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Background. For the German part of the European Prospective Investigation into Cancer and Nutrition (EPIC), a self-
administered, optically-readable food frequency questionnaire (FFQ), including 158 food items and 87 coloured portion
size photographs, was developed to assess the usual food and nutrient intake of individuals during the past year. In
1991/1992, the reproducibility and validity of the questionnaire measurements were studied according to the EPIC
protocol. This article reports the results on reproducibility and relative validity of measurement of food group intake.
Methods. A total of 104 men and women aged 35-64 years, who are members of the local health insurance institution,
AOK Heidelberg, participated in this study. Reproducibility of the questionnaire measurements was obtained by a
repeated administration of the FFQ to the same study subjects at a 6-month interval. The mean of 12 24-hour dietary
recalls applied at monthly intervals served as reference method for the estimation of the relative validity of questionnaire
measurements. A second version of the FFQ that integrated questions on general food consumption patterns was also
investigated.

Results. Spearman test-retest correlations of food group intake ranged from 0.49 for bread to 0.89 for alcoholic
beverages (median = 0.70). Spearman correlations between food group intake values derived from the 24-hour diet
recalls and the FFQ completed in the summer of 1992 varied from 0.14 for legumes to 0.90 for alcoholic beverages
(median = 0.45). Correction for attenuation due to within-person error in the reference method as well as the correction
for general consumption patterns improved the correlations.

Conclusion. The results indicate that our newly developed FFQ gives reproducible estimates of food group intake. Large
day-to-day variation in food group intake complicated the evaluation of FFQ validity. Overall, moderate levels of relative
validity were observed for estimates of food group intake.

Keywords: food frequency questionnaire, diet recalls, validity, reproducibility, food intake measurements, EPIC

Vol. 26, No. 1(Suppl. 1)
Printed in Great Britain

A self-administered dietary questionnaire was devel-
oped and tested in order to estimate dietary food habits
and nutrient intakes in the German component of a
large cohort study, the European Prospective Invest-
igation into Cancer and Nutrition (EPIC).! The question-
naire, however, was designed with aview to its possible
use in other epidemiologica studies. Reproducibility
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and validity of dietary intake data are the major prob-
lems in nutritional epidemiology.? Validity and repro-
ducibility studies were therefore carried out in all seven
European countries of the EPIC project following a
standardized study protocol.® The purpose of the EPIC
study is to assess whether dietary exposure differences
between subjects are related to cancer risk. The validity
of the dietary questionnaire is related to its ability to
discriminate between subjects with true exposure differ-
ences. On the other hand, reproducibility measures the
consistency of questionnaire (exposure) measurements
made at different points in time with the same subjects.
Associations between diet and cancer can be observed
for individual foods* food groups,® and nutrients
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TaBLE 1 Sex and age distribution of the participants included in
the analysis of the Heidelberg dietary validation study

Age group 35-44 45-54 55-64 Total
years years years
Sex
Male 15 21 13 49
Female 24 19 12 55
Total 39 40 25 104

(macro- and micronutrient levels).® Consequently, studies
on the validity and reproducibility of a questionnaire
are important at all these levels. An analysis at food
group level of the FFQ data was performed to identify
problems in collecting information on food intake, and
to make changes (e.g. in the FFQ formulation) to
improve validity. Moreover, food consumption is the
basic information from which nutrient intake will be
calculated.

This article reports results of the German repro-
ducibility and validity study. Specifically, the repro-
ducibility of food group intakes measured by two food
frequency questionnaires (FFQ) administered 6 months
apart, as well as the relative validity, by using the mean
of 12 24-hour dietary recalls as reference.

SUBJECTS AND METHODS

Subjects

A random sample of 528 potential EPIC cohort mem-
bers from the local health insurance institution AOK
Heidelberg (Allgemeine Ortskrankenkasse), aged 35-64,
were invited by mail to participate in the validation
study. In total 115 (22%) agreed to participate, 195
(837%) refused and 218 (41%) did not respond. An
additional eight people were motivated to participate in
this study by other participants. Since the eight volun-
teers met all criteria of recruitment they were included
in this study.

Both sexes were represented almost equally in the
study population (61 men, 62 women). The majority
of the participants were employed in manual occupa-
tions (60%), whereas only a minority (30%) had second-
ary education. Nineteen of the 123 participants did not
complete the study. The calculations are therefore
based on 104 individuals (49 men, 55 women). Table 1
presents the sex and age distribution of the final study
participants.

TABLE 2 Study design of the Heidelberg dietary validation study

Month FFQ® QGCP 24HDR® QLFY Blood 24h-urine

October 1991
November 1991
December 1991
January 1992
February 1992 X
March 1992

April 1992

May 1992

June 1992

July 1992

August 1992 X
September 1992

XX X X X X XX XXX X

January 1993 X

@ Food frequency questionnaire.

b Questionnaire on general consumption pattern.
¢ Dietary recalls.

