
ABSTRACT
Background: Measurement of fruit and vegetable intake is
important in the surveillance of populations and in epidemio-
logic studies that examine the relations between diet and disease.
Some situations require the use of brief dietary assessment tools.
Objective: Our objective was to evaluate the performance of
2 brief dietary assessment instruments, a 7-item standard screener
and a new 16-item screener, and a complete food-frequency
questionnaire (FFQ) in measuring total fruit and vegetable
consumption.
Design:About 800 men and women from the National Institutes
of Health–AARP Diet and Health Study completed an FFQ, 1 of
the 2 screeners, and two 24-h dietary recalls. Fruit and vegetable
intakes as measured by each screener and the FFQ were com-
pared with estimated true usual intake by using a measurement-
error model.
Results: Median daily servings of fruit and vegetables were
underestimated by both screeners. The estimated agreement
between true intake and the screener was higher for the new
screener than for the standard screener and was higher for women
than for men. The estimated agreement between true intake and
the FFQ was higher than that for both screeners. Attenuation
coefficients for the FFQ and screeners were comparable.
Conclusions:For estimating median intakes of fruit and vegeta-
bles and the prevalence of recommended intakes being met, the
use of screeners without appropriate adjustment is suboptimal.
For estimating relative risks in the relations between fruit and
vegetable intake and disease, screeners and this FFQ are similar
in performance. Am J Clin Nutr2000;71:1503–10.
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INTRODUCTION

Fruit and vegetables provide essential vitamins, minerals, and
other components such as fiber (1), glucosinolates, and indoles
in our diets. In addition, high intakes of fruit and vegetables may
displace other, less desirable components of the diet (2). Dietary
intake of fruit and vegetables has been related to a variety of
health outcomes, including cancer and cardiovascular disease

(3–5). One of the national health objectives for the year 2000 is
to “increase complex carbohydrate– and fiber-containing foods
in the diets of adults to 5 or more daily servings for vegetables
(including legumes) and fruits”(6). Thus, measuring intakes of
fruit and vegetables is important for surveillance and for study-
ing relations between diet and disease.

These needs for data have stimulated great interest in how best
to measure fruit and vegetable intakes (7). In the United States, 24-h
recall data are used to monitor progress toward the Healthy People
2000 national fruit and vegetable intake objective (7). However,
sometimes researchers have more limited purposes or resources,
and they need brief dietary instruments that are easy to administer
and process and that adequately satisfy a particular purpose.

After the 1991 5 a Day Baseline Survey (8), National Cancer
Institute researchers and National 5 a Day Program grantees
developed a brief dietary assessment tool, or screener, to meas-
ure total fruit and vegetable consumption. The results are used to
track changes in fruit and vegetable intake and to measure pro-
gram and intervention effectiveness (9). This standard screener
includes 7 questions that ask how often fruit and vegetables were
consumed in the past month (Table 1).

Our objectives were to test the performance of the standard
screener, relative to criterion data from two 24-h dietary recalls,
and to compare its performance with that of a new screener, com-
posed of 16 questions, that we developed (Table 2). On the new
screener, respondents are asked to divide the day into 3 periods
and to report their usual consumption of fruit and vegetables sep-
arately for each period. A secondary objective was to compare
the performance of both screeners with that of a food-frequency
questionnaire (FFQ) that provides a more extensive assessment
of the usual diet over the past year.
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SUBJECTS AND METHODS

Subjects

The screeners were offered to a random sample of members of
the Calibration Study of the National Institutes of Health (NIH)-
AARP (formerly the American Association of Retired Persons)
Diet and Health Study. In the main study, an extensive FFQ was
mailed in 1995–1996 to 3.5 million AARP members aged 50–69 y
in 6 states (California, Florida, Louisiana, New Jersey, North Car-
olina, and Pennsylvania) and 2 cities (Atlanta and Detroit). This
FFQ asked about the usual frequency of consumption and portion
size for 120 food groups, as well as other dietary patterns. Those
who responded by January 1996 and who were not excluded
because of questionable dietary data or a medical condition were
eligible for enrollment in the Calibration Study. Questionable
dietary data were defined as ≥2 adjacent pages of the FFQ
skipped; >10 items with multiple frequency responses marked;
<10 items with any reported consumption; or energy intake too
high (>4200 kcal or 17573 kJ for men or >3500 kcal or 14644
kJ for women) or too low (<800 kcal or 3347 kJ for men or <600
kcal or 2510 kJ for women). Medical conditions such as end-
stage renal disease, self-reported poor health, or history of cancer
were also used as exclusion criteria.

