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Abstract
Objective: To evaluate the validity (study 1) and the reproducibility (study 2) of an interviewer-
administered food frequency questionnaire (FFQ).

Method: The FFQ was designed at Laval University and contains 91 items and 33 subquestions.
Study 1: The FFQ was compared against a 3-day food record (2 week-days and 1 weekend-day), at
week 0, 6 and 12 of a nutritional intervention. Study 2: In order to evaluate the reproducibility of
the FFQ, 2 registered dietitians administered the FFQ 4-weeks apart among subjects who were not
part of the nutritional intervention.

Results: Study 1: Mean values for intake of most nutrients assessed by the FFQ and by the 3-day
food record were not statistically different. Energy-adjusted correlation coefficients for major
macronutrients ranged from 0.36 for proteins to 0.60 for carbohydrates (p ≤ 0.01). Agreement
analysis revealed that on average, 35% of the subjects were classified in the same quartile when
nutrients were assessed by either the 3-day food record or the FFQ. Study 2: Significant
associations were observed between dietary measurements derived from the two FFQs
administered 4 weeks apart. Correlation coefficients for the reproducibility of macronutrients
ranged from 0.66 for carbohydrates to 0.83 for lipids after energy adjustment. On average, 46% of
the subjects were classified in the same quartile when nutrient intakes were assessed by either FFQ.

Conclusion: These data indicated that the FFQ developed has a good validity and is reproducible.

Background
There is increasing evidence that nutrients may be impor-
tant in the development of chronic diseases such as coro-

nary heart disease (CHD) and type 2 diabetes. In the late
60s, the Mediterranean diet became a topic of interest pri-
marily because of results of the Seven Countries Study,
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which demonstrated that the 15-y mortality rate from
CHD in Southern Europe, was two to threefold lower than
in Northern Europe or United States [1]. More recently,
results from The Lyon Diet Heart Study showed that a
Mediterranean alpha-linolenic acid-rich diet prevented
the recurrence of cardiovascular events more than did the
usual prudent Western diet in men [2-4]. Reliable instru-
ments for diet measurements are necessary to identify
which components of the Mediterranean diet are the best
candidates to explain, in part, such a protective effect.

Accurate assessment of dietary intakes, when based on
self-report in free-living populations poses significant sci-
entific challenges. All standard dietary assessment meth-
ods including food records, dietary recalls and list-type
methods such as food frequency questionnaires (FFQ),
are subjected to considerable error and bias, and none of
these can be considered as a 'gold standard' measure [5].
FFQ has become a common way to estimate usual food
intake because it usually requires less than thirty minutes
to complete [6]. It also imposes less burden on subjects
than most of the other dietary assessment methods. How-
ever, disadvantages of the FFQ have been identified. In
fact, it may be difficult cognitive task for respondent to
recall frequencies of intakes over a given period of time.
Also, the precision in quantifying intakes is not possible
with a FFQ. Dietary habits vary not only from country to
country but also from region to region. Specific FFQs must
be validated to assess nutritional habits conducted in geo-
graphically and/or culturally distinct regions [6]. It is also
important in nutritional intervention to consider the sen-
sitivity of the method over the duration of a study, espe-
cially in study that is testing the effects of dietary changes
[7].

In Québec, no validated FFQ was adapted for the needs of
our nutritional intervention design. In fact, in the context
of our nutritional intervention we wanted to use a FFQ to
evaluate a Mediterranean food pattern in a North-Ameri-
can context that would contain foods available in Québec
and also foods characteristic of the Mediterranean diet. In
order to improve the precision in quantifying reported
intakes we decided to use and interviewer-administered
FFQ to facilitate the determination of portion size using
food models. Thus, we decided to design an interviewer-
administered FFQ to assess the dietary changes among a
French-Canadian population in a nutritional intervention
promoting the Mediterranean food pattern. The first pur-
pose of the present study was therefore to test the validity
of this interviewer-administered FFQ. In order to reach
this objective, nutrient intakes derived from the FFQ were
compared to intakes obtained by the 3-day food record.
Comparisons were performed for baseline as well as for
post-intervention values. This allowed us to determine
whether our FFQ would permit to identify similar changes

in nutrient intake in response to the intervention as the
ones measured by the 3-day food record. As a second
objective, we also wanted to estimate the short-term
reproducibility of this FFQ in a control group who did not
receive the nutritional intervention.

