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The reproducibility, relative validity, and responsiveness to change of an eight-item food frequency
questionnaire designed to measure fruit and vegetable consumption was assessed among 157 women (mean
age = 41 years) in the Netherlands from spring 2001 to spring 2002. Plasma concentrations of vitamin C and total
and specific carotenoids served as biomarkers against which validity was assessed. The questionnaire was
completed and biomarker concentrations were determined three times: immediately preceding and following a
controlled intervention of 1 month aimed at increasing fruit and vegetable consumption and 1 year after the start
of the intervention. The 1-month and 1-year reproducibility of total fruit and vegetable consumption assessed in
the control group was 0.80 and 0.79 (Spearman’s r ). Correlations between consumption and plasma carotenoids
and vitamin C at baseline were 0.39 and 0.37, respectively, for fruits and 0.24 and 0.26, respectively, for
vegetables. Correlations between changes in consumption and plasma carotenoids and vitamin C were 0.32 and
0.33, respectively, for fruits and 0.28 and 0.30, respectively, for vegetables. On the basis of similar correlations
reported in the literature, the authors conclude that the questionnaire appears to be suitable for ranking
individuals according to their consumption of fruits and vegetables and according to changes in their
consumption. However, the validity of the questionnaire remains to be established in males, other age groups,
and populations of lower educational levels.
ascorbic acid; carotenoids; fruit; nutrition assessment; questionnaires; reproducibility of results; validation
studies [publication type]; vegetables

Abbreviations: FFQ, food frequency questionnaire; SD, standard deviation.

Many observational studies in humans suggest that
consumption of fruits and vegetables is beneficial for the
prevention of cancer (1–4) and cardiovascular disease (5–8).
On the basis of these findings, public health authorities in
several countries have defined recommended intake levels of
these foods. Dutch authorities have recommended intake
levels of 200 g of vegetables and two pieces (approximately
250 g) of fruit per day (9, 10). Similar amounts are recommended in other Western countries (11). Since many
consumers do not meet these recommendations (12), fruit

and vegetable promotion programs have been launched in
order to increase consumption of these foods (13).
Evaluating the effectiveness of these health promotion
interventions requires a measuring instrument that is able to
determine changes in fruit and vegetable consumption (14).
Such an instrument must be short and simple in order to
minimize participants’ time and effort and thereby maximize
participation rates, and to minimize the intervention effect
that might emanate from using intensive research methods
for assessing dietary intake. For this reason, we decided to
develop and validate a concise food frequency questionnaire
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(FFQ), a self-administered instrument for estimating
habitual intake of fruits and vegetables.
Validation of FFQs can be done in various ways; comparisons with diet records or recalls have most frequently been
reported (15). Another method is to compare the results of an
FFQ with biochemical markers of dietary intake. The advantage of using biomarkers is that they provide an objective
measure of intake whose measurement errors are essentially
independent of the errors associated with FFQs (i.e., systematic overestimation or underestimation of consumption
frequency or portion size of certain foods) (16). Therefore,
correlations between fruit and vegetable consumption determined with a dietary assessment method, such as an FFQ,
and biomarkers are not artificially inflated as a result of
correlated errors in both methods, which can be the case
when two similar methods are compared. Hence, in the
present study, we used biomarkers as a method of validation
instead of another method based on self-report, such as 24hour recalls. Frequently used biomarkers for fruit and vegetable intake are levels of carotenoids and vitamin C in blood.
A number of studies have shown that blood levels of carotenoids (17–21) and vitamin C (19, 21) are correlated with
fruit and vegetable intake. Moreover, these biomarkers have
been shown to be responsive to changes in fruit and vegetable consumption (22–27). However, correlations between
fruit and vegetable intake and concentrations of the above
biomarkers are modest, because the biomarkers are also
influenced by physiologic factors such as absorption and
metabolism.
Short (fewer than 15 items) FFQs designed to assess fruit
and vegetable consumption have been used and validated in
previous studies (28–34). However, all of these studies had a
cross-sectional design, and only one (33) used biomarkers as
an independent reference method. Our study, in contrast,
determined fruit and vegetable consumption and plasma
concentrations of vitamin C and carotenoids before and after
an intervention aimed at increasing fruit and vegetable
consumption. This was done among mothers of primary
school-age children, a large population group in the Netherlands. We wanted to validate the FFQ for its ability to rank
people according to their usual fruit and vegetable intake and
according to changes in their fruit and vegetable intake—that
is, to explore relations between FFQ estimates and biomarker estimates both cross-sectionally and longitudinally.
MATERIALS AND METHODS
Study population