The baseline FFQ data were used to assess individuals’
intakes of 4 dietary variables of interest: percentage of energy
from fat, dietary fiber intake, servings of fruit and vegetables,
and servings of red meat. For each of these variables, 5 strata
were defined for each sex and individuals were classified into
these strata. To increase the sample’s variability for these 4 dietary
measures, extreme intakes (strata 1 and 5) on any of the 4 vari-
ables were sampled at the highest rate, proportionately fewer
individuals were sampled from strata 2 and 4, and even fewer
were sampled from stratum 3. Two additional strata were
defined as high alcohol use (≥90 g alcohol/d on baseline FFQ)
by sex. Within each stratum, individuals were randomly chosen
to participate in the Calibration Study. Of the 2053 members of
the Calibration Study, 1986 provided two 24-h dietary recalls
(described below) and the rest provided one. All 2053 members
of the Calibration Study were mailed a second FFQ in October
1996. A total of 1415 FFQs were returned, but 52 FFQs were
later excluded because of questionable data quality on the basis
of the criteria described above.

By June 1997, 80 of the original 2053 persons had with-
drawn from further participation in the Calibration Study. The
remaining 1973 individuals were randomly divided into 3 groups
and were mailed the standard fruit and vegetable screener, the

new fruit and vegetable screener, or a new screener designed to
assess percentage of energy from fat (not reported here).

For the standard screener, 2 of those mailed were undeliver-
able and 455 of the 657 mailed were returned (response rate of
69%). For the new screener, which was mailed to a different sub-
group, 2 of those mailed were undeliverable and 454 of the
656 mailed were returned (response rate of 69%).

For these analyses, we excluded participants in the high-
alcohol-use strata of the calibration sample (n = 11 in the stan-
dard-screener group and n = 9 in the new-screener group). We
also excluded from further analyses participants with extreme
fruit and vegetable values on either 24-h recall (≥30 servings of
fruit and vegetables on either day; n = 2 in each screener group)
because we did not want our results to be influenced unduly by
extreme values. Finally, we excluded individuals with poor-
quality data on the screeners, as described below (6 and 5 sub-
jects in the standard- and new-screener groups, respectively).

Of the 436 participants in the standard-screener group, 47%
were men, 34% were aged 50–59 y, and 66% were aged ≥60 y.
Of the 438 participants in the new-screener group, 49% were
men, 32% were aged 50–59 y, and 68% were aged ≥60 y.

Data collection for the NIH–AARP Diet and Health Study was
approved by the National Cancer Institute Institutional Review
Board and the Westat Inc Special Studies Institutional Review
Board. Informed consent was obtained from all participants.

Data collection and processing and variable creation

Collection and coding of 24-h dietary recalls

The 24-h dietary recalls were administered by trained inter-
viewers over the telephone from February through August 1996.
The second recall was obtained an average of 24 d (median of
20 d) after the first recall. A set of measuring guides was sent to
participants before the interview; 94% of the participants reported
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TABLE 1
Questions asked on standard fruit and vegetable screener

In the past month, about how often did you drink (or eat):
100% orange juice or grapefruit juice?
… other 100% fruit juices, NOT COUNTING fruit drinks?
… green salad (with or without other vegetables)?
… French fries or fried potatoes?
… baked, boiled, or mashed potatoes?

In the past month, about how many servings of vegetables did you eat,
NOT COUNTING potatoes and salad?

In the past month, about how may servings of fruit did you eat,
NOT COUNTING juices?

Response categories are: never, 1–3 times/mo, 1–2 times/wk, 3–4 times/wk,
5–6 times/wk, 1 time/d, 2 times/d, 3 times/d, 4 times/d, and ≥5 times/d.

