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1. Overview

Food frequency questionnaires (FFQs) are commonly
used to ascertain individuals' "usual" eating patterns.
Respondents are asked to report the frequency with which
they consume various food items and dietary
supplements, based on the previous year's eating
behavior. Intake of various micro- and macro-nutrients
(e.g., Vitamin E, fat) are estimated based on a tabulation
of the food frequencies. These nutrients are used to
examine nutrient-disease (or other outcome)
relationships. Responses to an FFQ typically reflect more
intake than is actually consumed, but that bias may be
differential: It has been suggested that misreporting may
vary by type of person and type of food, for example,
obese people may overreport fruit and vegetable intake
and underreport fat intake.

We wished to investigate the applicability of these
assertions to an elderly population and the impact that
such hypothesized misreporting might have on the
conclusions drawn from the data. In the present work,
we used simulated data to examine the effect that such
misreporting might have for two specific data-analytic
models used to characterize the association between
nutrient intake and physical activity and ability. Future
directions include using the results of a calibration study
that is currently in progress to look for possible evidence
of misreporting, examining other possible misreporting
mechanisms, generalizing the results based on the
distributional properties of the predictor variables, and
looking at methods of adjusting for the misreporting at
the level of the question, based on an understanding of
the cognitive mechanisms underlying the errors (versus
adjusting the regression estimates post hoc, for example).

2. The Chicago Health and Aging Project

2.1 The General Study

The Chicago Health and Aging Project (CHAP) is a
community-based prospective longitudinal cohort study
of persons 65 and older in three neighborhoods on the
south side of Chicago. The participants are racially and
economically diverse, providing a reasonably
representative urban population. The focus of CHAP is
common health problems of the elderly, particularly
prevalence and incidence of Alzheimer's disease and risk
factors associated with it. For the initial data collection
period (first wave), the CHAP staff conducted a door-to-
door census to develop a frame of persons 65 and older;
this was followed by a baseline interview of all such
persons (N=6162) and then a stratified random sample of
baseline participants for further clinical evaluation,
including a structured uniform clinical evaluation to
determine whether or not the participant was likely to
have Alzheimer's disease. Coverage and response rates
to the survey were quite high, with less than 1% estimated
undercoverage in the census and over 80% response rate
for the baseline interview. The plan is for the full
population interview to be repeated every 3 years, with
each wave having additional sample drawn for detailed
clinical evaluation, in addition to having people "age
into" the study. (See Wilson et al., 1999, for a further
description of the study.)

2.2 The Nutrition Component

In addition to the main CHAP study, a nutritional
component was added to investigate dietary risk factors
in chronic health problems common among older persons.

Dietary information was collected via a modified Willett
Semi-Quantitative Food Frequency Questionnaire (FFQ;
Willett et al., 1985; Willett, 1998). The mode of
administration was mail-out/mail-back, with telephone
and interviewer follow-up. When necessary, field
personnel administered the FFQ as an interview by
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reading the questions directly from the questionnaire.

All participants in the main CHAP baseline full-
population interview were invited to participate in this
additional study. FFQs were obtained from 94% of
surviving respondents. (A separate calibration study is
currently ongoing, which will be comparing the FFQ data
to an average of six 24-hour dietary recalls, as well as to
levels of some nutrients estimated from blood samples.)
FFQs will be administered in conjunction with future
waves of the CHAP full-population interview.

In this paper, we used data from the initial wave of
full-population data collection as the basis for our
simulations. FFQs lacking sufficient data to analyze (e.g.,
more than half of the food questions missing) were
excluded from analysis, resulting in a total of 5017
respondents as of this writing (a few more questionnaires
are still in the field). Tables 1 and 2 show the breakdown
of these participants with respect to age, race, and
education, where these variables were known. (Nearly all
nonblacks were white.)

Table 1. Race & Age of Baseline Participants in
Nutrition Component of CHAP
Age
65-69 70-79 | 80+
Nonblacks 463 972 332
Blacks 1119 1470 | 461

Table 2. Education of Baseline Participants in Nutrition
Component of CHAP

Formal
Education
Grade School 865
High School 2294
College + 1840

3. The Food Frequency Questionnaire

The Willett questionnaire was modified for use with
this population; in particular, the questions were typeset
into a larger and easier-to-read format; portion sizes were
made non-quantitative (e.g., "1", "one slice"); shorter
response options were listed directly below each item (vs.
the grid pattern of the original questionnaire); certain
whole dishes (e.g., macaroni and cheese) were included;
and one local ethnic food item was added based on pilot
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testing (Morris, Colditz, & Evans, 1998).