From the population registry of the municipality of Maastricht, the Netherlands, we obtained a random sample
containing 2,000 addresses of mothers with children aged 7–
10 years. A letter was sent inviting the mother and the
selected child in each family to participate. An additional
1,100 letters were distributed via elementary schools in
Maastricht. The women had to be apparently healthy
nonsmokers who agreed not to use vitamin supplements
from 1 month before the first blood collection to the end of
the study period. The letter explained that the study’s
purposes were to develop questionnaires assessing fruit and
Am J Epidemiol 2004;159:900–909

FIGURE 1. Design of a study evaluating the reproducibility, validity,
and responsiveness of a food frequency questionnaire (FFQ) for
assessing fruit and vegetable consumption, Maastricht, the Netherlands, 2001–2002.

vegetable intake and to assess determinants of fruit and
vegetable consumption (the latter in another part of the
project not described here). A total of 207 volunteers were
recruited (a 6.7 percent response rate). Data presented in this
report concern only the mothers.
Study design

Approval for the present study was obtained from the
medical ethics committee of Maastricht University. The
study design is shown in figure 1. In February 2001 (t0), an
initial FFQ accompanied by some questions on background
characteristics (including age, marital status, and educational
level) was sent to the participants, who returned it by mail.
After 1 month (t1), this FFQ was sent out again, and the
participants were asked to complete the FFQ on the day or
evening before they came to the study center to undergo
blood sampling for determination of biomarkers. Participants handed in the questionnaire, and a venous blood
sample was drawn during the morning. Subsequently, after
prestratification of participants on fruit and vegetable intake
at t0 (above or below the median) to minimize initial differences in fruit and vegetable intake, participants were
randomly allocated to either a 1-month dietary intervention
aimed at increasing their fruit and vegetable consumption or
no intervention (the control group). All measurements were
repeated immediately after the intervention (t2), as well as 1
year after the baseline measurements (t3). Body mass index
was calculated as weight (kg)/height (m)2, determined at the
study center.
FFQ

The FFQ (figure 2) was based on the FFQ originally
described by Van Assema et al. (35). It had a reference
period of 1 month and included the types or categories of
fruits and vegetables consumed most frequently in the Netherlands (36). Potatoes were not explicitly included in the
category “cooked vegetables,” because potatoes are considered a staple food (not a vegetable) in the Netherlands.
Participants were asked to indicate their usual portion size
for each category of fruits and vegetables in open-ended
questions on number of serving spoons (one serving
spoonful = 50–60 g), pieces, or glasses (see figure 2).
However, the FFQ in figure 2 is shown with closed-ended
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FIGURE 2. The short food frequency questionnaire for assessing fruit and vegetable consumption that was used in the validation study, Maastricht, the Netherlands, 2001–2002.

questions for portion size, which makes it possible to read
the questionnaire with an optical scanner. We were able to
compare portion sizes of cooked vegetables, bananas, and
tangerines when either open-ended questions or categories