TABLE 2
Questions asked on new fruit and vegetable screener

In the last month, about how often did you drink (or eat):
100% orange juice or 100% grapefruit juice?
… other 100% fruit juices, such as apple or grape juice? (Do not count
fruit drinks such as Hi-C.)

… French fries or fried potatoes?
… baked, boiled, or mashed potatoes?

Response categories are: never, 1–3 times last mo, 1–2 times/wk,
3–4 times/wk; 5–6 times/wk, 1 time/d, 2 times/d, and ≥3 times/d.

For morning, lunchtime and afternoon, and evening and nighttime separately:
On how may days did you eat fruit for your (timeframe) 

meals or snacks? (Do not count juices.)
Response categories are: none, 1–3 d last mo, 1–2 d/wk, 3–4 d/wk,
5–6 d/wk, and every day. 

When you ate fruit in the (timeframe), how many total portions of fruit 
did you usually eat? (Count each piece or one-half cup you ate
as one portion, whether it was one fruit or different fruits.)

Response categories are: 1 portion or less, 2 portions,≥3 portions.
On how many days did you eat vegetables for your (timeframe) meal and 

snacks? (Do not count potatoes.)
Response categories are: none, 1–3 d last mo, 1–2 d/wk, 3–4 d/wk,

5–6 d/wk, and every day.
When you ate vegetables in the (timeframe), how many total portions of 

vegetables did you usually eat? (Count each one-half cup you ate as one 
portion, whether it was one vegetable or different vegetables.)

Response categories are:≤1 portion, 2 portions,≥3 portions.



that they used the guides for the interview. Participants were not
told in advance when they would be interviewed. Because diets
differ by day of the week (10, 11), participant interviews were
scheduled to reflect the distribution of weekdays and weekend
days. Of the 1986 participants who reported 2 d of intake, 55%
reported about 2 weekdays, 37% reported about 1 weekday and
1 weekend day, and 8% reported about 2 weekend days. Partici-
pants were asked to report all foods and beverages consumed on
the day before the interview, for the entire 24 h from midnight to
midnight. Interviewers used a Food Probe List containing stan-
dardized probes specific to the various foods in each of >100
food categories. The probes addressed such information as
preparation method, type of fat used, brand, additions to the
food, dilution, and quantity. Data were coded by using the
FOOD INTAKE ANALYSIS SYSTEM, version 2.3 (12). This
system uses food codes comparable with those used by the US
Department of Agriculture (USDA) and includes extensive error-
checking procedures for identifying potentially erroneous data.
In addition, data checks were performed on records with
extremely high values for fat, total energy, and total fruit and
vegetable intakes and corrections were made to the data when
warranted.

Conversion of intake data to servings of fruit and vegetables

National dietary guidance (13–15) was used to define which
foods count as fruit and vegetables and to quantify a serving for
all the instruments. For fruit, a serving is defined as a whole
fruit (eg, medium apple), three-fourths cup (178 mL) fruit juice,
or one-half cup (120 mL) cut-up fruit. For vegetables, a serving
is defined as 1 cup (240 mL) raw leafy vegetables (eg, lettuce),
one-half cup other vegetables, or three-fourths cup vegetable
juice. Data released from the USDA Continuing Survey of Food
Intakes by Individuals (CSFII) for 1994–1996 (16) made it pos-
sible to translate food intake data coded with USDA codes into
servings from the food guide pyramid groups. The data files
provide the number of servings from each food guide pyramid
group per 100 g of the food code, for each of >5000 food codes.
With this system, the various components of food mixtures can
be assigned to their appropriate food guide pyramid group.

Most of the food codes used to code the NIH–AARP 24-h
dietary recalls corresponded to codes in the 1994–1996 CSFII;
this was the case for 3271 of 3759 food codes reported. When
there was no matching 1994–1996 CSFII code, a similar data-
base developed for the USDA 1989–1991 CSFII (17) was used
to assess servings of fruit and vegetables (140 food codes). A
small number of food codes (348) did not match codes in either
USDA database. For these, a food code from the 1994–1996
CSFII database that best matched the food with regard to rela-
tive composition of fruit, vegetables, meat, and starch was cho-
sen. After all the food codes reported on the NIH–AARP 24-h
dietary recalls had been matched to CSFII food codes, the total
number of servings of fruit and vegetables from each food item
was computed and these were summed across all foods to give
an estimate of the total fruit and vegetable servings consumed
by each individual. This total reflected all sources of fruit and
vegetables, including fried vegetables such as French fries, mis-
cellaneous sources such as potato chips, and small amounts
such as those found in yogurt or desserts.

