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Abstract

Objective: To develop and validate a new dietary assessment tool, the focused recall,
and to use this to measure co-consumption of carotenoid-containing fruits and
vegetables with savory snacks.

Design: Participants completed a telephone-administered focused recall and a
24-hour recall on the same day. We compared mean estimates of fruit, vegetable,
savory snack and carotenoid consumption from both instruments. We also assessed
the ability of each method to measure co-consumption of carotenoids with full-fat,
reduced/non-fat and olestra-containing savory snacks.

Setting and subjects: Data are from 245 male and 244 female adult participants in the
Olestra Post-Marketing Surveillance Study (OPMSS).

Results: The mean (+ SD) intake of fruit was 1.8 (1.1) servings day™ from the focused
recall and 1.6 (1.4) servingsday™ from the 24-hour recall (r=0.56). The mean
vegetable intake was 2.1 (1.3) and 2.2 (1.7) servingsday ™ (r=0.42), respectively,
from each instrument. Estimates of total carotenoid and 3-carotene intake were within
5% of each other (r=0.63 for total carotenoids and r=0.70 for §-carotene). Both
instruments estimated that approximately 14% of total daily carotenoids were co-
consumed with savory snacks (r=0.63).

Conclusions: The focused recall provides valid information about fruit, vegetable and
savory snack consumption and allows researchers to examine associated eating
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patterns more easily.

Measuring dietary intake of fruits and vegetables is an
important aspect of public health research. Fruits and
vegetables have been consistently associated with
decreased risk of many diseases, including cancers of the
colon and lung'™ and cardiovascular disease*. The most
common method for assessing usual fruit and vegetable
intake in epidemiological studies is based on a food
frequency-type approach’. Study participants report their
usual frequency of consuming fruit juices, potatoes,
salads, fruits and vegetables, and these are then summed
to yield an estimate of total servings per day. While this
approach gives information on dietary exposure over a
defined period of time, there are limitations to the types
of data obtained from food frequency questionnaires.
For example, there are no data on either meal patterns
involving fruits and vegetables, consumption of mixed
dishes that contain substantial amounts of fruits and
vegetables, or food preparation methods. This type of
information can be very important for aetiological studies
of diet and disease, for designing intervention strategies to
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increase consumption of fruits and vegetables, and for
evaluation of dietary interventions to increase consump-
tion of fruits and Vegetables6. Other limitations of food
frequency questionnaires include the restrictions imposed
by a fixed list of foods and the cognitive challenge of
reporting foods consumed over a broad timeframe, such
as the past 3 months. Twenty-four-hour dietary recalls
can provide this information, but for many reasons they
are not optimally designed to do so. First, 24-hour recalls
collect far more information than is needed to measure
fruit and vegetable intake, and thus a very high price is
paid to collect extra data that may not be useful for a study.
Second, dietary recalls rely on participant memory for
foods eaten and for quantification of portion size. Small
portions of vegetables eaten as part of mixed dishes such
as soups or casseroles are not likely to be reported unless
the interviewer engages in lengthy and detailed probing,
which could be burdensome to both study staff and
participants. Finally, most researchers use computer
software to both collect and analyse 24-hour recalls, and
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it is extremely difficult to manipulate data files from these
systems to extract details on preparation methods, meal
patterns or even simply numbers of servings of fruits and
vegetables. These problems motivated our development
of a ‘focused recall’ to measure fruit and vegetable intake.
Cognitively, this approach combines the short-term recall
used in a 24-hour recall with some simple categorization
of responses used in food frequency-type instruments.
The data obtained yield very detailed information that is
focused on a specific group of foods eaten during the
previous day. In the application described here, the target
foods are fruits and vegetables, however the method may
be generalized to measure intake of any specific class of
foods.