Subjects and methods
Subjects
This paper reports results of two studies: 1) a study on
validity of the FFQ tested against a 3-day food record dur-
ing a nutritional intervention program promoting the
Mediterranean food pattern and 2) a study on reproduci-
bility of the FFQ in a control population.

For the validation study, women from the Québec City
metropolitan area were recruited through the Laval Uni-
versity newspaper during the summer of 2001. Women
included in the study were aged between 30 to 65 years
[8]. To be eligible, women had to be free from metabolic
disorders requiring treatment, to have stable body weight
for at least 3 months prior to the start of the study and to
be in charge of food purchases and meal preparation most
of the time. One hundred and twenty six women were
invited to a screening visit for an evaluation of their food
habits. Among this initial group of women, 94 were found
to be eligible according to the above criteria and 77
women agreed to take part to the study. Three women left
the study during the 12-week intervention for personal
reasons. One participant did not complete the FFQ at
week 12 and 2 other participants did not complete all
three food records. Therefore, 71 women were included
for the FFQ validation analysis.

For the reproducibility study, 20 men and 19 women
from the Québec City metropolitan area were also
recruited through the Laval University newspaper during
the summer of 2002. Men and women included in the
study were aged between 25 to 70 years. Three men and 4
women did not complete the second FFQ for personal rea-
sons. Therefore, 17 men and 15 women were included for
the reproducibility analyses. The study was approved by
the Ethics Committees of Laval University.

Food frequency questionnaire
The interviewer-administered FFQ developed inquired on
the food habits during the last month and is based on typ-
ical food items, which are available in Québec. It contains
91 items among which 27 had between 1 and 3 subques-
tions. The FFQ was structured to reflect Quebecers' food
habits and food items were listed in food groups (vegeta-
bles; fruits; legumes, nuts and seeds; cereals and grain
products; milk and dairy products; meat/processed meat;
poultry; fish; eggs; sweets; oils and fats; fast foods and
drinks). Because of the nature of our nutritional interven-
tion, our FFQ was designed to make sure to document
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with enough details consumption of typical items of the
Mediterranean diet such as type of oils, whole grain prod-
ucts and legumes. The 30-minutes FFQ was administered
face-to-face by one of the 3 registered dietitians involved
in the study. During the interview, the dietitians used food
models for a better estimation of the real portion con-
sumed by the subject. Participants were questioned about
frequency of intake for different foods during the last
month and were asked to report the frequency of these
intakes in terms of day, week or month. The subquestions
allowed a better definition of the food items consumed.
For example, following the question "How often do you
eat yogurt?" subjects were asked about the fat percentage
and brand of the yogurt consumed. An open question at
the end of the FFQ allowed individuals to report any other
frequency eaten foods not listed in the FFQ and provide
details about usual recipes used in order to quantify better
intakes of individual food items.

Cut-off value to evaluate energy intake
Estimates of basal metabolic rate (BMR) were calculated
from the Harris-Benedict formulas based on height,
weight, age and sex [9]. Energy intake reported from FFQs
and from 3-day food records were compared with esti-
mates of BMR to calculate the number of participants who
may have underreported their energy intake [10]. It is sug-
gested that a ratio between energy intake and estimate
BMR of less than 1.35 might not represent long term
habitual intake in a non dieting population [10].

Study 1: Validation
Intervention and FFQ
The methodology of the nutritional intervention has been
described previously [8]. Briefly, the study was conducted
in 2 phases. Each phase was conducted using a similar 12-
week intervention design. The FFQ was administered at
screening (t = 0) and then at weeks 6 and 12. The interven-
tion included 2 group sessions. Individual sessions took
place during the 1st, the 6th and 12th weeks of the interven-
tion in order to evaluate the changes and to select further
objectives for increasing the adherence to the Mediterra-
nean food pattern. Three registered dietitians were trained
to provide a standardized intervention.