For the screener instruments, various assumptions were made to
estimate the total servings of fruit and vegetables. On the standard
screener, the amount of food consumed each time is not asked;

instead, we assumed one serving as defined by the food guide
pyramid. For the new screener, in the sections asking about intake
by time of day (Table 2), individuals were asked to report both
the frequency and the number of portions per occurrence. They
were instructed that a portion is one-half cup fruit, one whole fruit,
or one-half cup vegetables. Servings were assigned to the 3 por-
tion categories as follows:≤1 portion = 1 serving, 2 portions = 2
servings,≥3 portions = 3 servings. Responses to these questions
were also used to estimate the total number of servings for orange
and grapefruit juice, other 100% fruit juices, French fries or fried
potatoes, and baked, boiled, or mashed potatoes, for which the
number of portions was not asked.

For the FFQ, 1994–1996 CSFII survey data were used to con-
struct a database that included, for each food asked about on the
FFQ, a mean number of servings of fruit and vegetables for each
of 6 different strata, defined by sex and portion size (small,
medium, or large) (18). For each individual, the total daily num-
ber of servings of fruit and vegetables was computed by multi-
plying that individual’s reported frequency by the number of
fruit and vegetable servings assigned for his or her stratum
(defined by sex and his or her reported portion size) for each
food on the FFQ, summing across all foods, and standardizing to
reflect daily average intake.

Missing responses on both of the screeners were examined
and the following decisions were made. For the standard
screener, the case was excluded from analysis if there was no
frequency response on either the “other vegetables” question or
the “fruit” question. When the frequency response for any other
question was missing, it was assumed that the respondent never
eats that food, and a 0 was assigned. For the new screener, a 0
was assigned when both the frequency and the corresponding
portion question were not answered. When the frequency ques-
tion was answered and the portion question was not, the portion
most frequently reported by that respondent for that same type of
food (fruit or vegetable) was used as the default value. For both
screeners, if any question had multiple responses or entirely
missing data, the case was excluded from analysis.

Analytic methods

The variable of interest for all analyses was true usual intake
of fruit and vegetables expressed in daily servings. We used the
measurement-error model developed by Freedman et al (19),
which assumes that measurement error in a test instrument may
include systematic bias as well as within-person random error,
but that error in the criterion instrument (such as a 24-h recall)
includes only within-person variation. The measurement-error
model is written as follows:

Qi = b0 + b1 Ti + ei (1)

Fij = Ti + uij (2)

where Qi is the questionnaire value (ie, from standard screener,
new screener, or FFQ) for the ith individual,

Ti is the true usual intake of fruit and vegetables for the
i th individual,

b0 is the intercept and b1 is the slope of the linear regression
of Qi on Ti,

ei is random within-person error,
Fij is the j th repeat criterion measurement (24-h recalls)

for person i,
uij is within-person random error for person i, repeat measure-

ment j, assumed to be independent of Ti and ei. Because the repeat
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24-h recalls were reasonably separated in time in this case, it is
further assumed that random error uij and uij9 corresponding to
2 repeat measurements for the same person are independent.

There are many parameters of interest when evaluating how a
test instrument performs relative to true dietary intake. For each
instrument comparison, we estimated the mean and median,
slope (b1), intercept (b0), correlation coefficient between test
instrument and true intake (R), and attenuation coefficient (l).
The parameters b1, b0, and R reflect validity, which is whether
the test instrument measures what it is supposed to measure. If
the test instrument is unbiased, ie, if E(Qi)Ti) = Ti , the regression
of measured on true intake would show a straight line at a 458 angle
(b1 = 1.0), intercepting at 0 (b0 = 0). The squared correlation
coefficient (R2) for the correlation between reported and true
intake indicates the proportion of variation in intake measured by
the screener that is explained by true intake. The attenuation
coefficient (l = R2/b1) is the amount by which the relative risk
between the exposure (ie, fruit and vegetable intake) and some
disease would be distorted because of measurement error in the
test instrument. Although, in general,l can take on any value, it
typically ranges from 0 to 1 for dietary variables. A l close to 1
indicates minimum attenuation, whereas a l close to 0 indicates
maximum attenuation.