This report describes the development, analysis and
validity of a focused recall used in the OPMSS, a large,
population-based investigation designed to assess olestra
intake and its association with serum concentrations of fat-
soluble vitamins and carotenoids’. Olestra is a Food and
Drug Administration (FDA) approved energy-free, non-
absorbable fat substitute available only in savory snacks
(potato and tortilla chips, extruded snacks and crackers)®.
When consumed with carotenoid-containing foods, olestra
can sequester carotenoids and reduce their absorption® ™.
It was therefore necessary to develop a detailed measure
of fruits and vegetables, because they are the primary
source of dietary carotenoids, along with the extent to
which carotenoids are co-consumed with olestra-contain-
ing snacks that could affect their absorption. Here we give
results from a validity substudy on the performance of the
focused recall in comparison with a criterion measure, a
complete 24-hour dietary recall. We also give the propor-
tion of total carotenoids consumed with savory snacks (i.e.
‘at-risk’ carotenoids). Finally, we estimate the potential for
olestra to reduce serum carotenoid levels in the popula-
tion based on the degree of co-consumption that we
observed.

Methods

Study sample and design

Details of the OPMSS design are already published”'?. For
this substudy, participants were a randomly selected age-
and sex-stratified sample of 500 adult OPMSS participants
from the sentinel study site in Indianapolis. Data for this
report are from 245 male and 244 female participants who
completed unannounced telephone interviews between
June and September 1997, after olestra-containing snacks
were introduced in Indianapolis. The dietary assessment
instruments used in these analyses are described below.

Focused recall

The focused recall questionnaire was divided into six
sections that corresponded to typical food consumption
occasions. For each period during the day (breakfast, mid-
morning, lunch, afternoon, dinner, evening) interviewers
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asked participants whether they had eaten a fruit,
vegetable or any of five categories of savory snacks
(potato chips, tortilla/corn chips, extruded snacks such as
cheese curls, crackers and pretzels). If a participant
reported eating a savory snack, interviewers probed for
portion size and fat classification (regular fat, reduced/
non-fat or olestra-containing). If a participant consumed
juice or fruit, the interviewer recorded the type on a list of
21 carotenoid-containing fruits (e.g. grapefruit, canta-
loupe) or recorded ‘other fruit’. For mixed fruit dishes,
interviewers recorded up to five different fruits, and we
used the corresponding fraction of each fruit in the mix for
analysis. If a participant ate a vegetable or mixed dish
containing a vegetable, the interviewer recorded the type
on a list of 27 carotenoid-containing vegetables (e.g.
carrots, spinach) and 14 mixed foods (e.g. pizza), or
recorded ‘other vegetable’. For lunch and dinner, inter-
viewers probed for more detailed information on the use
of tomato products (e.g. ketchup, salsa, tomato sauce) and
vegetables in mixed dishes (e.g. soups, casseroles). For
nutrient analysis, we assigned medium portion sizes' to
fruits, vegetables and mixed foods, and fractional portion
sizes to vegetables consumed primarily as condiments
such as onions and green peppers. We applied the
carotenoid values from the United States Department of
Agriculture—National Cancer Institute (USDA-NCI) carote-
noid database for foods to each portion consumed'. No
carotenoid values were assigned to ‘other fruits’ or ‘other
vegetables’. Analysis yielded number of fruit, vegetable
and savory snack servings and micrograms of total and
individual carotenoids per eating occasion, and these
values were summed to obtain total daily intake of fruits,
vegetables, savory snacks and carotenoids.

Twenty-four-bour dietary recalls

After completion of the focused recall and a larder
inventory questionnaire, we administered the 24-hour
recalls. We administered the focused recall first because the
detailed probing of the 24-hour recall would have biased
our ability to measure the validity of the focused recall.
Trained interviewers conducted the 24-hour dietary recalls
using the Nutrition Data System (version 2.9, Nutrition
Coordinating Center, University of Minnesota, Minneapo-
lis). Interviewers used a standardized script for data
collection, which included probes for frequently forgotten
foods such as beverages, snacks and condiments.