9 Questionnaire of lifestyle factors.

Study Design

The data collection was carried out from October 1991
to October 1992. During this period, the subjects com-
pleted: 1) a 24-hour dietary recall once a month; 2) two
dietary FFQ with a 6-month interval (February 1992
and August 1992); 3) a self-administered questionnaire
on lifestyle factors (QLF) that included questions on
education, occupation, history of tobacco smoking and
physical activity; and 4) a short questionnaire on general
food consumption patterns (QGC). Two blood samples
and four 24-hour urines were collected additionally
(for a detailed description see Boeing et al.”). Table 2
describes the design of this study.

Food Frequency Questionnaire (FFQ)

The dietary questionnaire was designed to measure
individuals' usual food and nutrient intakes over the
past year. Moreover, for use in the EPIC project an
instrument was required which facilitated data collec-
tion and data processing. Therefore, we developed a
self-administered and precoded questionnaire suitable
for optical reading.

The food list was defined on the basis of the dietary
intake data obtained from the German National
Nutrition Survey (NVS)® in which 7-day records were
collected from approximately 22 000 subjects. Foods
and dishes recorded by a subsample of 1000 partici-
pants (5000 different food codes) were grouped into 340
single food items and 25 food groups. Analysis using
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regression techniques identified which of the 340 food
items contributed substantially to the consumption of
their respective food group. Using this procedure, 158
single foods or mixed dishes were selected.

We prepared coloured pictures of portion sizes for
those food items which are usually not consumed in
fixed household measures. This situation arises, in
particular, for the main dishes at lunch and dinner. Por-
tion size information was obtained from the NVS by
using the medians of each tertile (17th, 50th, and 83rd
percentile). The distribution of the percentile values often
follow the scheme 1/2, 1, 2. Therefore, we decided to
present only one picture of the median portion size
if this multiplicative scheme was applicable. In all
other instances, three portion sizes per food item
were photographed and presented in one picture.
Altogether, 87 pictures were displayed in the FFQ. The
food items were ordered in the FFQ according to meal
patterns.

For each food item the subject had to mark if the food
or dish was consumed or not during the previous year.
For all food items consumed, the subjects had to select
their typical portion size, the consumption frequency
(1-6 times) and the time period (day, week, month or
year), which suited them best. Questions about the type
of fat for cooking, the fat content of milk products, and
added sugar or milk to hot beverages were also inte-
grated into the FFQ. Seasonal use based on the number
of months fresh fruit is available on the market was
asked for fresh fruit and tomatoes. For example, a fruit
available 6 months a year, which was eaten ‘three times
per week’ in season was converted to a frequency of
78 times yearly.

The FFQ was completed at home, and then reviewed
with the respondent by an interviewer to check for
incomplete information. A computer program calcu-
lated the consumption of the single food items, food
groups and nutrients. The FFQ and 24-hour diet recalls
were linked together by alist of concordance which was
established from all 158 food items in the FFQ and the
individual food codes from the 24-hour diet recalls.

Questionnaire on General Food Consumption

Patterns (QGC)

When subjects were asked to report the frequencies of
their intakes of a large number of single food items
within a food group (e.g. meat), the sum often rep-
resents an overestimation of the true overall frequency.®
This is due to the fact that the subjects loose sight of
the overall picture. One way of dealing with this
problem is to use summary questions for the calibration
of the specific frequencies according to the overall
frequency.”

For this purpose, we selected all food groups with
a large number of single food items from the FFQ
and asked for their general consumption frequency.
Questions on general food consumption (e.g. average
number of servings of meat per week) were requested
for 14 food groups. These included bread, cereals,
fruits, vegetables, legumes, potatoes, cheese, soft
drinks, fats, sauces, meat, processed meat, desserts, and
soups. Since the validation study was already fin-
ished at this time, we collected this information by
an additional questionnaire distributed 4 months after
the study.

24-Hour Dietary Recalls

The reference method was a series of 12 24-hour diet
recalls, which were collected once a month over a
period of ayear. The 24-hour diet recalls were chosen
as the reference method because the response rate and
the quality of response were expected to be much better
for recalls than weighed records.® In addition, multiple
24-hour diet recalls were thought to interfere less with
the normal dietary habits of the subjects. The 24-hour
diet recalls were carried out through face-to-face inter-
views by two trained interviewers at the German Cancer
Research Centre in Heidelberg. The interviews lasted
for an average of 20 minutes. In most instances, each
participant was interviewed by the same interviewer
for each of the 12 24-hour diet recalls. The interviews
were spread across the week from Monday to Friday for
each subject. The foods were recalled chronologically
for the previous day guided by meal patterns. Coloured
photographs, as described above, were used to estim-
ate portion sizes if foods were not consumed in house-
hold measures. The interviewers used a checklist to
enquire about specific details for particular foods. Meal
combinations were used to identify those foods that are
often not mentioned such as sauces or fats used in
spreads. At the end of each 24-hour diet recall, the
foods were summarized in chronological order for the
respondent. The 24-hour diet recalls included the in-
take of supplements, drugs and other medications. It
was also recorded whether the recalled day represented
a normal day or whether the diet was influenced
by specific circumstances, such as sickness or a special
holiday.

