-192.

Godwin, S. L., Chambers, E., and Cleveland, L. (2004).
Accuracy of reporting dietary intake using various portion-
size aids in-person and via telephone. J. Am. Diet. Assoc.
104, 585-594.

Smith, A. F., Jobe, J. B., and Mingay, D. J. (1991). Question
induced cognitive biases in reports of dietary intake by
college men and women. Health. Psychol. 10, 244-251.
Harnack, L., Steffen, L., Arnett, D. K., Gao, S., and Luepker,
R. V. (2004). Accuracy of estimation of large food portions.
J. Am. Diet. Assoc. 104, 804-806.

Pao, E.M. (1987). Validation of food intake reporting by
men. Administrative Report No: 382. U.S. Department of
Agriculture, Human Nutrition Information Service,
Hyattsville, MD.

Posner, B. M., Smigelski, C., Duggal, A., Morgan, J. L.,
Cobb, J., and Cupples, L. A. (1992). Validation of two-
dimensional models for estimation of portion size in nutri-
tion research. J. Am. Diet. Assoc. 92, 738-741.

Bolland, J. E., Yuhas, J. A., and Bolland, T. W. (1988).
Estimation of food portion sizes: effectiveness of training.
J. Am. Diet. Assoc. 88, 817-821.

Howat, P. M., Mohan, R., Champagne, C., Monlezun, C.,
Wozniak, P., and Bray, G. A. (1994). Validity and reliability
of reported dietary intake data. J. Am. Diet. Assoc. 94,
169-173.

Weber, J. L., Tinsley, A. M., Houtkooper, L. B., and Lohman,
T. G. (1997). Multimethod training increases portion-size
estimation accuracy. J. Am. Diet. Assoc. 97, 176-179.
Williamson, D. A., Allen, H. R., Martin, P. D., Alfonso,
A. J., Gerald, B., and Hunt, A. (2003). Comparison of
digital photography to weighed and visual estimation of
portion sizes. J. Am. Diet. Assoc. 103, 1139-1145.
Bolland, J. E., Ward, J. Y., and Bolland, T. W. (1990).
Improved accuracy of estimating food quantities up to 4
weeks after training. J. Am. Diet. Assoc. 90, 1402—4, 1407.
Fox, T. A., Heimendinger, J., and Block, G. (1992). Tele-
phone surveys as a method for obtaining dietary information:
areview. J. Am. Diet. Assoc. 92, 729-732.

CHAPTER 1 - Dietary Assessment Methodology

426.
427.

428.

4209.

430.

431.

432.

433.

434.

435.

436.

437.

438.

439.

440.

441.

37

Dillman, D. A. (1978). “Mail and Telephone Surveys: The
Total Design Method.” John Wiley & Sons, New York.
Marcus, A. C., and Crane, L. A. (1986). Telephone surveys
in public health research. Med. Care 24, 97-112.

Morgan, K. J., Johnson, S. R., Rizek, R. L., Reese, R., and
Stampley, G. L. (1987). Collection of food intake data: an
evaluation of methods. J. Am. Diet. Assoc. 87, 888—896.
Leighton, J., Neugut, A. I, and Block, G. (1988). A
comparison of face-to-face frequency interviews and self-
administered questionnaires. Am. J. Epidemiol. 128,
891(Abstract).

Lyu, L. C., Hankin, J. H., Liu, L. Q., Wilkens, L. R., Lee,
J. H., Goodman, M. T., and Kolonel, L. N. (1998). Tele-
phone vs face-to-face interviews for quantitative food
frequency assessment. J. Am. Diet. Assoc. 98, 44-48.
Moshfegh, A. M., Borrud, L. G., Perloff, P., and LaComb, R.
(1999). Improved method for the 24-hour dietary recall for
use in National Surveys. FASEB. J. 13, A603.