Questions are grouped by food type into seven different
categories (Beverages, Dairy, Main Dishes, Bread/Cereal,
Fruits/Vegetables, Snacks, Misc. (e.g., condiments)), for
a total of 121 substantive questions as well as questions
about vitamin supplement use, frequency of eating out,
and other administrative questions. Respondents are
asked to report their frequency of consuming each food
item over the past year, such as:

Cheeseburger (1)

Never/less than 1 per month
1 -3 per month

One per week

2 - 4 per week

5 or more per week

o]

O 0 0O

The number of response choices varies by food item.
Based on the responses and assumed or specified
portion sizes, nutrient intake is computed using a program
developed by staff at the Harvard School of Public
Health, where the original questionnaire was developed.
Over eighty macro- (e.g., fat, protein) and micronutrient
(e.g., vitamin B12) values are derived, including
measurement of various nutrients including or excluding
reported vitamin and mineral supplement intake.

4. Impact of Possible Differential Misreporting

4.1 Hypotheses Examined

In general, misreporting food intake on the FFQ could
be caused by one or more of the following: lack of
understanding of the questions or the food items
mentioned; lack of access to the information in memory,
either because it was not stored in the first place (e.g.,
because eating was seen as a mundane behavior, see
Schwarz & Hippler, 1987) or because it cannot be
retrieved; an error in determining the frequency with
which a given food was eaten with respect to the
reference period (for example, due to telescoping; e.g.,
see Sudman & Bradburn, 1974); and various cognitive
mechanisms that might lead a respondent to misreport in
particular ways. These latter are described in more detail
in the Discussion. (See Strube, 1987, for an overview of
the memory processes in answering survey questions, and
Groves, 1989, for further discussion.)

In the present investigation, we focused on a particular
type of misreporting. Previous research has suggested
that people who are obese may misreport their intake; in
particular, they may underreport their intake of fatty
foods (e.g., Lichtman et al., 1992; Heitman & Lessner,



1995) and possibly overreport their fruit and vegetable
intake. If true, one can postulate several mechanisms that
might lead to this. For example, overweight people have
been shown to be more tuned in to external cues when
eating (Rodin, 1976; Rodin, 1980; Rodin, Slochower, &
Fleming, 1977); it is possible this might inhibit them from
forming clear memories about the frequency of their
intake of different foods and thus lead them to misreport
in ways they believe to represent “correct” eating. Note
that to truly test for misreporting, one would need a “gold
standard” measure of some sort; simply showing that
obese people reported low frequencies of eating fatty
foods compared to non-obese people, for example, would
not “prove” anything: They may in truth have been
eating less fat over the reference period. In the absence
of that, we focused on a sensitivity-type approach,
examining the impact of potential misreporting on
analysis. To summarize the two specific hypotheses:
(a) Obese people will underreport their intake of fat by
underreporting their intake of foods high in fat); and
Obese people will overreport their intake of fruits
and vegetables.

(Assumed here is that non-obese people will not show
any differential misreporting.)

(®)

4.2 Method and Definitions

To examine the impact of the hypothesized
misreporting, it was necessary to create data with
particular reporting patterns. For the purposes of this
initial research, we restricted ourselves to women from
the baseline group discussed previously. Because the
focus of the paper was on cognitive-based reporting
errors, we excluded people with evidence of possible
cognitive impairment, as evidenced by having a score on
the Mini Mental State Examination (Folstein, Folstein, &
McHugh, 1975) at or below 23. This yielded 2419
women who provided the basis for the simulations.

There are many definitions of "obese;" we used a
common one based on the body mass index (BMI;
Quetelet, 1869): obese if Wt,, / Ht,> > 30. We then
simulated data that would represent an "adjustment back"
for the different theorized error patterns and examined the
impact of the different imputations on the model-fitting
results.

Specifically, there were 32 food items listed in the
section labeled "Fruits &Vegetables." Although some
vegetables or fruits might be consumed in other foods
(such as tomato sauce in lasagna), using only the 32
primary questions seemed a very reasonable approach to
"adjust back for" possible overreporting of fruits and
vegetables. For fatty foods, we considered the nine foods
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with the highest fat content: butter, margarine, cream
cheese, whipped cream, potato chips, corn chips, peanuts,
hot dogs, and salami, bologna or similar meat
sandwiches; these foods had substantially higher fat
content than other foods on the questionnaire.