3-day food record
Each participant completed a 3-day food record, 2-week
days and 1-weekend day, at week 0, 6 and 12. At screening
of the nutritional intervention, a dietitian provided 15
minutes of instructions to each participant on how to
complete the food records. Written copies of record exam-
ples were provided to each subject. Also, participants were
encouraged to consume usual amounts of typical foods
and drinks for the completion of the food record. Partici-
pants were not required to weight foods but were asked to
measure the volume of foods consumed with household

measurements (cups, tablespoons) or to indicate the
weight of commercial products when it was possible to
assess portion sizes. The food record included a section for
recording information recipes. After completing the food
record, participants met with the dietitian to review all the
information for record accuracy and completeness and
portion size of individual items on the food record were
reviewed when needed by using food models.

Anthropometry
At weeks 0, 6 and 12, body weight and height were meas-
ured according to the procedures recommended at the Air-
lie Conference on the Standardization of anthropometric
measurements [11] and body mass index (BMI) was
calculated.

Study 2: Reproducibility
Study design
The 32 participants of the reproducibility study were dis-
tributed into two groups. In the first group, dietitian #1
administered the FFQ and 4 weeks later dietitian #2
administered the FFQ for the second time. Inversely, in
the second group of participants, dietitian #2 adminis-
tered the first FFQ and 4 weeks later dietitian #1 adminis-
tered the FFQ for the second time. An interval of one
month was chosen to reduce any training effect and mem-
ory influence of the method. Both dietitians were taught
to use the FFQ similarly, using the same examples of por-
tion size, and asking similar questions.

Anthropometry
At the first visit, body weight and height were measured
according to standard procedures [11] and BMI was
calculated.

Analysis
Nutritional analysis
Evaluation of nutrient intakes derived from the FFQs and
food records was performed using the Nutrition Data Sys-
tem for Research (NDS-R) software version 4.03, devel-
oped by the Nutrition Coordination Center, University of
Minnesota, Minneapolis, MN, Food and Nutrient Data-
base 31, released in November 2000 [12]. This database
includes more than 16 000 food items for which the com-
plete nutritional value of 112 nutrients is included. For
the purpose of our study, intakes of selected nutrients sus-
ceptible to affect the CHD risk profile were analysed:
energy, proteins, carbohydrates (CHO), lipids, saturated
fatty acids (SFA), monounsaturated fatty acids (MUFA),
polyunsaturated fatty acids (PUFA), trans fatty acids,
eicosapentaenoic acid (EPA), docosahexaenoic acid
(DHA), total as well as insoluble and soluble dietary fib-
ers, vitamin C, folate, iron and calcium. Intakes of vitamin
and mineral supplements were not included in the
present analysis, which focused on dietary nutrients only.
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Statistical analysis
In the validation study, means and standard deviations
for nutrient intakes were calculated from the FFQs and
from the food records. Student t-tests were performed to
determine the differences between nutrient intakes
assessed by the FFQ and by the 3-day dietary record. Since
many variables were not normally distributed, Spearman
correlations were used to put into relationship nutrient
intakes from FFQ with those from the food record. Stu-
dent t-tests were also performed to determine the differ-
ences between changes in nutrient intakes in response to
the nutritional intervention assessed by the FFQ and by
the 3-day dietary record. Agreement analyses were per-
formed to verify the concordance of different nutritional
variables among quartiles of the distribution between
FFQ and the 3-day food record. In the reproducibility
study, Student t test was performed to assess the differ-
ences between both FFQs. Spearman correlations were
used to put into relationship the nutrients reported in the
first and the second FFQ. Agreement analyses were
assessed to verify the degree of concordance in classifying
subjects among quartiles of the distribution between both
FFQs. For both studies, the dietary variables were log
transformed when necessary to achieve a normal distribu-
tion, and the formula log(x + 1) was used for alcohol
because some subjects had a value of 0 g for alcohol
intake. In addition, to make the comparisons based on
absolute nutrient intakes, correlations were also made
using energy-adjusted variables. Adjustment for total
energy intake was achieved by using the residual method
proposed by Willett and Stampfer [13]. Residuals are
computed from regression models, with total energy
intake as the independent variable and nutrient intakes as
the dependent variable. Values were considered as being
very well correlated for correlations ranging between 0.7
to 0.9, well correlated for correlations ranging between
0.5 to 0.7 and moderately well correlated for correlations
between 0.3 to 0.5, as suggested by Rimm et al [14].
Because age and BMI may have influenced the manner in
which subjects answered the FFQ or completed the 3-day
food record, partial correlations for age and BMI were also
computed. Also, Student t-tests were performed to verify
variation in nutrients intakes obtained from the two FFQ
administered by the two interviewers. All analyses were
performed with the SAS statistical package version 8.02
(SAS Institute, Cary, N.C., USA).