The variable “servings of fruit and vegetables” had a nonnor-
mal distribution for all instruments, whereas the square root of
that variable was approximately normally distributed. We there-
fore used a square-root transformation of the data, redefining Qi,
Ti, and Fij in the measurement-error model to refer to their
square-root-transformed values. We then calculated maximum-
likelihood estimates of the parametersb0, b1, se

2, su
2, u T, and

sT
2 under the assumption of normality. From these parameter

estimates, we calculated estimates of the percentiles of the dis-
tributions of Q and T and squared them to get estimates of the
percentiles of the distribution of the untransformed variables.

RESULTS

Comparison of screeners with the estimated truth

The estimated median values for total fruit and vegetable
intake, from each instrument for men and women separately, are
shown in Table 3. In Figures 1 and 2, the estimated median, 25th
percentile, and 75th percentile values are shown. Among men
(Figure 1), in the standard-screener group, the estimated true

median number of servings per day was significantly higher than
the median servings estimated by the screener (6.6 and 3.7,
respectively; P < 0.0001). Among men in the new-screener
group, the estimated true median number of servings per day was
also significantly higher than the median servings estimated by
the screener (6.5 and 4.4, respectively; P < 0.0001). The new
screener was significantly (P = 0.003) better than was the stan-
dard screener in estimating true fruit and vegetable intakes.

Among women (Figure 2), the findings were similar, with both
screeners significantly underestimating the median servings per
day relative to the estimated true intake. However, the discrepan-
cies between the estimates of true intake and the screener results
were not nearly as great among women as they were among men.
Among women in the standard-screener group, the estimated true
median number of servings per day was 5.5, compared with
4.2 from the screener (P < 0.0001). In the new-screener group,
the estimated true median number of servings per day was 5.7,
compared with 5.0 from the screener (P < 0.0001). The new
screener was significantly (P = 0.007) better than the standard
screener in estimating true fruit and vegetable intakes.

The interquartile ranges for both screeners were smaller than
were those for true intakes. For example, for men in the stan-
dard-screener group, the interquartile range for true intake was
estimated as 3.6, compared with 2.6 for the screener. In the new-
screener group, the interquartile range for true intake was esti-
mated as 4.2, compared with 3.4 for the screener.

The percentages of individuals who met the Healthy People
2000 objective of eating ≥5 servings of fruit and vegetables daily
were estimated by using the same model (Table 4). In the stan-
dard-screener group, the estimated true prevalence among men
was 73%, compared with 24% on the basis of the screener results.
In the new-screener group, the estimated true prevalence among
men was 70%, compared with 42% on the basis of the screener
results. Among women, the estimated true prevalence and preva-
lence from the standard screener were 59% and 36%, respec-
tively; the estimated true prevalence and prevalence from the
new screener were 64% and 50%, respectively. Both screeners
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TABLE 3
Median servings of fruit and vegetables on the basis of estimated true
intake, the standard screener, the new screener, and a food-frequency
questionnaire (FFQ) among men and women

Estimated
true intake1 Screener FFQ

servings/d

Men
Standard-screener sample (n = 205) 6.6 3.7 6.6
New-screener sample (n = 216) 6.5 4.4 6.3

Women
Standard-screener sample (n = 231) 5.5 4.2 6.2
New-screener sample (n = 222) 5.7 5.0 6.0

1From 24-h recall data, adjusted for within-person random measure-
ment error.

FIGURE 1. Median, 25th percentile, and 75th percentile values for
fruit and vegetable intakes: estimated true intake versus the standard
screener and new screener in men.



substantially underestimated the prevalence of the Healthy People
2000 fruit and vegetable objective being met, but the discrepancy
was smaller for the new screener than for the standard screener.