were used, and we found that mean portion sizes did not
differ significantly between the two methods (mean portion
sizes in servings for categories and open-ended questions,
respectively, were 3.0 (standard deviation (SD), 0.8) and 3.0
Am J Epidemiol 2004;159:900–909
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(SD, 1.0) for cooked vegetables, 0.8 (SD, 0.4) and 0.8 (SD,
0.4) for bananas, and 0.3 (SD, 0.4) and 0.4 (SD, 0.5) for
tangerines). Spearman’s rank correlation coefficients for
correlations between the portion sizes calculated with either
method were 0.72 (cooked vegetables), 0.78 (bananas), and
0.80 (tangerines).
Population mean values were substituted for missing
values on portion size for any particular item (1.3 percent of
all items at t1, t2, and t3). Consumption, in servings per day,
was calculated by multiplying consumption frequency and
portion size. One piece of fruit, one glass of juice, or one
serving spoonful of vegetables was considered one serving.
Population mean values for each item were used to replace
missing values for fruit and vegetable intake in servings per
day (0.3 percent of all items at t1, t2, and t3). Consumption of
the various items was summed to obtain total fruit consumption, total vegetable consumption, and fruit and vegetable
consumption. Citrus fruit consumption was calculated as
consumption of tangerines and other citrus fruit. Consumption of fruit and vegetable juice was considered to comprise
mainly fruit juice (37) and thus was included in total fruit
consumption and fruit and vegetable consumption.
Dietary intervention

The aim of the intervention was to accomplish an increase
in fruit and vegetable consumption that could be achieved
through an intensive nutrition promotion campaign. Participants in the dietary intervention group were asked to
consume at least 200 g of fresh vegetables and two pieces of
fruit per day (the Dutch recommended intake level for fruits
and vegetables) over a period of 1 month. To increase
compliance, packets containing sufficient amounts of fruits
and vegetables to feed the entire family the recommended
amounts were delivered weekly to the participants’ homes
free of charge, together with a regular newsletter and recipes.
Women in the control group received neither fruit and vegetable packets nor further information on fruits and vegetables.
Analysis of biomarkers

The participants were requested to come to the study
center after fasting overnight. Venous blood samples were
drawn between 7:00 a.m. and 11:00 a.m. in two K2 ethylenediaminetetraacetic acid-coated plastic tubes (Becton Dickinson Vacutainer Systems, Plymouth, United Kingdom) and
were immediately placed on ice in the dark. Total ascorbic
acid concentration was determined by high performance
liquid chromatography with fluorometric detection
according to the method developed by Speek et al. (38).
Plasma levels of carotenoids (α-carotene, β-carotene, lutein,
β-cryptoxanthin, and lycopene) were analyzed with high
performance liquid chromatography with ultraviolet detection according to the method of Hess et al. (39), with modifications described by Oostenbrug et al. (40). A more
detailed description is given elsewhere (41). Although a few
respondents (two at t1, seven at t2, and seven at t3) were not
in the fasting state, exclusion of these persons from the analysis did not substantially affect the results.
Am J Epidemiol 2004;159:900–909

Data analysis

Respondents were excluded from further analysis if their
FFQs contained more than 20 percent missing values. The
data collected at t3 to determine reproducibility were only
analyzed for control subjects who had less than 20 percent
missing values on the FFQ completed at t3 and who had also
been included in the analyses at t1 and t2. Because of the
skewed distribution of the dietary intake data, nonparametric
statistics were used in the cross-sectional and longitudinal
validation analyses. The 1-month and 1-year reproducibility
of food items was calculated as Spearman’s rank correlation
coefficients in control subjects. We calculated agreement in
absolute intake by classifying participants according to their
fruit and vegetable consumption in three categories and
calculating the percentage agreement in classification
between the three measurements. Cutoff points for the categories were 1.5 and 2.5 servings per day for fruits and 2.5
and 4.0 servings per day for vegetables. These points were
chosen to create groups of participants consuming approximately the recommended amounts of fruits and vegetables
and participants consuming clearly less than or more than
this amount.
The effect of the intervention on fruit and vegetable
consumption and biomarkers was calculated as the mean
change in the intervention group minus the mean change in
the control group. The statistical significance of the intervention effects was tested with the Mann-Whitney U test.
As a measure of validity, Spearman’s correlation coefficients for correlations between (changes in) dietary intake
assessed with the FFQ and (changes in) plasma carotenoids
and vitamin C were used. Cross-sectional correlation coefficients were corrected for body mass index. In order to
include both participants with clear-cut changes and those
with low change or no change in fruit and vegetable
consumption, participants from the control group were also
included in the longitudinal validation analyses. We verified
that intervention and control participants were not essentially different in terms of their plasma response to changes
in fruit and vegetable consumption (data not shown). Correlation coefficients were calculated for correlations between
biomarkers and total fruit, total vegetable, total fruit and
vegetable, and citrus fruit consumption. The latter, more
specific correlations were calculated because citrus fruits are
known to have an especially high content of vitamin C and
β-cryptoxanthin.
Educational level was classified as low (primary school),
middle (high school), or high (polytechnic academy or
university). Differences at baseline between the intervention
and control groups were tested using the chi-squared test for
homogeneity (marital status and educational level) or the
independent-samples t test (age and body mass index).
RESULTS
Participants