Results
Study 1: Validation
Women had a mean BMI of 25.8 ± 3.9 kg/m2 and a mean
age of 46.8 ± 7.9 y. Average daily nutrient intakes derived
from FFQ and the 3-day food records are shown in Table
1. Total energy intake measured by the FFQ was not differ-
ent from the intake assessed by the 3-day food record (dif-
ference below 5%) at week 0 of the dietary intervention

(Table 1). For FFQ and the 3-day food record respectively,
34% (n = 24) and 38% (n = 27) of subjects had at baseline
a ratio between energy intake and estimated basal meta-
bolic rate at or below 1.35. Also, the intakes of proteins,
CHO, SFA, PUFA, trans fatty acids, cholesterol, alcohol,
vitamin C, folate, calcium and iron measured by the FFQ
and by the 3-day food record at week 0 did not differ sig-
nificantly. Measurement of total dietary fibers and soluble
fibers differed significantly between the FFQ and the food-
record but differences were below 10%. Mean nutrient
intakes measured with FFQ were within 10% of values
obtained with the 3-day food record for 14 of the 19 nutri-
ents measured at week 0. For total lipids and MUFA the
differences were significant but below 15%. Adjusting for
energy intake did not alter these observations. Similar
observations were noted at week 12 except for intakes of
lipids, total dietary fibers and soluble fibers that were not
anymore significantly different between the two methods
and for PUFA intake that was estimated as being signifi-
cantly higher with the FFQ (data not shown).

Spearman correlations between values of nutrient intakes
measured by the 3-day food record and those assessed by
the FFQ at week 0 of the nutritional intervention are
shown in Table 1. Analyses were performed on unad-
justed as well as on energy-adjusted values. The average
correlation coefficient for the nutrients presented in Table
1 was 0.44 at week 0 (energy-adjusted). Values derived
from the FFQ and the 3-day food record were well corre-
lated (energy-adjusted) for CHO, lipids, SFA, trans fatty
acids, alcohol, calcium and iron (0.5 < r < 0.7) and mod-
erately well correlated for proteins, MUFA, PUFA, choles-
terol, dietary fibers, insoluble fibers, EPA and DHA (0.3 <
r < 0.5). Further adjustment for age and BMI did not mate-
rially modify these correlations. Correlations between
FFQ and dietary food record at week 12 were slightly
higher than correlations at week 0 (data not shown).

Table 2 presents changes observed in response to the 12-
week nutritional intervention derived from the 3-day food
record and from the FFQ. For the majority of the nutrients
analyses changes observed by the 3-day food record were
similar to those observed by the FFQ except for vitamin C
intake for which a higher increase was noted when dietary
changes were assessed by the FFQ.

Agreement between quartile classification of FFQ and 3-
day food record is show in Table 3. Percentage of agree-
ment varied from 29.4% for proteins to 64.7% for trans
fatty acids for the lowest intakes (1st tertile) and from
27.8% for CHO to 55.6% for alcohol for the highest
intakes (4th tertile). When considering all nutrients stud-
ied, it was found that, on average, 35.1% of subjects were
categorized exactly in the same quartile by the FFQ and by
the 3-day food record and 5.1% of the subjects were mis-
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Table 1: Mean values of daily intakes of nutrients and Spearman correlation coefficients between values derived from the 3-day food 
record and the FFQ at week 0 of the nutritional intervention (n = 71).