The 24-hour diet recalls were coded by severa
nutritionists using the Federal Food Code.!* They were
then reviewed by one person to minimize variability
in coding practices. Household measures or standard
units were converted to grams using a common list of
portion sizes.*? For the analysis of food groups, foods
from the 24-hour diet recalls were grouped as shown in
the FFQ.
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DATA ANALYSIS

Treatment of Missing Values

Despite a visual check of each FFQ at the time it was
returned, and completion of any missing information,
some inconsistencies still occurred. On average, we
found eight mistakes (5% of 158 food items) per FFQ.
For the food-based analysis we thought that it would be
easier to compare results between food items, if the
number of individuals per item is aways the same.
Therefore, missing data were replaced by values
derived from different assumptions that were tested
by comparison with the recall data to find those which
best suited the data. We decided to proceed in the
following manner: if a food item was marked as con-
sumed, but information on portion size or consumption
frequency or both were missing, the mean daily intake
of other participants was used. If a food item was
marked as not consumed, but portion size and/or con-
sumption frequency were given, the intake of this food
item was assumed to be zero. Food items with no marks
were considered as not being consumed.

Analysis of Reproducibility of the FFQ

The distribution of food group intake was not normally
distributed even after logarithmic transformation. Non-
parametric methods were therefore used in the analysis.
Different statistical methods were used to evaluate
reproducibility. It is most unlikely that repeated dietary
questionnaire measurements will agree exactly giving
the identical result for each person. The lack of preci-
sion can be quantified by estimating the mean differ-
ence and the standard deviation of differences.*® Since
the differences were not normally distributed, we
calculated the median difference and the Mean Abso-
Iute Deviation from the median differences** (MAD) to
investigate the degree of precision. The formulae are
given in the Appendix. We tested the null hypothesis,
that the median difference in food intake is zero using
the Wilcoxon signed rank sum test.’®> The MAD is a
measure of scale of the individual differences, and must
be interpreted in relation to the mean intake of the two
measurements. Spearman rank order correlation co-
efficients were calculated between both FFQ adminis-
trations to test precision in ranking subjects. Low
reproducibility can be caused by changes in dietary
habits or by the method itself. Changes in food habits
were assessed by analysis of trend for each individual .*
We tested the hypothesis that there is no trend in food
intake across the 12 24-hour diet recall. A trend test
can be described as a k/sample test of the null hypo-
thesis of identical distribution against an alternative
of monotone order, i.e. if sample i has distribution
function F;, i=1, ..., k, then the null hypothesis

Ho F,=F,=... =F_ is tested against the alternative
H,;:F, =F, = ... = F(orthereverse), where at |east one
of the inequalities is strict. We used a non-parametric
quick sign test with good efficiency developed by Cox
and Stuart.'® The asymptotic relative efficiency (ARE)
is 79% compared to the ARE of Spearman’s rank cor-
relation test and 78% compared to the best parametric
test. All statistical computations were done using SAS.’

Analysis of Relative Validity of the FFQ
The relative validity of the FFQ was assessed by com-
paring the 24-hour diet recalls and the second FFQ
(FFQ2), since this questionnaire covered the same time
period asthe 24-hour diet recall. The validity of the FFQ2
relative to the reference method (24-hour diet recalls)
was assessed by the median difference, the MAD, the
Wilcoxon rank sum test, and Spearman rank order cor-
relation coefficients. The correlation coefficients were
also corrected for attenuation due to random error in the
reference measurements as described by Liu et al.*®

To describe the distribution of food group consump-
tion in our study population, the median for each quin-
tile of 24-hour diet recalls intakes was calculated. In
order to evaluate the effect of measurement error on
ranking subjects, we estimated the median intake from
the 24-hour diet recalls for the subjects in each quintile
defined by FFQ2 intakes. In addition, the degree of
misclassification was estimated by examining the pro-
portion of subjects classified by the reference method
that fell into the same, into the adjacent, or even into
the extreme quintile when classified by the FFQ2. Mis-
classification into the extreme quintile comprises both
misclassification from the first to the fifth quintile, and
vice versa; from the fifth to the first quintile.