Bogle, M., Stuff, J., Davis, L., Forrester, 1., Strickland, E.,
Casey, P. H., Ryan, D., Champagne, C., McGee, B., Mellad,
K., Neal, E., Zaghloul, S., Yadrick, K., and Horton, J. (2001).
Validity of a telephone-administered 24-hour dietary recall in
telephone and non-telephone households in the rural Lower
Mississippi Delta region. J. Am. Diet. Assoc. 101, 216-222.
Brustad, M., Skeie, G., Braaten, T., Slimani, N., and Lund, E.
(2003). Comparison of telephone vs face-to-face interviews
in the assessment of dietary intake by the 24 h recall EPIC
SOFT program the Norwegian calibration study. Eur. J. Clin.
Nutr. 57, 107-113.

Posner, B. M., Borman, C. L., Morgan, J. L., Borden, W. S.,
and Ohls, J. C. (1982). The validity of a telephone-
administered 24-hour dietary recall methodology. Am. J.
Clin. Nutr. 36, 546-553.

Krantzler, N. J., Mullen, B. J., Schutz, H. G., Grivetti, L. E.,
Holden, C. A., and Meiselman, H. L. (1982). Validity of
telephoned diet recalls and records for assessment of indivi-
dual food intake. Am. J. Clin. Nutr. 36, 1234—-1242.

Gruber, L., Shadle, M., and Polich, C. (1988). From
movement to industry: the growth of HMOs. Health Aff.,
197-208.

Yanek, L. R., Moy, T. F., Raqueno, J. V., and Becker, D. M.
(2000). Comparison of the effectiveness of a telephone
24-hour dietary recall method vs an in-person method
among urban African-American women. J. Am. Diet.
Assoc. 100, 1172—-1177.

Blumberg, S. J., Luke, J. V., and Cynamon, M. L. (2006).
Telephone coverage and health survey estimates: evaluating
the need for concern about wireless substitution. Am. J.
Public Health 96, 926-931.

Matthys, C., Pynaert, 1., Roe, M., Fairweather-Tait, S. J.,
Heath, A. L., and De Henauw, S. (2004). Validity and repro-
ducibility of a computerised tool for assessing the iron,
calcium and vitamin C intake of Belgian women. Eur. J.
Clin. Nutr. 58, 1297-1305.

Balter, K. A., Balter, O., Fondell, E., and Lagerros, Y. T.
(2005). Web-based and mailed questionnaires: a comparison
of response rates and compliance. Epidemiology 16, 577-579.
Dodd, K. W., Guenther, P. M., Freedman, L. S., Subar, A. F.,
Kipnis, V., Midthune, D., Tooze, J. A., and Krebs-Smith,



38

442.

443.

444.

445.

446.

447.

448.

449.

450.

451.

452.

453.

454.

455.

456.

SECTION I - A. Assessment Methods for Research and Practice

S. M. (2006). Statistical methods for estimating usual intake
of nutrients and foods: a review of the theory. J. Am. Diet.
Assoc. 106, 1640-1650.

Carriquiry, A. L. (2003). Estimation of usual intake distribu-
tions of nutrients and foods. J. Nutr. 133, 601S—-608S.
Hartman, A. M., Brown, C. C., Palmgren, J., Pietinen, P.,
Verkasalo, M., Myer, D., and Virtamo, J. (1990). Varia-
bility in nutrient and food intakes among older middle-
aged men: implications for design of epidemiologic and
validation studies using food recording. Am. J. Epidemiol.
132, 999-1012.

Dietary reference intakes: applications in dietary planning.
(2003). Institute of Medicine, Food and Nutrition Board,
www.nap.edu/books/0309088534/html.

Nusser, S. M., Carriquiry, A. L., Dodd, K. W., and Fuller,
W. A. (1996). A semiparametric transformation approach to
estimating usual daily intake distributions. J. Am. Stat.
Assoc. 91, 1440-1449.