To construct the simulated data sets, within the "obese"
group, we either set all the responses for either category
to the extreme value that would represent "adjusting
back” the possible reporting error (e.g., by setting all the
fruit and vegetable responses to "Never/less than once a
year" or similar) or by choosing half of the people
randomly and then randomly adjusting half of their values
by 2 levels if possible. The exact adjustment depended
on the number of choices for the question. For example,
if there were 5 choices (1-5) for a fruit question and the
response were a "4," an adjustment "down" would be
setting that response to a "2." If the response were a "2,"
the adjustment would be to a "1," which is the lowest
possible value. Ten iterations were performed for each of
the random-sample-based simulations and the results
averaged; the variance among the estimates was
extremely low, justifying the use of such a small number
of iterations.

4.3 Results

We first examined whether or not there appeared to be
evidence of differential reporting for women with low
BMI versus those with high BMI. Because one of the two
parts of the hypothesis was that being obese would lead
to differential underreporting of fat intake, we first
examined the reported percent calories from fat. The first
two columns of Table 3 show the number of women
broken down by BMI grouping and reported percent
calories from fat (x?, = 2.371, p = 0.306). Without a
“gold standard,” there is no way to ascertain whether or
not there is differential misreporting.

Table 3. Percent Calories from Fat

% cal. BMI BMI
from 0-30 30+
fat

Actual Actual | fruitveg! | fat?!
s 20% 59 26 3 0
20- 668 289 113 0
30%
30% + 838 314 513 629

Next, to demonstrate the impact of the hypothesized
reporting errors, we computed the percent calories from



fat for two of the extreme simulated data sets. The third
column in Table 3 shows the tabulation of women with
high BMI whose data were "adjusted back" to report the
absolute minimum intake of fruits and vegetables. The
fourth column shows the simulation wherein the nine
fatty foods were "adjusted back" to the maxiumum
possible frequency. As expected, this last column shows
everyone with high BMI in the high-fat-intake cell;
similar shifting can be seen for the fruit/vegetable
simulation, because the dietary composition has changed.
To assess the impact of possible misreporting on the
conclusions drawn from an analytic model, we considered
two reasonable models of interest:
® logit(any activity) = f(saturated fat, physical
function, age, race, education), where "any activity"
was a binary variable coded "1" if the person
reported engaging in any of a number of
recreational physical activities such as walking or
dancing; physical function was based on the Nagi
scale (Nagi, 1976), a measure of five basic motor
skills (e.g., bending, pushing or pulling a large
object) -- the variable was the number of items a
person reported being able to do; race was a binary
variable (black/non-black); education was years of
education.

Physical Function = f(carbohydrates, age, race),
where physical function was again measured by the
Nagi. This was fit using ordinary least squares.

Both saturated fat and carbohydrates were adjusted for
overall energy intake ("calorie-adjusted") based on the
regression approach described in Willett (1998), which
yields a purer estimate of intake that reflects dietary
composition (versus absolute intake). It is important to
do this adjustment with FFQs, because respondents
generally overreport intake with this type of measure.
Physical function and education were included as
additional covariates in the logistic regression model,
because: (1) Engaging in physical activity would depend
on one's level of functioning, and (2) Choosing to engage
in physical activity if one is able may be affected by
education. (Remember, sex is not included because the
dataset includes only women.)

The results are presented in Table 4. The rows are
either the estimated odds ratio for saturated fat for the
first model or the p-value associated with the
carbohydrate term for the second model; both of these are
easier to interpret than the raw coefficients. The data
columns are defined as follows:

(1): The actual data as reported;
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2):
@3):

The data based on imputing the obese women to
have minimal fruit/vegetable intake;

The data based on the average of the ten random-
sample-based simulations, changing
fruit/vegetable questions only;

The data based on imputing the obese women to
have maximal intake of the nine fatty foods (but
not adjusting their fruit/veg. intake);

The data based on the average of the ten random-
sample-based simulations, changing the nine fatty
food questions only; and

The combination of (2) and (4): Setting the
intake of all fruits/vegetables to minimum and all
of the nine fatty foods intake to maximum.

“):

(5

(6):

Table 4. Results from Sample Analyses

ORRORECORNNC)
96 | 95 | 96 | .97

)
.90

(6)
.98

OR
for
sat.
fat.