Correction for Consumption Freguency

The questionnaire on general consumption patterns was
completed 4 months after the study. This information
was used to adjust for possible over- or underestimation
of the single consumption frequencies reported in the
FFQ2. This adjustment was done only for the FFQ2,
because the questionnaire on general consumption
patterns referred to the same time span as the FFQ2.
The consumption frequencies of single food itemsin a
food group were added up and the sum compared to the
frequency given in the general questionnaire. If the sum
of the individual items differed from the general con-
sumption frequency, a linear adjustment was made for
the single frequencies given in the FFQ2. Weight factors
were calculated as the general consumption frequency
divided by the sum of the single frequencies. The adjust-
ment was done by multiplying the single frequencies by
their weights.
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TasLE 3 Comparison of measurements of median daily intake of 24 food groups estimated by 12 dietary recalls (24HDR) and by dietary
questionnaires (FFQ1 and FFQ2). Data were provided by 104 individuals

Food group Median intake, g Median difference MAD®
FFQ12 FFQ2®  FFQ2corr® 24HDRY FFQ1 24HDR 24HDR FFQl 24HDR  24HDR
Versus Versus Versus versus Versus versus
FFQ2 FFQ2 FFQ2corr FFQ2 FFQ2  FFQ2corr
Bread 137.7 1380 160.6 116.5 42 158" 254 48.2 39.4 34.3
Cereals 72.6 63.5 53.8 65.6 2.1 37 11.3f 20.6 28.1 21.6
Selty snacks 15.1 13.8 - 35 0.0 5.3 - 10.7 11.4 -
Cakes, biscuits 45.8 45.0 - 54.3 0.4 3.2 - 22.8 24.2 -
Sweets 34.6 25.4 - 21.9 10.0f -6.3" - 12.6 11.1 -
Spreads 8.5 8.5 - 7.8 0.0 -0.1 - 4.3 5.0 -
Eggs 115 105 - 6.8 0.0 4.2 - 5.6 6.7 -
Fruits 247.3 202.9 110.0 125.9 281" -50.6' 2060 1333 97.8 46.5
Vegetables 214.8 172.4 115.8 129.3 323 458 12.5' 62.1 54.8 31.9
Legumes 27.3 24.0 21.7 10.4 08 -13.0f -8.2f 12.0 18.0 15.7
Potatoes 89.7 81.3 73.2 67.3 52 —19.2' 2.0 25.7 30.9 22.4
Nuts, seeds 1.2 0.8 - 0.2 0.0 0.0 - 34 2.6 -
Soft drinks 6753  722.7 670.5 597.9 434" 609" 490" 2856 2983 282.3
Milk, milk products 161.8  152.7 - 88.1 93 540 - 73.1 64.2 -
Cheese 28.6 28.7 19.2 25.7 25 4.3 7.3 14.2 9.8 10.0
Coffee, tea 6053  614.4 - 655.4 18.7' 32.6 - 199.4 1427 -
Alcoholic beverages 158.1 163.4 - 167.9 0.0 0.0 - 116.3 80.2 -
Fats 11.9 8.7 10.1 14.4 1.0 2.3 2.2 8.7 8.1 7.6
Sauces 42.9 41.7 23.9 37.0 4.6 5.7 12.2f 17.1 18.2 114
Desserts 17.5 14.1 21.4 16.7 15 -05 4.2 15.4 23.2 27.7
Fish 14.9 15.8 - 5.6 0.5 5.9 - 5.8 10.2 -
Meat 88.1 75.4 55.4 78.1 2.9 -04 22.6' 31.3 32.5 18.7
Processed meat 56.3 481 425 59.9 2.8 6.3 11.6' 24.6 24.7 22.0
Soups 44.6 37.0 57.3 41.3 15 28 149 26.0 33.0 28.7

2 First food frequency questionnaire.
b Second food fregency questionnaire.

¢ Second food frequency questionnaire corrected for consumption frequency (correction was done for 14 food groups).

d Dietary recalls.
€ Mean absolute deviation from median of individual differences.
 Median difference significantly different from zero (P < 0.05).

The assumption that the general consumption fre-
quency is more valid than the sum of the single frequen-
cies needed to be validated.® For the evaluation of the
effect of frequency adjustment, we did the same ana-
lyses for the corrected (FFQ2corr) as described above.