Of the 207 women who agreed to participate, 194 started
the study and 191 completed the initial questionnaire (t0;
figure 1). The second questionnaire just preceding the intervention was completed by, and a blood sample was obtained
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TABLE 1. Fruit and vegetable intakes of healthy women in March 2001 (t1), April 2001 (t2), and
March 2002 (t3) and reproducibility (Spearman’s r) of a short food frequency questionnaire in
the control group, Maastricht, the Netherlands
Mean intake (servings/day)

Total vegetables

Spearman correlation

t1 (baseline)
(n = 73)

t2 (1 month)
(n = 73)

t3 (1 year)
(n = 60)

t1–t2

t1–t3

3.5 (1.5)†

3.4 (1.4)

3.4** (1.3)

0.73

0.81

Cooked vegetables

2.3 (1.0)

2.2 (0.9)

2.3* (0.9)

0.66

0.70

Raw vegetables

1.2 (1.0)

1.2 (0.8)

1.1 (0.9)

0.78

0.77

Total fruits‡

1.8 (1.0)

1.7* (0.9)

1.7 (1.0)

0.80

0.62

Citrus fruits§

0.4 (0.4)

0.3* (0.3)

0.4 (0.4)

0.81

0.58

Apples/pears

0.5 (0.5)

0.6 (0.5)

0.4* (0.5)

0.79

0.54

Bananas

0.2 (0.2)

0.1 (0.2)

0.1 (0.1)

0.67

0.64

Other fruits

0.31

0.2 (0.3)

0.2 (0.3)

0.2 (0.6)

0.49

Fruit and vegetable juices

0.6 (0.7)

0.5 (0.6)

0.5 (0.6)

0.82

0.62

Total fruits and vegetables‡

5.4 (2.1)

5.1* (2.0)

5.1** (1.9)

0.80

0.79

* p < 0.05; ** p < 0.01 (significantly different from consumption at t1 (two-sided p value; Wilcoxon
signed rank test; comparison between t1 and t3 was based on 60 participants)).
† Numbers in parentheses, standard deviation.
‡ Including fruit juice and vegetable juice.
§ Excluding juice.

from, 174 women (86 participants randomized to the control
group and 88 randomized to the intervention group). Immediately after the intervention period (t2; figure 1), questionnaires and blood sampling were completed by 165
participants (77 controls and 88 intervention subjects). Eight
respondents were excluded from further analysis because
their FFQs contained more than 20 percent missing values
(two intervention subjects at t1 and two intervention subjects
and four control subjects at t2), leaving a total number of 157
participants. One participant did not provide enough blood
for the analysis of vitamin C at t1 and was excluded from the
validation analyses with vitamin C. The mean age of the 157
women was 41 years (range, 29–50), and the mean body
mass index was 24.0 (range, 18.7–35.9). Ninety-two percent
of the women were married or living with a partner; 45
percent had a high educational level, 50 percent had an intermediate level, and 5 percent had a low level. As expected in
a randomized design, the intervention and control groups
were similar with regard to those variables (data not shown).
At 1 year of follow-up (t3; figure 1), 149 participants (68
controls and 81 intervention subjects) completed the FFQ
and gave blood. Sixty control subjects had less than 20
percent missing values on the FFQ completed at t3 and had
also been included in the analyses at t1 and t2. Reasons for
dropping out (after returning the initial questionnaire) were a
lack of time or interest (n = 27), illness at the time of blood
sampling (n = 6), practical reasons (for example, it was not
possible to make a suitable appointment for blood collection)
(n = 7), and personal circumstances or unknown reasons (n =
5). Compared with the participants who completed the study,
the ones who dropped out were significantly younger (39
years vs. 41 years) and consumed significantly fewer vegetables (2.9 servings per day vs. 3.5 servings per day assessed
with the initial FFQ). The 26 controls at t1 who did not