In Table 5, we show the estimated slope (b1), correlation with
true intake (R), and attenuation coefficient as a result of measure-
ment error in the reported intake for each screener and the FFQ by
sex. In Figure 3 (men) and Figure 4 (women), the regression lines
created from the estimated slopes and intercepts (b0) are shown
graphically. Among men, the estimated slopes were well below
1.0 for both screeners, showing the flattened slope syndrome. This
meant that individuals who ate a lot underreported their intake on
the screeners and those who ate little overreported their intake on
the screeners. There was substantial bias in both screeners, both
from the intercept estimates of 0.67 (standard) and 0.75 (new),
which were >0, and from the slope estimates of 0.49 (standard)
and 0.53 (new), which were <1.0. Estimated correlation coeffi-
cients between true values and the standard and new-screener
results were nearly identical (0.52 and 0.54, respectively), as were
the attenuation coefficients (0.56 and 0.55, respectively).

Among women, the estimated slopes for both screeners were
<1.0, again showing the flattened slope syndrome. However, the
slope of 0.82 for the new screener was significantly (P = 0.02)
better than the slope of 0.49 for the standard screener. The cor-
relations between estimated true intake and the new-screener and
standard-screener results were 0.59 and 0.50, respectively (NS).
The attenuation coefficients between estimated true intake and
the new-screener and standard-screener results were 0.43 and
0.52, respectively (NS).

Comparison of FFQ and screeners with estimated true
intakes

We examined the performance of a complete FFQ relative to
the screeners in estimating usual intake of fruit and vegetables (the
relation between the FFQ and 24-h recalls for the entire calibra-
tion sample will be examined in a future publication).

Among men in the standard-screener group, the median esti-
mated true intake was 6.6 servings, compared with the FFQ esti-

mate of 6.6 servings and the screener estimate of 3.7 servings
(Table 3). For men in the new-screener group, the median esti-
mated true intake was 6.5 servings, compared with the FFQ esti-
mate of 6.3 servings and the screener estimate of 4.4 servings.
Among women, the median estimated true intakes were interme-
diate between the FFQ and screener estimates in both screener
groups. Among both men and women, median intakes of fruit
and vegetables were estimated most closely by the complete
FFQ and were underestimated by both screeners, although much
less so for women than for men. Median intakes from the new
screener were closer to true intake than were those from the stan-
dard screener. The FFQ was better than either screener at esti-
mating the prevalence of the Healthy People 2000 fruit and
vegetable objective being met (Table 4).

Measures reflective of validity (ie, the slope and the correla-
tion coefficient) and the attenuation coefficients were generally
similar for the FFQ and screener for each comparison by screener
type and sex (Table 5). Only one comparison between the FFQ
and a screener showed a significant difference: among men, the
slope of 0.81 for the FFQ was significantly better than was the
slope of 0.49 for the standard screener (P = 0.0009). The esti-
mated attenuation coefficients indicate that there would be sub-
stantial attenuation in calculating the relative risk of a disease on
the basis of dietary exposure data from any of these instruments.

DISCUSSION

The methods used in this validation study are novel in 2 ways.
First, the criterion data used here provide estimates of fruit and
vegetable intake quantified into servings, as defined by the food
guide pyramid, for each food reported. Previously published
validity studies (20, 21) did not have the 1994–1996 CSFII food
guide pyramid servings database available and therefore used
other, less precise means of quantifying fruit and vegetable intake
in relation to recommended servings. In those studies, certain
uses of fruit and vegetables (eg, condiments, sauces, soups, and
fried potatoes), small amounts (<30 g of solid fruit or vegetable),
and particular vegetables and fruit (eg, dried beans) were
excluded from consideration. Because our purpose here was to
consider all fruit and vegetables to reflect total exposure, we
included all uses, however small, of fruit and vegetables reported
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FIGURE 2. Median, 25th percentile, and 75th percentile values for
fruit and vegetable intakes: estimated true intake versus the standard
screener and new screener in women.