RESULTS

Reproducibility of Questionnaire Measurements

Table 3 shows the median intake, the median differ-
ence, and the MAD calculated from both FFQ. Com-
paring the median intake of the FFQ1 relative to the
FFQ2, half of the 24 evaluated food groups showed
differences within a range of + 10%, indicating a high
consistency in population estimates. For the remaining
12 food groups, the FFQ1 gave 12-33% higher values

than the FFQ2. This result was true, in particular, for
cereals, sweets, fruits, vegetables, legumes, nuts and
seeds, fats, desserts, meat, processed meat, and soups.
The median difference and the MAD were used to
describe how well both FFQ agreed at the individual
level. The median difference is an estimate of the aver-
age random error of FFQ1 relative to FFQ2, while the
MAD gave information about the average distance of
the individual differences from the median difference.
A positive median difference that was significantly
different from zero was observed for sweets, fruits,
vegetables, soft drinks, coffee and tea, and sauces. For
those food groups, the FFQ2 tended to give lower es-
timates than the FFQL. For example, the fruit intake of
an individual was, on average, 28.1 g lower in FFQ2
than estimated by FFQ1. For the remaining 16 food
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TaBLE 4 Spearman rank order correlation coefficients of food group intake between the first and the second dietary questionnaire and

between both dietary assessment methods for 104 individuals

Food group Correlation coefficients Variance Correlation coefficients (corr)f
ratio®
FFQ1? versus 24HDRC versus 24HDR versus 24HDR 24HDR versus 24HDR versus
FFQ2P° FFQ2 FFQ2deatt? FFQ2 FFW2deatt

Bread 0.49 0.51 0.54 13 0.73 0.77
Cereals 0.73 0.42 0.55 8.4 0.54 0.70
Salty snacks 0.72 0.32 0.57 255 - -
Cakes, biscuits 0.69 0.56 0.74 9.2 - -
Sweets 0.71 0.53 0.58 2.5 - -
Spreads 0.75 0.63 0.64 0.6 - -
Eggs 0.73 0.41 0.61 14.0 - -
Fruits 0.61 0.50 0.54 2.0 0.47 0.51
Vegetables 0.54 0.34 0.42 6.2 0.39 0.48
Legumes 0.70 0.14 0.35 65.1 0.20 0.51
Potatoes 0.71 0.37 0.49 8.8 0.47 0.62
Nuts, seeds 0.66 0.18 0.25 11.7 - -
Soft drinks 0.65 0.67 0.70 1.0 0.68 0.71
Milk, milk products 0.55 0.56 0.58 0.8 - -
Cheese 0.61 0.47 0.58 6.6 0.49 0.61
Coffee, tea 0.71 0.70 0.72 0.8 - -
Alcoholic beverages 0.89 0.90 0.94 0.9 - -
Fats 0.57 0.43 0.46 1.8 0.45 0.48
Sauces 0.57 0.32 0.45 11.8 0.39 0.55
Desserts 0.71 0.33 0.46 11.4 0.38 0.53
Fish 0.77 0.21 0.37 25.7 - -
Meat 0.77 0.53 0.67 7.3 0.51 0.65
Processed meat 0.73 0.57 0.65 3.7 0.61 0.70
Soups 0.60 0.27 0.39 13.6 0.42 0.61

2 First food frequency questionnaire.
b Second food frequency questionnaire.
¢ Dietary recalls.

d Correlation coefficients deattenuated (corrected for intra-individual variation in dietary recall data).
€ Variance ratio (intra-individual variation/inter-individual variation) computed from 12 recalling days.
f Second food frequency questionnaire corrected for consumption frequency (correction was done for 14 food groups).

groups there were no significant median differences
observed.

The MAD was large with regard to the average food
intake of the two measurements for most groups, indic-
ating a high variability among individual differences.
For example, the mean intake of the two questionnaire
measurements for salty snacks was 22.9g (data not
shown), while the MAD was 10.7 g. The absolute value
of the MAD is small compared to the other food groups,
but with respect to the food intake, a MAD of 10.7 g
represents a high variability. Especially high variability
with respect to average food intake was also found for
fruits, legumes, nuts and seeds, alcoholic beverages,
fats, desserts, and soups.

Spearman correlations between both FFQ are pre-
sented in Table 4. A low correlation coefficient (<0.5)

was only obtained for bread. Eleven food groups
showed moderate correlations (0.5-0.7). Food groups
in that range were cakes and biscuits, fruits, vegetables,
nuts and seeds, soft drinks, milk products, cheese, fats,
sauces and soups. The remaining 12 food groups gave
correlations >0.7. There were no big gender differ-
ences in reproducibility correlations (data not shown),
except for soft drinks, where the correlation was much
higher in women (0.80) than in men (0.50).

To test the assumption of stable dietary habits, a
trend analysis of the 24-hour diet recalls was done.
Only a few of the subjects (less than 5% per food
group) showed changes in dietary habits over the 12
24-hour diet recalls (data not shown). Therefore, change
in dietary habits could not be the main cause of low
or moderate reproducibility.
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Relative Validity of Questionnaire Measurements

For most food groups the 24-hour diet recalls and FFQ2
agreement in estimated median daily intakes was
moderate (Table 3). There was an overall tendency for
the questionnaire measurements to give higher medians
than the reference method. Only six food groups gave
differences within = 10%; nine food groups showed
values which were 11-30% higher, while nine food
groups gave an overestimation of more than 30%. The
maximum observed was for nuts and seeds with avalue
four times higher than the reference value.