complete the rest of the study consumed significantly fewer
vegetables than the 60 controls who were full participants
(3.0 servings per day vs. 3.8 servings per day assessed with
the initial FFQ).
Reproducibility

Table 1 shows the fruit and vegetable consumption of the
controls at t1, t2 and t3, as well as the reproducibility of the
FFQ after 1 month and 1 year. Fruit and vegetable consumption at t2 differed from consumption at t1 for citrus fruits,
total fruits, and total fruits and vegetables. Consumption at t3
was significantly lower than consumption at t1 for total vegetables, cooked vegetables, apples/pears, and total fruits and
vegetables. Correlation coefficients for correlations between
consumption levels measured at t1 and t2 were 0.66–0.82,
with the exception of “other fruits” (r = 0.49). Compared
with the 1-month reproducibility, the 1-year reproducibility
was similar for vegetable consumption but lower for fruit
consumption.
Table 2 illustrates the reproducibility of the FFQ in terms
of absolute agreement between the three measurements. The
questionnaire classified 57–74 percent of the participants in
the same category of fruit and vegetable consumption when
the FFQ was administered repeatedly. Of the persons who
were classified in a different category, most had moved
down one category.
Intervention effects

Table 3 shows the changes in fruit and vegetable consumption and biomarker concentrations in the intervention group
after 1 month of dietary intervention. Mean plasma concentrations in the control group at baseline did not significantly
Am J Epidemiol 2004;159:900–909
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TABLE 2. Agreement between repeated administrations* of a
short food frequency questionnaire after classification of
healthy women from the control group† into three categories‡
according to their fruit and vegetable consumption, Maastricht,
the Netherlands, 2001–2002
% of participants§
Same
class

One
class
up

One
class
down

Two
classes
up

Two
classes
down

t1–t2

59

18

23

0

0

t1–t3

70

7

23

0

0

Vegetables

Fruits

t1–t2

74

6

18

3

0

t1–t3

57

12

28

0

2

* t1, March 2001; t2, April 2001; t3, March 2002.
† n = 73 at t1 and t2; n = 60 at t3.
‡ Class boundaries: for fruits, 1.5 and 2.5 servings per day; for
vegetables, 2.5 and 4.0 servings per day. The low, intermediate, and
high categories at t1 included 37%, 41%, and 22% of the participants
for fruit consumption and 26%, 41%, and 33% of the participants for
vegetable consumption.
§ Percentages may not add up to 100% because of rounding error.

of fruits and vegetables were observed for citrus fruits and
cooked vegetables (data not shown), respectively. Mean
plasma vitamin C and carotenoid concentrations also
increased significantly as a result of the intervention. The
carotenoid that increased most in concentration was β-cryptoxanthin.
Relative validity

Table 4 presents correlations of plasma carotenoid and
vitamin C concentrations with fruit and vegetable consumption assessed with the FFQ in the total study population.
Although many correlation coefficients reached statistical
significance, the degree of correlation was modest (0–0.57).
Plasma lycopene concentrations were not correlated with
any of the fruit and vegetable categories.
Table 5 shows that in the whole study population, changes
in fruit and vegetable consumption were modestly correlated
with changes in plasma concentrations of vitamin C and all
carotenoids except lycopene. The highest correlation was
between changes in citrus fruit consumption and changes in
β-cryptoxanthin (r = 0.46).
DISCUSSION

differ from those in the intervention group. The intervention
effect was 1.3 servings per day for vegetables and 1.1 servings per day for fruits. The strongest effects in the categories