Dietary record FFQ Difference (%)a Unadjusted Energy-adjusted

Energy (kcal)b 2055 ± 521 2143 ± 568 4.3 0.29**
Protein (g) 81.3 ± 16.4 82.6 ± 23.3 1.6 0.27* 0.36**
CHO (g) 245.0 ± 58.9 242.2 ± 60.5 -1.1 0.40** 0.60***
Lipids (g)b 80.1 ± 34.4 90.0 ± 34.8* 12.4 0.29* 0.56***
SFA (g)b 27.1 ± 14.0 30.0 ± 12.7 10.7 0.30** 0.56***
MUFA (g)b 33.9 ± 14.3 39.0 ± 16.3** 15.0 0.26* 0.48***
PUFA (g)b 13.1 ± 6.0 14.4 ± 7.0 9.9 0.38** 0.46***
EPA (g)b 0.06 ± 0.07 0.05 ± 0.04 -16.7 0.33** 0.33**
DHA (g)b 0.17 ± 0.23 0.12 ± 0.08 -29.4 0.30** 0.30**
Trans fat (g)b 3.4 ± 2.0 3.6 ± 2.6 5.9 0.45*** 0.56***
Cholesterol (mg)b 280.1 ± 139.8 300 ± 116 7.5 0.30** 0.36**
Dietary fiber (g) 21.9 ± 6.4 19.7 ± 5.0* -10.0 0.32** 0.38**
Soluble fiber (g) 7.3 ± 2.0 6.6 ± 1.7** -9.6 0.22 0.27*
Insoluble fiber (g) 14.4 ± 4.7 13.2 ± 3.5 -8.3 0.32** 0.37**
Alchool (g)b 11.4 ± 11.2 10.9 ± 10.7 -4.4 0.61*** 0.66***
Vitamin C (mg) 138.5 ± 57.3 137.0 ± 62.2 -1.1 0.19 0.19
Folate (mcg) 394.6 ± 115.4 383.2 ± 107.1 -2.9 0.32** 0.39**
Calcium (mg) 898.4 ± 320.5 962.3 ± 399.8 7.1 0.49*** 0.56***
Iron (mg)b 15.1 ± 4.3 14.1 ± 4.1 -6.6 0.43** 0.53***

Value are means ± SD
a (value derived from FFQ-value derived from 3-day food record)/(value derived from 3-day food record) × 100
b Analyses were performed on log transformed values
Significant difference between the two methods *p ≤ 0.05; **p ≤ 0.01; ***p ≤ 0.0001
Correlations between FFQ and 3-day food record were statistically significant at * p ≤ 0.05; ** p ≤ 0.01; *** p ≤ 0.0001

Table 2: Changes in daily energy and selected nutrients intakes derived from the 3-day food record and from the FFQ in response to 
the 12-week nutritional intervention (n = 71).

Dietary record FFQ

Energy (kcal) -197 ± 464 -200 ± 500
Protein (g) -1.4 ± 15.8 -0.5 ± 18.8
CHO (g) -13.9 ± 60.8 -7.4 ± 59.2
Lipids (g) -12.3 ± 32.5 -16.1 ± 28.3
SFA (g) -6.2 ± 13.1 -9.6 ± 9.8
MUFA (g) -4.2 ± 14.7 -4.7 ± 15.3
PUFA (g) -1.1 ± 6.2 -0.8 ± 6.2
EPA (g) 0.06 ± 0.13 0.06 ± 0.06
DHA (g) 0.10 ± 0.40 0.11 ± 0.11
Trans fat (g) -1.4 ± 2.1 -1.6 ± 2.4
Cholesterol (mg) -51.9 ± 142.6 -65.8 ± 92.2
Dietary fiber (g) 3.0 ± 8.0 4.7 ± 6.9
Soluble fiber (g) 0.7 ± 2.7 1.2 ± 2.3
Insoluble fiber (g) 2.3 ± 5.7 3.5 ± 4.8
Alcohol (g) -2.8 ± 10.4 -1.9 ± 9.4
Vitamin C (mg) 3.6 ± 65.9 29.4 ± 62.9*
Folate (mcg) -7.8 ± 131.9 18.1 ± 113.8
Calcium (mg) 3.8 ± 304.1 33.6 ± 331.9
Iron (mg) -0.3 ± 5.3 1.0 ± 4.3

Value are means ±
SD Significant difference between the two methods *p ≤ 0.05
Page 5 of 10
(page number not for citation purposes)



Nutrition Journal 2004, 3:13 http://www.nutritionj.com/content/3/1/13
classified in extreme quartiles i.e. subject in the first quar-
tile according to one method and in the fourth quartile
according to the other (not shown).

Study 2: Reproducibility
The 32 subjects in study 2 had a mean BMI of 23.9 ± 3.6
kg/m2 for women and 27.6 ± 5.1 kg/m2 for men. The
mean age was 42.5 ± 10.4 y for women and 41.2 ± 11.9 y
for men.