The median difference and the MAD between both
dietary methods gave information about the presence of
subject-specific reporting bias (Table 3). A median differ-
ence significantly different from zero was obtained for
12 food groups, in particular, for bread, salty snacks,
sweets, eggs, fruits, vegetables, legumes, potatoes, soft
drinks, milk products, sauces, and fish. All median differ-
ences were negative, indicating that the FFQ2 gives
higher individual intake estimates compared to the
reference measurements. For nearly all food groups the
MAD were large with respect to the average food in-
take. Especially high values were found for salty
snacks, spreads, eggs, fruits, legumes, nuts and seeds,
milk products, desserts, fish, and soups.

Spearman correlations between FFQ2 and 24-hour
diet recalls are presented in Table 4. Nine food groups
yielded correlations <0.4, 11 groups showed values
between 0.4 and 0.6, and for four groups values >0.6
were obtained. Food groups with correlations <0.4
were salty snacks, vegetables, legumes, potatoes, nuts
and seeds, sauces, desserts, fish, and soups. In general,
slightly higher correlations were found for men than for
women, but meaningful gender differences were not
observed (data not shown).

The ratio of within- to between-subject variation
measured in the 12 24-hour diet recalls was larger than
1.0 for nearly all food groups, and ranged from 0.6 for
spreadsto 65.1 for legumes (Table 4). The highest values
were found for salty snacks, eggs, legumes, nuts and
seeds, sauces, desserts, fish, and soups. The high vari-
ance ratio was due to the large day-to-day variability
in food consumption. This lack of precision in the
reference measurements can be taken into account
by computing deattenuated correlation coefficients
(Table 4). This correction improved the correlations
between methods for all food groups. Thiswas also true
for deattenuated correlations stratified by sex. After
correction, low correlations were only found for four
groups, namely for legumes, nuts and seeds, fish, and
soups. Twelve groups had values ranging from 0.4 to
0.6, and eight groups gave estimates >0.6. Gender dif-
ferences were found for sweets, eggs, sauces, fish, and

soups, i.e. for sweets we observed a correlation of 0.47
for females instead of 0.74 for males. The deattenuated
correlations were mostly better for men than for women,
except for sauces and fish.

The median for each recall quintile was calculated to
describe the distribution of food group intake in our
study population (Table 5). The effect of measurement
error on the food intake distribution was evaluated by
the median intake from the 24-hour diet recalls by
quintiles of the FFQ2 (Table 5). The observed differ-
ence between the lowest and the highest quintile was
less than for quintiles defined by the recalls themselves.
This was due to overestimation of low food consump-
tion and underestimation of high food consumption. For
some food groups, we could not find an increase in
median intake from the first to the fifth quintile when
classified by the FFQ2. An example of this misclassifi-
cation from the FFQ?2 is that the median intakes for
soup from the first to the fifth quintile were 25.1g,
55.09, 16.7 g, 25.0 g, and 87.5g. These values corres-
ponded to the median soup intakes estimated from the
24-hour diet recalls of 0.0g, 12.9g, 40.8¢, 76.3g, and
132.1 g, respectively.

The degree of misclassification associated with
categorized intakes assessed by the FFQ2 was exam-
ined as the proportion of subjects similarly classified
into the same, the adjacent, or opposite quintile (Table 6).
The proportion of subjects similarly classified by
both instruments ranged from 21.2% for legumes to
59.6% for alcoholic drinks, with most values lying be-
tween 30% and 40%. The proportion of subjects classi-
fied into the adjacent category was similar, ranging
from 25.0% for salty snacks to 47.1% for cereals.
Extreme misclassification into the opposite quintile
was rare; the highest value was seen for vegetables
with 4.8%.

Adjustment for Consumption Frequency
For the FFQ?2, particular algorithm for calculating food
consumption was developed considering the frequen-
cies given in the questionnaire on general consumption
patterns. Table 3 presents the effects of adjustment for
consumption frequency on median intake, on the
median difference, and on the MAD. Comparison of
median intake indicated a smaller systematic bias by
the corrected version for six food groups (fruits,
vegetables, legumes, potatoes, soft drinks, and fats). An
increase in population bias was seen for the remaining
eight food groups, namely for bread, cereals, cheese,
sauces, desserts, meat, processed meat, and soups.