In the present study, we determined the reproducibility and
relative validity of a short FFQ designed to measure
(changes in) fruit and vegetable intake. After 1 month, the

TABLE 3. Mean fruit and vegetable intakes and plasma vitamin C and carotenoid
concentrations in 84 healthy women at baseline (t1; March 2001) and after 1 month of
nutrition intervention (t2; April 2001) aimed at increasing fruit and vegetable intake,
Maastricht, the Netherlands
Mean intake or plasma concentration

Mean intervention
effect†

t1 (baseline)

t2 (1 month)

Total vegetables

3.4 (1.7)‡

4.6 (1.4)

1.3* (0.2)

Total fruits§

1.9 (1.1)

2.9 (1.2)

1.1* (0.1)

Citrus fruits¶

0.4 (0.5)

0.7 (0.6)

0.4* (0.1)

Total fruits and vegetables§

5.3 (2.3)

7.5 (2.0)

2.4* (0.3)

Vitamin C#

55.07 (13.90)

61.54 (10.68)

10.05* (1.73)

Total carotenoids

2.04 (0.81)

2.28 (0.91)

0.32* (0.07)

α-carotene

0.18 (0.20)

0.19 (0.19)

0.03* (0.01)

β-carotene

0.58 (0.48)

0.64 (0.44)

0.07* (0.03)

Lutein

0.39 (0.14)

0.48 (0.18)

0.09* (0.02)

β-cryptoxanthin

0.62 (0.33)

0.70 (0.31)

0.14* (0.03)

Lycopene

0.28 (0.11)

0.26 (0.11)

0.01 (0.02)

Dietary intake (servings/day)

Plasma concentration (µmol/liter)

* p < 0.01 (intervention effect differed significantly from zero; two-sided p value; MannWhitney U test).
† Change in intervention group minus change in control group.
‡ Numbers in parentheses, standard deviation.
§ Including fruit juice and vegetable juice.
¶ Excluding juice.
# n = 83.
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TABLE 4. Spearman’s correlation coefficients† for correlations between fruit and vegetable intake and
plasma concentrations of vitamin C and carotenoids determined in March 2001 (t1) in 157 healthy women,
Maastricht, the Netherlands
Vitamin C‡

Total
carotenoids

Total vegetables

0.26**

0.24**

0.37**

0.17*

Total fruits§

0.37**

0.39**

0.23**

Citrus fruits#

0.32**

0.27**

0.06

Total fruits and
vegetables§

0.37**

0.37**

0.36**

α-carotene

β-carotene

β-cryptoxanthin

Lycopene

0.26**

0.16

0.04

0.23**

0.13

0.42**

0

0.04

0.03

0.57**

–0.07

0.23**

0.23**

0.31**

0.02

Lutein

* p < 0.05; ** p < 0.01 (two-sided p value).
† Adjusted for body mass index.
‡ n = 156.
§ Including fruit juice and vegetable juice.
# Excluding juice.

reproducibility of the questionnaire was 0.73 for total vegetable consumption and 0.80 for total fruit consumption. After
1 year, the reproducibility of vegetable consumption was
similar (r = 0.81), whereas the reproducibility of fruit
consumption was lower than it was after 1 month (r = 0.62).
With regard to the relative validity of the FFQ, positive
modest correlations were found between fruit and vegetable
consumption and biomarkers and between changes in both
measures.
The reproducibility of an FFQ is influenced by properties
of the FFQ itself, respondents’ memory, and actual changes
in food intake. Since mean fruit intake did not change from
baseline to 1 year after baseline (table 1), it seems likely that
individual shifts in fruit consumption would explain the
lower reproducibility of fruit consumption 1 year after the
first administration of the questionnaire. Alternatively, fruit
consumption may be more subject to interindividual variation than vegetable consumption, or respondents may have
more difficulty reporting their fruit consumption.
Regarding the validity of the FFQ, the use of biomarkers
as a reference method for validating an FFQ as in the present
study has both advantages and disadvantages. Measurement
errors in FFQ estimates (e.g., overreporting of fruit and