Guenther, P. M., Kott, P. S., and Carriquiry, A. L. (1997).
Development of an approach for estimating usual nutrient
intake distributions at the population level. J. Nutr. 127,
1106-1112.

Nusser, S. M., Fuller, W. A., and Guenther, P. M. (1997).
Estimating usual dietary intake distributions: adjusting for
measurement error and non-normality in 24-hour food
intake data. /n “Survey Measurement and Process Quality”
(L. Lyberg, P. Biemer, M. Collins, E. deLeeuw, C. Dippo,
N. Schwartz, and D. Trewin, Eds.), pp. 689-709. Wiley,
New York.

Schakel, S. F., Buzzard, I. M., and Gebhard, S. E. (1997).
Procedures for estimating nutrient values for food composi-
tion databases. J. Food Compost. Anal. 10, 102-114.
Beecher, G. R., and Matthews, R. H. (1990). Nutrient
composition of foods. In “Present Knowledge in Nutrition”
(M. L. Brown, Ed.) 6th ed., pp. 430—439. International Life
Sciences Institute, Nutrition Foundation, Washington, DC.
Interagency Board for Nutrition Monitoring and Related
Research. Third report on nutrition monitoring in the United
States (Volume 1). U.S. Government Printing Office
Washington, DC.

(1997). What are the variances of food composition data?
J. Food Compost. Anal. 10, 89.

Perloff, B. P. (1989). Analysis of dietary data. Am. J. Clin.
Nutr. 50, 1128-1132.

U.S. Department of Agriculture (2006). “Composition of
Foods Raw, Processed, Prepared. USDA National Nutrient
Database for Standard Reference, Release 19.” Beltsville,
MD.

Haytowitz, D.B., Patterson, K.Y., Pehrsson, P.R., Exler, J.,
and Holden, J.M. (2005). The National Food and Nutrient
Analysis Program: accomplishments and lessons learned.
U.S. Department of Agriculture, Beltsville, MD.

USDA nutrient data laboratory. (2007). National Agricul-
tural Library, U.S. Department of Agricultural, http://fnic.-
nal.usda.gov/nal_display/index.php?info_center=4&
tax_level=2&tax_subject=279&topic_id=1387.

The International Network of Food Data Systems
(INFOODS): International food composition tables direc-
tory. (2007). Agricultural and Consumer Protection

457.

458.

459.

460.

461.

462.

463.

464.

465.

466.

467.

468.

469.

470.

Department, Food and Agricultural Organization of the Uni-
ted Nations, www.fao.org/infoods/directory_en.stm.

2006 International nutrient databank directory. (2006). Steer-
ing Commitee of the National Nutrient databank Conference,
www.medicine.uiowa.edu/gcrc/nndc/2006%?20Internatio-
nal%20Nutrient %20Databank %20Directory.pdf.

Smith, S. A., Campbell, D. R., Elmer, P. J., Martini, M. C.,
Slavin, J. L., and Potter, J. D. (1995). The University of
Minnesota Cancer Prevention Research Unit vegetable and
fruit classification scheme (United States). Cancer Causes
Control 6, 292-302.

Cleveland, L. E., Cook, D. A., Krebs-Smith, S. M., and
Friday, J. (1997). Method for assessing food intakes in
terms of servings based on food guidance. Am. J. Clin.
Nutr. 65, 1254S-1263S.

Pyramid servings database for USDA survey food codes
version 2.0. (2007). Community Nutrition Research Group.
U.S. Department of Agricultured, www.ba.ars.usda.gov/
cnrg/services/deload.html.

Byers, T., and Gieseker, K. (1997). Issues in the design and
interpretation of studies of fatty acids and cancer in humans.
Am. J. Clin. Nutr. 66, 1541S-1547S.

Innis, S. M., Green, T. J., and Halsey, T. K. (1999). Varia-
bility in the trans fatty acid content of foods within a food
category: implications for estimation of dietary trans fatty
acid intakes. J. Am. Coll. Nutr. 18, 255-260.

