





Measuring intake of fruit and vegetables

reference period before the onset of
disease. In order to ascertain individ-
ual exposure to fruit and vegetables
and other dietary components, infor-
mation on iniake needs to be obtained.
However, accurately guantifying and
classifying an individual's exposure is
complex; measures that provide an
estimate of usual intake are designed
to minimize the effect of intra~individual
variation.

The guestionnaires used have dif-
fered widely between studies. They
vary in the length of the food list, the
number of questions, the fruits and
vegetables included, how the instru-
ment is structured, what other dietary
information is obtained, the method
used 1o address portion sizes and
guantification of the data. There is no
universally accepted questionnaire,
standard interview, database or calcu-
lation system for use in epidemiologi-
cal studies. Most FFQs or diet history
guestionnaires and interview methods
are study-specific, being tailored to
specific research gquestions and to the
population being studied. Dietary
methods are continually being refined
based on methodological research.
The many resulting variations in meth-
ods can affect estimales of dietary
intake of fruits and vegetables in epi-
demiological studies and their relation
to disease outcome.

Duting surveys with the FFQ and
diet history, individuals provide infor-
mation about intake of specific foods,
food groups, dietary practices and/or
food preparation methods. The infor-
mation may be obtained by interview,
by self~administered guestionnaire or
through a combination of these meth-
ods. The respondent may be the des-
ignated participant or a surrogate
respondent. The data obtained are
then reduced to summary measures
using defined algorithms and food and
nutrient databases.

Diet history

A diet history is information about
usual intake of the individual's whaole
diet, usually obtained by interview
(Burke, 1947). Detailed information is
collected for a specified time period on
the type, amount and frequency of
foods eaten as well as food prepara-
tion practices. Typically a food list is
used. Recipe information may be
obtained, as well as meal-by-meal
information about the time, place and
content of meals. There is often a
crosscheck feaiure to ensure complete
determination of intake and to check
for potential overreporting or double
counting by the participant. Data may
be collected in written form or directly
on a computer using a special program
(McDonald et a/., 1991).

The strength of this method is that
detailed guantified information is col-
lected about usual dietary intake for an
extended period of time. Compared
with data from the recording and recall
Mmethods described later, a diet history
covers a longer period of time and pro-
vides estimates of usual intake. It pro-
vides information on specific fruits and
vegetables and about seasonal intake,
as well as their consumption in mixed
dishes. The method is time-consuming
for the respondent and the investiga-
tors, but may be less conceptually
demanding for respondents than food
records or FFQs.

Food frequency questionnaire

Food frequency questionnaires (FFQs)
have been the most commonly used
method to assess dietary exposure in
cohort and case—control studies.
Respondents are asked fo report their
usual daily, weekly or monthly fre-
quency of consumption of each item
on a list of specific foods over a recent
period of about a year. FFQs were
developed during the 1950s and
1960s as the most cost-effective
method for large epidemiological stud-
ies. Initial versions of the FFQ were

designed only to rank individuals
according to their relative level of
dietary consumption expressed in
guantiles, and only the frequency of
food consumption was requested of
the study subjects. Such guestion-
naires are reported as non-guantitative
FFQs. During the 1980s and 1990s,
variants of the FFQ were developed to
allow its use in different study contexis
and populations and to improve the
gstimation of individual absolute
intake. Different questionnaire designs
including standard or individual portion
size estimates for all or selected items
of the food list can lead to inconsistent
reporting. These questionnairgs may
be described as "semi-guantitative" or
"guantitative” FFQs (or dietary gues-
tionnaires). Over the last 20 years,
there has been a clear methodologicat
shift in epidemiological research from
basic FFQs to more guantitative ques-
tionnaires, including the so-called
dietary history questionnaires (see
above).

The FFQ is usually self-adminis-
tered in cohort studies. Respondents
may receive the guestionnaire along
with any associated instructions and
visual aids by mail and are asked to
complete it at home and return it by
mail. They may also complete the
guestionnaire at a research study cen-
tre; in this case verbal instructions can
be provided and the questionnaire may
be reviewed and clarified before the
participant leaves the centre. In
case—control studies, an FFQ may be
administered by interviewers.