.89 | .03 81 .02 72 .02

p
for

carb.

As can be seen, the extreme imputations, representing
maximal misreporting (columns 2, 4, and 6) have a strong
impact for the ordinary least squares regression model but
minimal impact for the logistic regression model. The
more realistic simulated data (columns 3 and 5) do not
appear to change the conclusions much, as compared to
the actual data. That is, if half the high BMI respondents
were misreporting half their fruit and vegetable or fatty
food intake, and the data were “adjusted back,” the
conclusions would not change (for this example).

5. Discussion

Three hypotheses can be advanced regarding the
cognitive basis for the possible misreporting mechanism
examined in this paper: impression management, demand
characteristics of the experimental setting, and lack of
attention to food in general leading to a lack of stored
information about one's eating habits. In the case of the
latter, one might not expect differential misreporting, but
either simply random errors or perhaps mostly uniform
under- or overreporting relative to someone of normal
weight. Clearly these mechanisms could be connected:
For example, if one has minimal access to true
information but is focused on impression management,



the responses would reflect one’s beliefs about “good
eating” and possibly have differential errors.

Various writers, beginning with Bingham and Moore
(1959) have discussed the interview as a type of social
interaction, a “conversation with a purpose” (e.g., see
also Sudman & Bradburn, 1982). The implications of this
are that both the norms of a social interaction and those of
an experimental setting may apply to a given interviewing
situation. Thus, a respondent may respond in ways that
enhance his or her self-presentation (impression
management) and/or in ways that meet the needs of the
interviewer as perceived by the respondent (demand
characteristics).  (For further discussion of self-
presentation issues, see Fiske & Taylor, 1991; Snyder,
1987; Baumeister, 1986).

Regarding both impression management and demand
characteristics, one of the limitations of the foregoing
(aside from being a limited empirical study) is that the
differential misreporting discussed assumes the
respondent has some understanding of the nutritional or
fruit/vegetable content of the foods listed on the FFQ. In
the case of fruits and vegetables, this assumption seems
amply justified; if nothing else, the questions we
considered were in a section labeled "Fruits &
Vegetables." However, in the case of the possible
misreporting of one's intake of fatty foods, it is certainly
quite possible respondents might not know exactly how
high in fat were the foods we considered. The reason for
choosing such a short list (nine) of high-fat foods was to
keep the fat content extremely high relative to the other
foods in the FFQ); that way, we hoped that even though a
respondent might not know the exact fat content, they
might know these foods were considered "high." For
impression management to operate, respondents must
have some knowledge of the "value" of different foods
(e.g., that hot dogs are high in fat, and they do not wish,
consciously or unconsciously, to be seen as someone who
eats foods high in fat). And, if demand characteristics are
even partly operable here, respondents must have a sense
of what the researcher wants from them, which might also
entail knowing the nutritional value of the foods.

Thus, if there is differential reporting by level of BMI,
say, the observed effect of it might be mediated by the
level of knowledge of the respondent, as well as by
his/her need for impression management or need to meet
the demands of the research setting. For example, it
would be interesting to examine some of these potentially
competing cognitive mechanisms in conjunction with a
measure of public self-consciousness (Fenigstein,
Scheier, & Buss, 1975; Carver & Scheier, 1981) and a
measure of nutrition knowledge (administered after the
FFQ, needless to say!). Finally, because the questions on
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the FFQ require the respondent to choose a frequency of
eating the food from among a given set of categories, one
could further explore the interaction between the response
alternatives and self-consciousness (Schwarz & Bienias,
1990).

The approach to measurement errors due to
misreporting of food intake taken in this paper differs
considerably from the more common model-based
approaches (e.g., Willett, 1998, Ch. 12; Rosner,
Spiegelman, & Willett, 1990; Freedman, Carroll, & Wax,
1991; see also Biemer et al., 1991). These approaches
use the estimated relation between the primary nutrient
estimate (e.g., from an FFQ) and a "better" measure (e.g.,
from a blood sample) to produce a factor that is used to
adjust the odds ratios or other model estimates. Such
models can be made more complex to incorporate
systematic misreporting (e.g., Prentice, 1996). The
current paper seeks not to adjust the final model but to
examine the mechanism underlying errors. (See Groves,
1999, for another very recent treatment outlining similar
goals.) Ideally, if we could predict with accuracy the
types of errors people make, we could adjust the data at
the item level, which would be the most general type of
adjustment we could make.
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