Food and nutrient database. (2007). University of Minnesota,
www.ncc.umn.edu/products/database.html.

Jacobs, D. R., Jr., Elmer, P. J., Gorder, D., Hall, Y., and
Moss, D. (1985). Comparison of nutrient calculation sys-
tems. Am. J. Epidemiol. 121, 580-592.

Lee, R. D., Nieman, D. C., and Rainwater, M. (1995). Com-
parison of eight microcomputer dietary analysis programs
with the USDA Nutrient Data Base for Standard Reference.
J. Am. Diet. Assoc. 95, 858-867.

McCullough, M. L., Karanja, N. M., Lin, P. H., Obarzanek,
E., Phillips, K. M., Laws, R. L., Vollmer, W. M., O’Connor,
E. A., Champagne, C. M., and Windhauser, M. M. (1999).
Comparison of 4 nutrient databases with chemical composi-
tion data from the Dietary Approaches to Stop Hypertension
trial. DASH Collaborative Research Group. J. Am. Diet.
Assoc. 99, S45-S53.

Kristal, A. R., Shattuck, A. L., and Williams, A. E. (1992).
Current issues and concerns on the uses of food composi-
tion data: food frequency questionnaires for diet interven-
tion research. In “17th National Nutrient Databank
Conference Proceedings, June 7-10, 1992, Baltimore,
MD” pp 110-125. International Life Sciences Institute,
Washington, DC.

Buzzard, 1. M., Price, K. S., and Warren, R. A. (1991). Con-
siderations for selecting nutrient calculation software: evalua-
tion of the nutrient database. Am. J. Clin. Nutr. 54, 7-9.

The Dell Center for Healthy Living: FIAS millennium.
(2004). The University of Texas School of Public Health,
www.sph.uth.tmc.edu/DellHealthyLiving/
default.asp?id=4008.

Dwyer, J. T., Krall, E. A., and Coleman, K. A. (1987). The
problem of memory in nutritional epidemiology research.
J. Am. Diet. Assoc. 87, 1509-1512.



471.

472.

473.

474.

475.

476.

477.

478.

479.

480.

481.

482.

Smith, A. F., Jobe, J. B., and Mingay, D. J. (1991). Retrieval
from memory of dietary information. Appl. Cogn. Psychol. 5,
269-296.

Friedenreich, C. M. (1994). Improving long-term recall in
epidemiologic studies. Epidemiology 5, 1-4.

Satia, J. A., Patterson, R. E., Taylor, V. M., Cheney, C. L.,
Shiu-Thornton, S., Chitnarong, K., and Kristal, A. R. (2000).
Use of qualitative methods to study diet, acculturation, and
health in Chinese-American women. J. Am. Diet. Assoc. 100,
934-940.

Wolfe, W. S., Frongillo, E. A., and Cassano, P. A.
(2001). Evaluating brief measures of fruit and vegetable
consumption frequency and variety: cognition, interpreta-
tion, and other measurement issues. J. Am. Diet. Assoc.
101, 311-318.

Thompson, F. E., Subar, A. F., Brown, C. C., Smith, A. F.,
Sharbaugh, C. O., Jobe, J. B., Mittl, B., Gibson, J. T., and
Ziegler, R. G. (2002). Cognitive research enhances accuracy
of food frequency questionnaire reports: results of an experi-
mental validation study. J. Am. Diet. Assoc. 102, 212-225.
Chambers, E., Godwin, S. L., and Vecchio, F. A. (2000).
Cognitive strategies for reporting portion sizes using dietary
recall procedures. J. Am. Diet. Assoc. 100, 891-897.
Johnson-Kozlow, M., Matt, G. E., and Rock, C. L. (2006).
Recall strategies used by respondents to complete a food
frequency questionnaire: an exploratory study. J. Am. Diet.
Assoc. 106, 430—433.