TABLE 4
Percentages of study samples meeting the Healthy People 2000 fruit and
vegetable objective on the basis of estimated true intake, the standard
screener, the new screener, and a food-frequency questionnaire (FFQ)
among men and women1

Estimated
true intake2 Screener FFQ

%

Men
Standard-screener sample (n = 205) 73 24 69
New-screener sample (n = 216) 70 42 65

Women
Standard-screener sample (n = 231) 59 36 65
New-screener sample (n = 222) 64 50 64

1Healthy People 2000 fruit and vegetable objective: eat ≥5 servings of
fruit and vegetables/d.

2From 24-h recall data, adjusted for within-person random measure-
ment error.



on the 24-h recalls. For example, potato chips, fruit used in condi-
ments such as preserves, and other miscellaneous uses were
counted in this study. Our estimates of true intake in our sample
of adults aged 50–69 y were generally higher than such estimates
for adults in other published research that used different method-
ologies (8, 22, 23). However, even when we used the same
methodology, we found that our sample estimates were somewhat
higher than those in the 1994–1996 CSFII (24) sample of persons
aged 50–69 y (median for men: 5.2; median for women: 4.4),
indicating a relatively higher fruit and vegetable intake among
respondents in the NIH-AARP study than in the US population.

A second novel feature of the present study is the use of an
advanced measurement-error model to estimate a variety of
parameters useful in understanding the performance of instru-
ments that measure fruit and vegetable intake. The usual compar-
isons of means and correlations between reported and true intakes
were supplemented with estimates of slopes in the regressions of
reported intakes on true intakes and attenuation coefficients
resulting from measurement error, allowing a fuller understand-
ing of each instrument’s utility in epidemiologic research.

The measurement-error-model approach used here uses 24-h
recalls (2 for 95% of the samples and 1 for 5% of the samples)
as criterion data. There is no requirement that the two 24-h
recalls accurately estimate the true usual intake of the individ-
ual. Rather, the criterion instrument may involve error of its

own, but the assumption is that this error has no systematic bias.
Biomarker studies that used doubly labeled water and urinary
nitrogen indicated systematic underreporting, at least at the
population level, of energy and protein intakes when data were
collected with dietary records and dietary recalls (25, 26). One
study indicated that intakes of fruit and vegetables may also be
underreported (27). If this were also true in the present study,
the mean true intake would be underestimated and the differ-
ences between the screeners and the estimated true intake would
be greater. The ranking of the instruments that we evaluated
would remain the same, however. If the amount of underreport-
ing on the 24-h recalls were similar across individuals, the other
parameters of interest (slope, correlation coefficient, and atten-
uation coefficient) would be unaffected.

For surveillance and monitoring purposes, we are most interested
in estimates of the mean or median true usual intake and the preva-
lence of consumption of recommended amounts of fruit and veg-
etables. In this study, both screeners underestimated median intake
and the percentage of individuals consuming recommended
amounts, but results from the new screener were closer to true
intakes than were those from the standard screener. The median
intake from a screener as a percentage of estimated true intake
ranged from 56% (standard screener for men) to 88% (new screener
for women). This finding is consistent with those of other, recent
studies that found lower estimates of fruit and vegetable intakes
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TABLE 5
Slope of the regression of reported intake on true intake, correlation between reported and true intakes, and attenuation coefficient resulting from
measurement error in reported intake for the food-frequency questionnaire (FFQ) and each screener by sex1

Slope Correlation coefficient Attenuation coefficient

FFQ Screener FFQ Screener FFQ Screener

Men
Standard-screener sample (n = 205) 0.81± 0.129 0.49± 0.093 0.62± 0.067 0.52± 0.076 0.47± 0.058 0.56± 0.089
New-screener sample (n = 216) 0.63± 0.091 0.53± 0.082 0.55± 0.061 0.54± 0.066 0.48± 0.062 0.55± 0.076

Women
Standard-screener sample (n = 231) 0.65± 0.102 0.49± 0.081 0.50± 0.063 0.50± 0.067 0.39± 0.055 0.52± 0.078
New-screener sample (n = 222) 0.81± 0.140 0.82± 0.137 0.53± 0.068 0.59± 0.070 0.35± 0.050 0.43± 0.058

1± SE.