Fruit and vegetable consumption from the 24-hour
recall was calculated using an automated food grouping
system previously developed for cancer prevention
studies®. Fruits included fresh, canned, frozen and dried
fruit and 100% fruit juice. A medium serving of fruit
was defined as: 80z of juice, one medium piece of fruit
or its equivalent in grams, 0.5 cup of cut fruit pieces or
0.25 cup of dried fruit. The vegetable group contained
juice, fresh, canned, frozen and dried vegetables. A
serving of vegetables was defined as: 8oz of vegetable
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juice, 0.5 cup cooked, 1 cup raw, 2 cups raw leafy or one
medium (e.g. tomato, potato) vegetable. We included
fruits and vegetables consumed as part of mixed dishes. For
example, we counted vegetables in stew, tomatoes on
sandwiches, tomato sauce on pasta and peaches in peach
pie. Foods with extremely high fat or sugar content such as
fruit drinks, French fries, Poptarts®, jams and jellies were
excluded. Computer algorithms converted the portion
sizes of each fruit and vegetable into servings and summed
servings of each by meal type (breakfast, lunch, dinner
and snacks). A parallel system was used for measuring
savory snack consumption from 24-hour recall data. This
system tabulated intakes of five categories of snacks
(potato chips, tortilla/corn chips, extruded products,
crackers and pretzels), with three fat classifications
(regular fat, reduced/non-fat and olestra-containing) and
defined a medium serving size as 2 oz.

Lastly, computer algorithms tabulated the extent to which
carotenoids were consumed at the same time as olestra-
containing snacks. Based on experimental research'™!!,
we defined co-consumption as consumption of a carote-
noid-containing fruit or vegetable within 2 hours (either
before or after) of eating an olestra-containing savory
snack.

Statistical analysis

We measured agreement between the focused recall and
the 24-hour recall by comparing the proportion of par-
ticipants who reported consumption of fruits, vegetables
and savory snacks at each eating occasion from each
assessment instrument. For statistical analysis, we log-
transformed servings of fruits, vegetables, savory snacks
and micrograms of carotenoids to approximate normality,
but we present geometric means calculated as the antilog
of the mean of the log-transformed nutrient estimates for
ease of interpretation. We assessed bias by comparing the
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mean servings of fruits, vegetables and savory snacks,
and mean carotenoid intake estimates from the focused
recall with the 24-hour recall. We used Spearman corre-
lation coefficients to assess precision of intake estimates
from the focused recall compared to the 24-hour recall. We
assessed the ability of the instruments to assess co-
consumption of olestra and carotenoids by comparing
the proportion of the day’s total carotenoids that were
eaten with each type of savory snack from each dietary
assessment method. All statistical analyses were performed
with SAS (version 6.12; SAS Institute Inc., Cary, NC).

Results

The mean age of study participants was 41.6 years, 80.6%
were Caucasian, 16.8% were African-American and 2.7%
were other minorities. Participants were well educated,
62.2% had at least some college education. The mean
length of time to complete the focused recall was 6 min
while it was 25 min for the 24-hour recall.

In general, there was good agreement between the
focused recall and the 24-hour recall on whether or not
fruits, vegetables and savory snacks were consumed at
each eating occasion (Table 1). However, compared to the
24-hour recall, the focused recall captured fewer instances
of vegetable consumption at each eating occasion. The
consumption of savory snacks with a fruit or vegetable
was rare. At lunch and between meals, 6-11% of
participants reported co-consuming a fruit or vegetable
with a savory snack on the focused recall compared with
about 12% on the 24-hour recall.

Table 2 gives servings of fruits, vegetables and savory
snacks per day as assessed from the focused recall and the
24-hour recall. Estimates of servings of fruits, vegetables
and savory snacks were similar for both instruments. The
correlations between instruments were approximately 0.6

Table 1 Per cent of participants reporting consumption of fruits, vegetables and savory snacks on a focused dietary recall (FR) and a 24-hour

dietary recall (24-H) administered on the same day (n=489)

Breakfast* Lunch Dinner Snacks
FR 24-H Agreet FR 24-H Agreet FR 24-H Agreet FR 24-H Agreet

Meal type 704 738 900 843 847 943 935 914 943 704 863 795
Food consumption

Fruit and vegetables 419 444 869 654 691 885 795 822 863 282 337 785
Fruits 407 419 881 207 247 865 209 239 851 245 251 826
Vegetables 27 45 961 585 634 881 76.1 793 853 6.3 149 877
Any savory snackst - 1.0 990 159 178 941 104 98 941 211 231 914
Regular fat snacks - 1.0 99.0 94 98 959 63 53 961 123 125 953
Reduced and non-fat snacks§ - 0.0 100.0 65 7.8 931 41 43 965 98 11.0 947
Co-consumption

Savory snack with fruit or vegetablet - 0.4 - 10.8 129 939 88 82 945 6.3 11.7 90.6
Regular fat snack with fruit or vegetable - 0.4 - 59 6.5 965 49 41  96.7 35 55 939
Reduced/non-fat snack with fruit or vegetable  — 0.0 - 49 6.1 947 39 39 963 31 6.1 965

* Participants were not asked about savory snack consumption at breakfast.
1 Per cent of sample in agreement (yes/yes or no/no).