For all corrected food groups, except for potatoes and
fats, we found a significant median difference. In most
instances the FFQ2corr gave higher estimates than the
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TaBLE 6 Comparison of food frequency questionnaire with mean daily intakes derived from 12 24-hour dietary recalls, based on joint

classification by quintiles (N = 104 individuals)

Food group FFQ2? versus 24HDRP FFQ2corr® versus 24HDR

same adjacent extreme same adjacent extreme

category category category category category category

(%) (%) (%) (%) (%) (%)
Bread 317 32.7 0.0 43.3 38.5 0.0
Cereals 26.9 47.1 29 29.8 41.3 0.0
Salty snacks 35.6 25.0 0.0 - - -
Cakes, biscuits 30.8 41.3 0.0 - - -
Sweets 33.7 42.3 1.9 - - -
Spreads 44.2 38.5 0.0 - - -
Eggs 32.7 32.7 0.0 - - -
Fruits 317 35.6 1.0 34.6 34.6 1.0
Vegetables 28.8 35.6 4.8 36.5 27.9 2.9
Legumes 21.2 35.6 3.8 26.0 32.7 2.9
Potatoes 30.8 34.6 38 32.7 41.3 1.9
Nuts, seeds 26.9 40.4 1.0 - - -
Soft drinks 39.4 40.4 1.0 43.3 34.6 1.0
Milk, milk products 30.8 39.4 0.0 - - —
Cheese 26.9 42.3 0.0 24.0 43.3 0.0
Coffeg, tea 44.2 375 0.0 - - -
Alcoholic beverages 59.6 337 0.0 - - -
Fats 36.5 375 1.9 35.6 36.5 1.9
Sauces 317 28.8 3.8 30.8 40.4 3.8
Desserts 28.8 41.3 1.0 35.6 33.7 1.9
Fish 231 41.3 2.9 - - —
Meat 34.6 36.5 2.9 385 32.7 1.9
Processed meat 36.5 41.3 1.9 34.6 41.3 1.0
Soups 23.1 33.7 1.0 36.5 26.0 0.0

2 Second food frequency questionnaire.
b Dietary recalls.

¢ Second food frequency questionnaire corrected for consumption frequency (correction was done for 14 food groups).

24-hour diet recalls. Nearly all food groups showed a
smaller MAD, indicating an improvement in the indi-
vidual food intake estimates. Only for cheese and for
desserts did we observe larger MAD than before.

The Spearman correlations between FFQ2corr and
24-hour diet recalls are presented in Table 4. The
corrected correlations were higher for all food groups,
except for fruits and meat, which showed slightly lower
values. Correction for attenuation due to random error
improved these correlations, as well. For example, the
food group soup had a low correlation (0.27) using the
original data from both methods. Adjustment for con-
sumption frequency increased this correlation to 0.42,
and after the correction for measurement error we
observed a value of 0.61.

The evaluation of actual food group intake defined
by categories of the FFQ2corr showed only a minor
improvement compared to the origina questionnaire
data (Table 5). The effect of classification into quintiles

is summarized in Table 6. For most food groups, the
proportion of subjects equally classified was slightly
improved compared to the original data, and extreme
misclassification was reduced (Table 6).

DISCUSSION

Study Participants

It is obvious that a participation rate of 22% is very
low. The main reasons for refusing to participate were
‘no time’ (61%), and ‘no interest’ (23%). Thisindicates
that the participants in the study were highly motivated
subjects. Therefore, the results of this study may over-
estimate the reproducibility and validity of the FFQ.

Reproducibility

The aim of this article was to estimate reproducibility
and relative validity of the German FFQ designed for
EPIC. According to Spearman rank order correlations,
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we found high reproducibility (r > 0.7) for one-half of
the food groups and moderate reproducibility (r <0.7)
for the other half. Correlation coefficients of 0.4-0.8
appear to be typical for reproducibility of food groups
and single food items among middle-aged subjects. 126
Reduced reproducibility can be partially explained by
real changes in dietary habits. However, the trend
analysis on 24-hour diet recalls did not indicate major
individual changes in food consumption during the
study period. Thus, the moderate reproducibility was
probably due to random error of the FFQ itself.

Block and Hartman?” noted that the complexity of a
questionnaire is an important factor that will have a
great impact on the reproducibility. For example, an
instrument without variable portion sizes for each food
item exhibits less variability, and is likely to have a
higher reproducibility compared to a questionnaire in-
cluding these aspects. Similarly, a questionnaire limiting
consumption frequency responses to a few categories,
gives more reproducible results than an instrument with
unlimited choice of responses. Our questionnaire re-
quires the selection of the typical serving size and
allows a free combination of consumption frequency
per indicated time interval. Consequently, our FFQ is
relatively more susceptible to random error than amuch
simpler method.

The reproducibility correlations found in our study
were better than one would have expected from the
investigation of the MAD which indicated a high pro-
portion of within-subject random error. One possible ex-
planation for this result may be that food groups which
were highly reproducible are biased by correlated errors.
Subject-specific reporting error will be correlated if the
questionnaire measurements were repeated on different
occasions.?®?° Beaton examined the error termsin FFQ
at the nutrient level.*° He found that subject-specific
errors gave rise to the high reproducibility correlations
of FFQ. Therefore, the test-retest correlations may result
in a misleading interpretation of reproducibility.