A core feature of the FFQ is usually
a closed list of foods. The length of the
list varies considerably between
studies. The items included on the list
depend on the nature of the investiga-
tion (particular foods and nutrients may
be of interest); it must be borne in mind
that a very detailed questionnaire
places a heavy demand on the respon-
dents. In cancer epidemiology, there
are hypotheses about the effects of
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Approaches to evaluating impact

of dietary assessment error

To correct for attenuation bias in mea-
sures of diet—disease associations, the
correlation coefficient py, can be esti-
mated in validation studies and, using
either equation [1] or {2], corrected rel-
ative risk estimates can be obtained
from initial, ‘crude’ estimates based on
questionnaire assessments (de Klerk
et al., 1989; Rosner ef al., 1989; Kaaks
et al, 1995). Especially within pros-
pective cohort studies, validation stud-
ies have been increasingly included as
a standard part of the overall design
(Willett et al., 1985; Colditz ef al., 1986;
Goldbohm et al, 1994, Margetis &
Pietinen, 1997; Stram ef al, 2000;
Hankin et al, 2001; Slimani et af.,
2002). Validity is estimated for mea-
surements obtained by a given ques-
tionnaire within a specific study con-
text, rather than for the method itself,
which may not perform the same way
in other contexts. It is crucial that valid-
ity studies be conducted in a represen-
tative subsample of the main study
population.

Most validation studies have been
based on a comparison with repeated
daily intake methods for a number of
days. The correlation pyr can then be
estimated by

1. calculation of a crude correlation
coefficient pg between question-
naire measurements and individu-
als’ average intake estimates from
several days of food consumption
records;

2. estimation of the residual eror
variance in the reference measure-
ments (average food consumption
records) themselves, and calcula-
tion of an attenuation coefficient by
which the estimate p, would need
to be corrected, to yield a more
unbiased estimate of pyr (Rosner
& Witlett, 1988).

The second step of this estimation
procedure should correct for residual
random error in the reference mea-
surements. In the early 1990s, this
approach of estimating pg,. was
extended, using models in which sub-
jects’ true dietary intake levels are con-
sidered a ‘latent variable’ (Plummer &
Clayton 1993a, b; Kaaks ef ai., 1994a).

The most important assumption
that underlies any type of validity study
is that different types of measurement
being compared — from question-
naires, recording methods or biomark-
ers — will be correlated exclusively
because they all measure the same
underlying latent variable (true intake).
This means that random errors must
be uncorrelated between the different
types of measurement compared
{(Plummer & Clayton 1993a, b; Kaaks
et al, 1994a, 2002). Unfortunately,
there is increasing evidence that
generally errors may not be entirely
independent between questionnaire
assessments of habitual dietary intake
and measurements obtained by a
recording method, assessing actual
food consumption on a number of
days. In particular, it has been shown
that individuals vary systematically in
their tendency to over- or underreport
dietary intakes, not only when using
the same measurement method, but
even when different questionnaire
and/or recording methods are used
(Livingstone et al., 1990; Black & Cole,
2001; Livingstone & Black, 2003).
Thus, errors that are random between
individuals may be partially systematic
within  subjects  ("subject-specific
biases") and this will result in positive
correlations between random errors in
different intake measurements from
the same individual. A positive correla-
tion between random errors of ques-
tionnaire measurements and the refer-
ence measurements used tends to

cause overestimation of par. On the
other hand, a positive correlation
between random errors of replicate
dietary intake records, as the refer-
ence, can lead to incomplete adjust-
ment for attenuation bias in estimates
of pgr- In practice, it is difficult to pre-
dict the balance between the two pos-
sible and opposite biases in estimating
Par (Kipnis et al, 2001; Kaaks et al.,
2002). This problem of correlated mea-
surement errors can only be partially, if
at all, overcome by the use of available
biomarkers, depending on the type of
nuirient of food group considered
(Plummer & Clayton, 1993a,b; Kaaks
et al., 1994a, 2002; Kipnis et al., 2001).

Estimated validity of measured
fruit and vegetable consumption
Table 8 shows the estimated correla-
tion por for total fruit and total
vegetable intake, from a number of
validity studies. Correlation coefficients
were within a range of about 0.30 to
0.76, and were generally estimated
with rather wide confidence intervals,
due to the limited size of studies (gen-
erally 50-150 subjects). From equa-
tion [2], it can be estimated that, with a
correlation of pgr = 0.30 and a true rel-
ative risk of 3.0 between highest and
lowest exposure categories (e.g., quin-
tiles of the intake distribution), the
observed relative risk would be as low
as 1.10. For a correlation of pyr = 0.7,
the estimated relative risk would be
less attenuated but still only 1.7. Thus,
as illustrated by this numerical exam-
ple, there will generally be consider-
able attenuation bias in relative risk
estimates for quantile categories of
intake and this may lead to substantial
loss of statistical power to detect a real
association.