vegetable intake) are essentially independent of measurement errors in determination of plasma carotenoid and
vitamin C concentrations (caused during collection,
processing, and analysis of blood samples). This minimizes
the problem of correlated errors in both methods, which
could lead to artificially high correlation coefficients.
However, a limitation of using plasma concentrations of
carotenoids and vitamin C as biomarkers is that they are
influenced not by nutrition alone but also by biologic factors
such as absorption and metabolism; this causes correlations
with fruit and vegetable consumption to be modest (42).
Additionally, correlations between FFQ estimates and biomarkers could be confounded by other variables such as
plasma cholesterol or body mass index. Adjustment for body
mass index was done only in the cross-sectional analyses,
because intraindividual changes in biomarkers, used in the
longitudinal analyses, are unlikely to be influenced by nondietary factors. Adjusted correlation coefficients did not
differ substantially from unadjusted coefficients (data not
shown), indicating that body mass index was not an important confounder. We eliminated the effect of sex, smoking,
and vitamin supplement use on biomarkers by including in
our study only nonsmoking women who did not use supple-

TABLE 5. Spearman’s correlation coefficients for correlations between changes in fruit and vegetable
intake and changes in plasma concentrations of vitamin C and carotenoids determined between March
2001 (t1) and April 2001 (t2) in 157 healthy women, Maastricht, the Netherlands
Vitamin C†

Total
carotenoids

α-carotene

β-carotene

Lutein

β-cryptoxanthin

Lycopene

Total vegetables

0.30**

0.28**

0.29**

0.20*

0.28**

0.29**

–0.11

Total fruits‡

0.33**

0.32**

0.33**

0.24**

0.26**

0.37**

–0.06

Citrus fruits§

0.30**

0.32**

0.21**

0.13

0.26**

0.46**

–0.00

Total fruits and
vegetables‡

0.37**

0.37**

0.36**

0.26**

0.34**

0.39**

–0.08

* p < 0.05; ** p < 0.01 (two-sided p value).
† n = 156.
‡ Including fruit juice and vegetable juice.
§ Excluding juice.
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ments, but we did not control for blood lipid levels, since this
has been shown not to substantially alter coefficients for correlation between fruit and vegetable intake and blood carotenoids (18–20, 43–45). A final limitation in the use of
correlation coefficients as a measure of validity is that they
can only be interpreted in terms of ranking individuals
according to their fruit and vegetable intake, and because of
the lack of a “gold standard,” the validity of the FFQ in terms
of absolute intake cannot be established. This is illustrated
by the fact that a substantial number of participants fell into
a different category of absolute intake when the FFQ was
administered again after 1 month and 1 year.
Results from a number of previous studies in which FFQs
or other instruments designed to measure fruit and vegetable
intake were validated have been reported in the literature. An
overview was given by Van Assema et al. (35) and Kim and
Holowaty (46). To our knowledge, only one study (33) used
biomarkers to validate three short FFQs. Therefore, we
compared our results mostly with findings from more extensive questionnaires which were used to calculate correlations
between fruit and vegetable intake and plasma or serum
concentrations of carotenoids and/or vitamin C (17, 18, 21,
33, 47, 48). Two studies (18, 21) found higher correlations
between fruit and vegetable consumption and biomarkers.
The fact that in both of the above studies participants were
selected on the basis of their high or low fruit and vegetable
consumption may explain the relatively high correlations
seen as compared with our study. Correlations similar to or
lower than those in the present study were found in four
studies (17, 33, 47, 48). Correlations between biomarkers
and fruit and vegetable intake measured with dietary histories in which food consumption was recorded in terms of
frequencies and quantities (19, 20) were similar to the correlations we observed.
We are aware of only one study that determined the ability
of an FFQ to measure changes in food intake (49). This study
showed low correlations between changes in intake over a 6year period as measured with the FFQ and a dietary history
method (r = 0.22 and r = 0.12 for fruits and vegetables,
respectively). The few previous studies that related changes
in fruit and vegetable consumption to changes in plasma or
serum carotenoids or vitamin C all used diet records (23, 24,
26). Zino et al. (23) found correlations between change in
number of servings of fruits and vegetables and change in
plasma concentrations of α-carotene (r = 0.29), β-carotene
(r = 0.09), and vitamin C (r = 0.25) after 4 weeks of dietary
intervention. Maskarinec et al. (26) and Le Marchand et al.
(24) found correlations of 0.52 and 0.69, respectively,
between differences in total carotenoids and fruit and vegetable consumption after a 6-month or 3-month intervention
period. The latter authors also calculated correlations
between changes in total fruit and vegetable intake and
plasma concentrations of specific carotenoids and vitamin C
that were generally lower than the correlations we observed,
except for lycopene. However, they found reasonably good
correlations between some specific (groups of) vegetables
and plasma concentrations of specific carotenoids. Differences between correlations found in the above studies and
the present study presumably result from differences in interAm J Epidemiol 2004;159:900–909