Relative Validity

Comparison between FFQ2 and 24-hour diet recalls
was used to estimate relative validity. We selected
multiple dietary recalls as the reference method. If the
analysis was restricted only to those days rated by the
subjects as normal days (80% of all recals), only
slightly different results with no consistent pattern were
obtained. Therefore, in the analysis all recalls were
used.

Spearman correlations between FFQ2 and 24-hour
diet recalls showed values between 0.14 and 0.90, with
most values between 0.4 and 0.6. Validation studies of
intake of food groups and single food items assessed by

FFQ have observed correlations, generally, between 0.3
and 0.8,19:21.24,31-33

Within-person variation in food consumption measured
by 12 dietary recalls attenuated the correlation coeffi-
cients. The variance ratios computed from the 24-hour
diet recalls revealed high day-to-day variation in the
reference method for most food groups. Especially high
ratios were found for salty snacks, eggs, legumes, nuts
and seeds, sauces, desserts, fish, and soups. Our ratios
were higher than those calculated by Salvini et al.?!
Correction for attenuation improved the correlations for
all food groups. Salvini et al.?! demonstrated that, after
correction, food items with a higher variance ratio
showed a stronger association than food items with
a lower ratio. Our results confirmed this finding only
for some foods. But for legumes, nuts and seeds, fish,
and soups, which showed high variance ratios, the
corrected correlations were still <0.4. The estimates
presented depend on the assumption that the reference
method is unbiased. This assumption may be question-
able for the four food groups mentioned above. These
food groups were typicaly consumed on Friday and
Saturday, which were not covered by the 24-hour diet
recalls. Despite the fact that the dietary intakes on
Fridays and Saturdays were not collected, 12 days of
diet recall did not adequately represent usual intake for
food groups that were consumed less frequently than
once per week. For example, a food group consumed
twice a month has a 44% probability of not being con-
sumed during the 12 24-hour diet recalls. Food groups
mentioned in the FFQ2 that were seldom consumed by
most subjects (less than twice aweek) were salty snacks,
sweets, eggs, legumes, nuts and seeds, desserts, fish,
and soups. Looking at the validity results, we found the
largest MAD for these food groups, and also the lowest
correlation coefficients. For these food groups the refer-
ence measurements are probably underestimated due
to only 12 days of recall and due to the exclusion of
Friday and Saturday. Thus, the reference measurements
may imperfectly reflect ranking. Consequently, it is
difficult to make any conclusions with respect to the
validity for these food groups.

Subject bias can be caused, apart from biased refer-
ence measurements, by several factors, e.g. if a food
item in the FFQ that is commonly eaten by a subject
is omitted, if portion sizes between methods differ,
or if there is misinterpretation of food items listed
in the FFQ.?” The actual source of subject bias in
our FFQ is not yet known. To identify these sources,
further analyses at the single food item level are being
undertaken.

Random errors found in our FFQ resulted in ranking
errors and misclassification. It is obvious that this FFQ
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could not discriminate satisfactorily between quintiles
for nearly all food groups, and the measurable contrasts
were reduced compared to the 24-hour diet recalls data.
The classification of subjects into quintiles was moder-
ate. On average, 33% of subjects were correctly classi-
fied into the same quintile, and 70% were classified
within one quintile.

Dietary questionnaires often overestimate consump-
tion frequency. This may occur when several food items
of asingle food group are presented in a questionnaire.
Flegal and Larkin3* observed that errors in frequency
estimation are the most important source of error in
ranking individuals by levels of macronutrient intake
estimated from an FFQ. Our FFQ design did not allow
similar analyses to those made by Flegal and Larkin.
However, we applied questions on the general con-
sumption frequency of particular food groups. When the
general questions were set as a reference we improved
our ranking of subjects. In particular, the correlations
between methods increased, and the classification into
quintiles was improved slightly. This finding confirmed
that subjects were best at estimating relative frequencies
as opposed to absolute frequencies, as was observed by
Smith.3® Our results also confirmed the results found by
Flegal and Larkin. Correction of reported consumption
frequency had only minor effects on the population
bias, but improved the ranking of subjects.

In summary, the results indicate that our newly
developed FFQ gives reproducible estimates of food
group intake. Large day-to-day variation in food group
intake and the omission of Fridays and Saturdays
complicated the evaluation of FFQ validity. Overall,
moderate levels of relative validity were observed.

The results of this study provided information on
how to improve the FFQ for the main study. Questions
concerning general consumption frequency were integ-
rated in the final FFQ version. Furthermore, we modi-
fied the food list, and for some food items we made new
photographs of portion sizes. The consumption fre-
quency will also now be requested by nine response
categories instead of the combination of frequency and
time unit.
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