Table 4 shows average daily nutrient intakes derived from
the two FFQs (FFQ1, FFQ2) administered 4 weeks apart
by two different dietitians. Measurement of total energy
intake was not different between the two FFQs (difference
of 6.8%). Also, the intakes of proteins, CHO, lipids, SFA,
MUFA PUFA, trans fatty acids, cholesterol, alcohol and
micronutrients measured by FFQ1 and by FFQ2 did not
differ significantly. Adjustment for total energy intake did
not alter these observations. Similar results were observed
when analyses were performed within each gender sepa-
rately. Subjects in the first group (in which dietitian #1
administered the 1st FFQ) showed similar variation in
nutrients intakes between FFQ1 and FFQ2 than subjects
from the 2nd group (in which dietitian #2 administered
the first FFQ).

Table 4 presents Spearman correlations between nutrient
intakes measured by FFQ1 and FFQ2. The average
correlation coefficient for the nutrients presented in Table
4 is 0.74. Values derived from the two FFQs after adjust-
ment for energy intake were generally very well correlated
for proteins, lipids, SFA, MUFA, PUFA, trans fatty acids,
cholesterol, dietary fibers, soluble and insoluble dietary
fibers, alcohol, calcium and iron (0.7 < r < 0.9) and well
correlated for CHO, EPA, DHA, vitamin C and folate (0.6
< r < 0.7). Partial correlations between nutrients derived
from FFQ1 and those derived from FFQ2 were unchanged

after adjusting for age, BMI and for the dietitian who
administered the 1st FFQ. In addition, similar correlations
were observed when analyses were computed within each
gender separately (not shown).

Table 5 shows agreement between quartile classification
when FFQ1 was compared to FFQ2. Percentage of agree-
ment varied from 28.6% for proteins to 75.0% for energy
and alcohol for the lowest intakes (1st quartile) and from
37.5% for SFA and MUFA to 75.0% for energy, proteins,
CHO and alcohol for the highest intakes (4th quartile).
When considering all the nutrients studied, it was found
that on average, 45.7% of subjects were categorized
exactly in the same quartile by both FFQs and 2.6% of the
subjects were misclassified in extreme quartile (not
shown).

Discussion
Accurate assessment of dietary intakes and dietary changes
plays a central role in nutritional studies. Each tool used
to evaluate dietary intakes has some strengths and limita-
tions. Also, all standard dietary assessment methods are
subjected to bias such as underreporting [6]. In our study,
we developed a 91-items interviewer-administered FFQ
that was sufficiently accurate to measure intakes of nutri-
ents in the habitual diet of subjects from the Québec City
metropolitan area and changes in nutrient intakes follow-
ing a 12 week intervention promoting the Mediterranean
food pattern.

In the validation study, coefficients of correlation between
values derived from the FFQ and those obtained by the 3-
day food record ranged from 0.30 to 0.60 for macronutri-
ents and from 0.19 to 0.56 for micronutrients at week 0.
It has been previously reported that correlation coeffi-
cients for validation studies ranged from 0.4 to 0.7, simi-
lar to our results after energy adjustment [6,15]. Also, our

Table 3: Percentage of agreement for the classification into quartiles of the distribution of selected dietary variables using either the 3-
day food record or the FFQ at week 0.

Lowest quartile with 3-day 
food record and FFQ (%)

Highest quartile with 3-day 
food record and FFQ (%)

Exact agreement across 
quartiles (%)

Energy (kcal) 47.1 38.9 39.4
Protein (g) 29.4 38.9 28.2
CHO (g) 41.2 27.8 26.8
Lipids (g) 35.3 38.9 33.8
SFA (g) 41.2 33.3 29.6
MUFA (g) 35.3 36.8 33.8
PUFA (g) 47.1 38.9 35.2
Trans fat (g) 64.7 38.9 47.9
Cholesterol (mg) 41.2 44.4 36.6
Dietary fiber (g) 47.1 44.4 31.0
Alcohol (g) 52.9 55.6 43.7
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interviewer-administered FFQ did not significantly
overestimate energy intake compared to a 3-day food
record. The fact that the interviewer used food models to
facilitate the estimation of portion size can contribute to
explain this findings. It has been shown that FFQ can both
under- and overestimate intakes of specific nutrients. In

fact, many validation studies have reported that FFQ, as
compared to food-record or 24-hour recall overestimate
nutrients intakes as well as energy intake [16-20]. In con-
trast, other studies have reported that FFQ did not system-
atically overestimate energy and nutrients intakes [14,21-
23].