vention effect, study population, time frame, and dietary
assessment method.
Some of the correlations between changes in fruit and
vegetable intake and biomarker concentrations in the present
study—for example, between changes in total vegetable
consumption and plasma β-cryptoxanthin concentrations—
were unexpected based on the carotenoid contents of the
foods. This might have resulted from a concomitant increase
in (citrus) fruit consumption with an increase in vegetable
consumption after the intervention period.
We did not observe any associations between fruit and
vegetable intake and plasma lycopene concentrations. This
lack of association has been found in previous studies (18,
20, 33, 50). A possible explanation may be that major
sources of lycopene (including tomatoes, ketchup, and
pizza) were not asked about separately but were either
grouped under “cooked vegetables” and “raw vegetables/
salad” or not included in the FFQ. Since tomato consumption
assessed with a more elaborate FFQ was not correlated with
plasma lycopene concentrations (data not shown), this explanation is not sufficient. Additionally, lycopene may possess
certain characteristics that make it less suitable as a biomarker for dietary intake, including a relatively low responsiveness of plasma lycopene concentrations to dietary intake
(24).
Correlations between biomarkers and fruit and vegetable
juice were low (data not shown). Vitamin C and carotenoid
content in juice might be lower than that in fresh fruit. Alternatively, participants might have wrongly considered certain
soft drinks to be fruit juices.
The findings of the present study must be interpreted with
caution, because all participants were nonsmoking women
with children in the same age group, and only 5 percent had
a low educational level. Since the requirements of the study
were many, it is likely that most of the women were highly
motivated to participate. Moreover, it turned out that participants who dropped out of the study before it ended
consumed fewer vegetables than participants who fully
completed the study. How this selection bias affected the
results is unknown, but participants in the present study may
have been more aware of their fruit and vegetable consumption and/or may have completed the FFQ more accurately
than would have been the case in a more representative
population; this could have led to higher correlations
between FFQ estimates and biomarkers. Generalization of
the findings is further limited by the fact that all measurements in the present study were done in the spring. This
minimized seasonal influences on biomarkers and fruit and
vegetable consumption (and therefore increased the internal
validity of our study), but we cannot be sure that the validity
and reproducibility of the FFQ in other seasons would be
similar to that presented here.
We conclude that the correlations with biomarkers we
found are comparable to most correlations found in the
studies mentioned above. Thus, our questionnaire appears
suitable for ranking individuals according to their fruit and
vegetable intake. Our FFQ also seems quite well able to rank
persons according to changes in fruit and vegetable intake,
but since data from the literature on associations of changes
in fruit and vegetable intake with biomarkers are scarce, this
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is a preliminary conclusion. The reproducibility of the FFQ
would appear to be satisfactory, though caution must be
taken with regard to its long-term reproducibility for fruit
consumption. Since this FFQ is short, cheap, and easy to
implement, it can be a valuable dietary assessment instrument for epidemiologic studies and for evaluating the effectiveness of fruit and vegetable promotion interventions.
However, the relative validity of the FFQ presented here will
have to be extended to males, other age groups, and populations of lower educational levels.
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