Matt, G. E., Rock, C. L., and Johnson-Kozlow, M. (2006).
Using recall cues to improve measurement of dietary intakes
with a food frequency questionnaire in an ethnically diverse
population: an exploratory study. J. Am. Diet. Assoc. 106,
1209-1217.

Willis, G. (2005). “Cognitive Interviewing: a Tool of
Improving Questionnaire Design.”” Sage Publications, Thou-
sand Oaks, CA.

Buzzard, I. M., and Sievert, Y. A. (1994). Research priorities
and recommendations for dietary assessment methodology.
Am. J. Clin. Nutr. 59, 275s-280s.

Dietary Assessment Calibration/Validation Register, (2007).
National Cancer Institute, http://appliedresearch.cancer.gov/
cgi-bin/dacv/index.pl.

Baranowski, T., Dworkin, R., Henske, J. C., Clearman,
D. R., Dunn, J. K., Nader, P. R., and Hooks, P. C. (1986).

CHAPTER 1 - Dietary Assessment Methodology

483.

484.

485.

486.

487.

488.

489.

490.

491.

492.

39

The accuracy of children’s self-reports of diet: Family
Health Project. J. Am. Diet. Assoc. 86, 1381-1385.

Domel, S. B., Baranowski, T., Leonard, S. B., Davis, H.,
Riley, P., and Baranowski, J. (1994). Accuracy of fourth
and fifth-grade students’ food records compared with
school-lunch observations. Am. J. Clin. Nutr. 59, 218s-220s.
Bingham, S. A. (1994). The use of 24-h urine samples and
energy expenditure to validate dietary assessments. Am. J.
Clin. Nutr. 59, 227s-231s.

Samaras, K., Kelly, P. J., and Campbell, L. V. (1999). Diet-
ary underreporting is prevalent in middle-aged British
women and is not related to adiposity (percentage body
fat). Int. J. Obes. Relat. Metab. Disord. 23, 881-888.
Ajani, U. A., Willett, W. C., and Seddon, J. M. (1994).
Reproducibility of a food frequency questionnaire for use
in ocular research. Eye Disease Case-Control Study Group.
Invest. Ophthalmol. Vis. Sci. 35, 2725-2733.

Hartman, A. M., and Block, G. (1992). Dietary assessment
methods for macronutrients. /n “Macronutrients: Investigat-
ing Their Role in Cancer” (M. S. Micozzi, and T. E. Moon,
Eds.), pp. 87-124. Marcel Dekker, New York.

Thompson, F. E., Kipnis, V., Subar, A. F., Krebs-Smith,
S. M., Kahle, L. L., Midthune, D., Potischman, N., and
Schatzkin, A. (2000). Evaluation of 2 short instruments
and a food-frequency questionnaire to estimate daily num-
ber of servings of fruit and vegetables. Am. J. Clin. Nutr.
71, 1503-1510.

Rosner, B., Spiegelman, D., and Willett, W. C. (1990).
Correction of logistic regression relative risk estimates and
confidence intervals for measurement error: the case of mul-
tiple covariates measured with error. Am. J. Epidemiol. 132,
734-745.

Paeratakul, S., Popkin, B. M., Kohlmeier, L., Hertz-
Picciotto, 1., Guo, X., and Edwards, L. J. (1998). Measure-
ment error in dietary data: implications for the epidemiologic
study of the diet-disease relationship. Eur. J. Clin. Nutr. 52,
722-7217.

Plummer, M., and Clayton, D. (1993). Measurement error in
dietary assessment: an investigation using covariance struc-
ture models. Part 1. Star. Med. 12, 937-948.

Plummer, M., and Clayton, D. (1993). Measurement error in
dietary assessment: an investigation using covariance struc-
ture models. Part 1. Stat. Med. 12, 925-935.



	4_TAB  3a.pdf
	dietary_assessment_methodology
	Journal of Parenteral