1 There were only nine occasions of eating savory snacks made with olestra, only one of which occurred in the presence of a fruit or vegetable.
§Includes all types of reduced fat and non-fat snacks including olestra-containing snacks.
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Table 2 Consumption of fruits, vegetables, savory snacks and carotenoids estimated from a focused dietary recall and a

24-hour dietary recall administered on the same day (n=489)

Focused recall

24-hour recall

Mean* (SD) Mean* (SD)
Participants among Participants among Correlation

consuming (%) consumers consuming (%) consumers coefficientt
Food (servings day )
Fruit and vegetables 96.1 3.2 (2.0) 98.2 3.3 (2.5) 0.56
Fruits 65.4 1.8 (1.1) 69.5 1.6 (1.4) 0.56
Vegetables 90.8 21 (1.3) 95.3 22(1.7) 0.42
All savory snackst 415 1.2 (1.0) 44 .4 1.3 (1.0) 0.59
Regular fat snacks 252 1.2 (0.9) 26.4 1.3(1.0) 0.52
Reduced/non-fat snacks 18.8 1.0 (0.9) 21.9 0.9 (0.8) 0.49
Carotenoids (g day™)
Total carotenoids§ 94.4 7531 (9777) 96.3 7195 (9905) 0.63
B-carotene 94.4 1132 (1593) 96.1 1141 (1760) 0.70
Lycopene 71.8 6804 (8568) 73.4 5284 (6641) 0.67
Lutein/zeaxanthin 89.6 677 (494) 93.5 871 (1380) 0.70

* Geometric means.
1 Spearman correlation coefficients (all P<0.001).

1 There were only nine occasions of eating savory snacks made with olestra, only one of which occurred in the presence of carotenoids.
§ a-carotene and g-cryptoxanthin were not included in individual carotenoid assessment.

for total fruit and vegetables, fruits and all savory snacks,
and was about 0.4 for vegetables. Estimates of carotenoid
intakes were similar from the two instruments; total
carotenoids and f-carotene were within 5% of each
other, while lycopene was about 22% higher and lutein/
zeaxanthin was about 22% lower from the focused recall.
The correlation between instruments was 0.6 for total
carotenoids and 0.7 for the individual carotenoids.

Table 3 gives data comparing the proportion of caro-
tenoids consumed at the same meal as savory snacks from
the focused recall and the 24-hour recall. The instruments
yielded similar results, indicating that on any one day,
13—14% of carotenoids were consumed at the same meal
as a savory snack. These records contained only nine
occasions of eating olestra-containing savory snacks and
only one instance of olestra consumption in the presence
of carotenoids. Therefore, we combined all reduced fat,
non-fat and olestra-containing snacks for analysis. Only

5-6% of carotenoids were co-consumed with any type of
fat-modified snack. There was good agreement between
the instruments on the percentages of carotenoids eaten in
the presence of all savory snacks (r=0.6), regular fat
snacks (r=0.6) and reduced/fat-free snacks (r=0.5).

Discussion

This study demonstrates the utility of a simple, brief
instrument in providing valid estimates of fruit, vegetable,
carotenoid and savory snack consumption and eating
pattern information (i.e. co-consumption). Reports of the
previous day’s intake of fruit and savory snacks were
similar when assessed by either the standard 24-hour
dietary recall or the focused recall. However, the propor-
tion of participants reporting vegetable consumption was
slightly higher from the 24-hour recall compared to the
focused recall. This finding probably resulted because the

Table 3 Per cent of dietary carotenoids co-consumed with savory snacks* estimated from a focused recall and a 24-hour dietary recall

administered on the same day (n=489)