FIGURE 3. Ideal regression line compared with regressions of new-screener results on estimated true intake and standard-screener results on esti-
mated true intake for men.



from screeners relative to multiple 24-h recalls in adolescents
(28) and 3-d food records in adult, African American church
members in rural North Carolina (29). These studies taken
together indicate that the utility of the standard fruit and veg-
etable screeners used in the National 5 a Day Program and in the
Behavioral Risk Factor Surveillance System should be re-evalu-
ated. For estimating median total fruit and vegetable consumption
from all sources, these standard screeners may be suboptimal.
However, it is possible that estimates from these screeners could
be improved by analytic adjustments developed in calibration
studies relating screener data to data from food records or recalls,
ideally in the population of interest. Our data do not allow for
evaluation of the use of either screener for tracking intakes over
time or for targeting populations for program intervention.

The new screener was designed to divide a complex reporting
task into smaller, more manageable tasks. Thus, foods that are
broadly defined and frequently consumed in different ways
and at different times of the day (ie, the food groups fruit and
other vegetables) were asked about in 3 different time periods.
Recently, we conducted cognitive testing that confirmed that
many individuals, when asked to report their usual intakes of
fruit and other vegetables, do so by recalling their typical day,
from morning to bedtime. The improved performance of the new
screener compared with the standard screener in this study sup-
ports our theory and cognitive findings.

Further analyses were conducted to explore the sources of the
discrepancies between the screener results and true intakes. It is
unlikely that certain miscellaneous uses of fruit and vegetables
(eg, potato chips and condiments) would be considered by
respondents when reporting on either screener. These miscella-
neous uses contributed <2% to the total fruit and vegetables
reported on the 24-h recalls. The dried beans group is not clearly
specified in either screener, but it too accounted for little (2%) of
the total consumption of fruit and vegetables reported on the 24-h
recalls. Respondents may not have fully considered the use of
fruit and vegetables in mixtures, such as soups, casseroles, and
pasta dishes, when answering the screener questions; these uses
accounted for >13% of total fruit and vegetables reported on the

24-h recalls. In addition, intake of other vegetables was underre-
ported on the standard screener relative to the number of
servings of these vegetables reported on the 24-h recalls. These
findings indicate opportunities to refine the wording of questions
on screeners to be developed in the future.

The FFQ used in this study performed better than did both
screeners in estimating median intakes. Its better performance is
most likely a result of 2 factors: the number of questions asked
(frequency and portion size of 65 individual foods that con-
tributed to the total FFQ estimate of fruit and vegetable intake)
and the database used to quantify all responses into recom-
mended servings of fruit and vegetables.

For epidemiologic studies examining the relation between fruit
and vegetable intake and some outcome measure, both screeners
and the complete FFQ are similar in performance, on the basis of
these analyses in this particular study. Relative risk estimates
made on the basis of either screener or the FFQ would be attenu-
ated. For example, for men, a true relative risk of 4.0 would be
observed as 2.2 when data from the standard screener were
used, 2.1 when data from the new screenerwere used,and 1.9
when data from a complete FFQ were used. For women, a true
relative risk of 4.0 would be observed as 2.1 when using data
from the standard screener, 1.8 when using data from the new
screener, and 1.6–1.7 when using data from a complete FFQ.

We conclude that for surveillance purposes of estimating
median intakes of fruit and vegetables, both screeners substan-
tially underestimated true intakes and thus the prevalence of
meeting recommended intakes. If screeners are to be used for
these purposes, appropriate adjustment procedures need to be
developed and tested. For examination of relative risk estimates
between total fruit and vegetable intake and some disease, both
screeners performed nearly as well as a much longer FFQ in this
sample. However, if individual components of usual fruit and
vegetable intake are to be examined, a complete FFQ that pro-
vides more specific intake information would be needed.

More cognitive research is needed to understand how individ-
uals conceptualize their intake of fruit and vegetables and
how questions can be worded so that they correspond to these
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FIGURE 4. Ideal regression line compared with regressions of new-screener results on estimated true intake and standard-screener results on esti-
mated true intake for women.



concepts. New approaches or, alternatively, more precise ques-
tions and refined language to make existing tools easier to com-
plete, are needed. The resultant instruments should be tested in
different populations, using accepted criterion data, and in com-
parison with another screener instrument. 
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management; Susie McNutt, for management of the 24-h dietary recall col-
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