Focused recall

24-hour recall

Participants Carotenoids Participants Carotenoids
co-consumingt co-consumedt co-consumingt co-consumedt Correlation
(%) (%) (%) (%) coefficient§
Per cent of total carotenoids 23.9 13.8 27.6 13.5 0.63
consumed at same meal as a
savory snack
Per cent of total carotenoids 13.3 8.8 14.3 71 0.60
consumed at same occasion as
regular fat snack
Per cent of total carotenoids 11.7 5.2 14.5 6.3 0.55

consumed at same occcasion as
reduced/non-fat snack

*There were only nine occasions of eating savory snacks made with olestra, only one of which occurred in the presence of carotenoids.
1 Per cent of participants that consume any carotenoids in the presence of a savory snack on a single day.

1 Per cent of carotenoids consumed at the same eating occasion as a savory snack on a single day.

§ Spearman correlation coefficients between the two estimates of per cent of carotenoids co-consumed (all P<0.001).
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food grouping algorithms applied to the 24-hour recalls
capture minute quantities of vegetables in mixed dishes
(e.g. onions, celery), while participants are likely to
report only substantial quantities of vegetables (e.g.
vegetables in stew). Despite this bias in the estimates of
vegetable servings from the focused recall, the estimates of
carotenoid intakes were comparable between the two
instruments (=0.6—0.7). This level of precision is similar
to or better than results from other dietary assessment
validity studies!'®. Advantages of the focused recall are
that it can be completed in 5-7 min by staff with minimal
training, requires no special coding prior to data analysis
and provides good estimates of intake of the foods,
nutrients and dietary patterns of interest.

Of particular interest to the OPMSS is that our results
indicate that about 14% of carotenoids were co-consumed
with savory snacks on any one day. The potential for
olestra to decrease absorption of carotenoids depends on
the proportion of co-consumed snacks that are made with
olestra. According to Information Resources Inc. (Chicago,
IL), olestra-containing snacks comprise about 6% of the
current total market share of savory snacks. Thus, less than
1% of carotenoids should be at risk of impaired absorption,
and the resulting impact on serum carotenoids in the
population will probably be minimal. Results of the full-
scale OPMSS in 2001 will provide data on the associations
of olestra consumption with serum carotenoids.

There are limitations to our study. First, in comparing
two methods of dietary assessment in validation studies, it
is important that the errors associated with the criterion
measure are independent of the errors in the instrument
being tested. For example, sources of error in 24-hour
recalls include participant memory, coding errors, inter-
viewer bias and difficulties in portion size estimation.
Because the focused recall used a combination of charac-
teristics from food frequency questionnaires (e.g. close-
ended responses and a fixed food list) together with
features of dietary recalls (e.g. recall of diet over the
previous day), some of the errors are probably correlated.
These correlated errors have the potential to bias our
estimates of precision of the focused recall. Second, the
focused recall contains a fixed list of fruits and vegetables,
which was defined by the available data in the USDA-NCI
carotenoids database for foods. Such restricted food lists
can be a source of error by yielding estimates of nutrient
intake that do not allow adequate discrimination between
study participants'®. Finally, there may be social desir-
ability to overreport fruits and vegetables and underreport
savory snacks, which could bias our estimates of co-
consumption'®; and there may have been social desir-
ability to give consistent answers to both instruments.
Nevertheless, the focused recall described here can serve
as an example or template for the development of brief
instruments that can assess consumption of target foods,
eating patterns or other types of co-consumption. For
example, this approach could be useful when assessing
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biological markers of nutrients (e.g. carotenoids) that are
found in specific classes of foods (e.g. fruits and
vegetables)'*® or when assessing compliance to feeding
study protocols where a comprehensive dietary assess-
ment is neither necessary nor desirable. A focused recall
could also be used in the NCI 5-A-Day projects when
adoption of a particular eating pattern (fruit and vegetable
intake) is an endpoint®. However, scientists designing
similar tools must remember that abbreviated instruments
must be thorough enough to capture the foods that are the
major sources of the nutrient(s) of interest®* as well as
foods that are part of mixed dishes such as vegetables in
soups and casseroles. In conclusion, the focused recall
offers a new approach for quickly, easily and accurately
assessing intake of target foods, nutrients and specific
eating patterns.
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