Table 4: Mean values of daily intakes of nutrients from two FFQa and Spearman correlation coefficients between values derived from 
the two FFQsa.

FFQ1 FFQ2 Difference (%)c Unadjustedd Energy-adjustedd

Energy (kcal) 2283 ± 584 2128 ± 480 -6.8 0.73***
Protein (g)b 89.4 ± 28.4 86.8 ± 24.4 -2.9 0.65*** 0.83***
CHO (g) 286.3 ± 88.2 262.2 ± 80.6 -8.4 0.79*** 0.66***
Lipids (g)b 84.6 ± 25.1 78.9 ± 19.8 -6.7 0.47* 0.82***
SFA (g)b 28.8 ± 10.1 27.1 ± 8.6 -5.9 0.51* 0.81***
MUFA (g)b 34.9 ± 11.0 32.6 ± 8.4 -6.6 0.52* 0.82***
PUFA (g)b 14.3 ± 6.2 13.1 ± 4.7 -8.4 0.60** 0.74***
EPA (g)b 0.06 ± 0.05 0.07 ± 0.06 16.7 0.55** 0.55**
DHA (g)b 0.12 ± 0.09 0.15 ± 0.12 25.0 0.55** 0.56**
Trans fat (g) 3.5 ± 1.7 3.2 ± 1.4 -8.6 0.60** 0.79***
Cholesterol (mg) 278.2 ± 102.8 269.3 ± 75.1 -3.2 0.47* 0.73***
Dietary fiber (g) 22.9 ± 7.9 20.8 ± 6.3 -9.2 0.76*** 0.75***
Soluble fiber (g) 7.8 ± 2.4 7.1 ± 2.0 -9.0 0.82*** 0.87***
Insoluble fiber (g) 15.0 ± 5.5 13.7 ± 4.4 -8.7 0.73*** 0.81***
Alchool (g) 9.6 ± 6.7 9.4 ± 8.0 -2.1 0.76*** 0.70***
Vitamin C (mg) 201.6 ± 103.5 165.2 ± 77.0 -18.1 0.81*** 0.62***
Folate (mcg)b 442.0 ± 147.4 394.5 ± 128.5 -10.7 0.71*** 0.69***
Calcium (mg)b 1153.5 ± 453.5 1085.1 ± 456.2 -5.9 0.79*** 0.86***
Iron (mg)b 15.8 ± 5.7 14.5 ± 4.7 -8.2 0.64*** 0.79***

Values are means ± SD
a 2 FFQ were administered 4 weeks apart
b Student t test analyses were performed on log transformed values
c (value derived from FFQ2 - value derived from FFQ1)/(value derived from FFQ1) × 100
d Correlations between FFQ1 and FFQ2 were statistically significant at * p ≤ 0.05; ** p ≤ 0.01; *** p ≤ 0.0001

Table 5: Percentage of agreement for the classification into quartiles of the distribution of selected dietary variables using either FFQ1 
or FFQ2.

Lowest quartile with FFQ1 
and FFQ2 (%)

Highest quartile with FFQ1 
and FFQ2 (%)

Exact agreement across 
quartiles (%)

Energy (kcal) 75.0 75.0 62.5
Protein (g) 28.6 75.0 37.5
CHO (g) 50.0 75.0 59.4
Lipids (g) 50.0 62.5 40.6
SFA (g) 50.0 37.5 34.4
MUFA (g) 62.5 37.5 40.6
PUFA (g) 50.0 62.5 46.7
Trans fat (g) 62.5 50.0 40.6
Cholesterol (mg) 37.5 50.0 40.6
Dietary fiber (g) 62.5 50.0 43.8
Alcohol (g) 75.0 75.0 56.3
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Despite the fact that we obtained similar values for energy
intake with both dietary methods, we can not exclude the
possibility that both tools are subjected to underreporting
and therefore underestimate usual dietary intakes. It has
been previously suggested that subjects may tend to
underreport actual food intake by as much as 20% when
completing a weighted dietary record [24]. It has been
argued that subjects who complete 3-day food record may
change their nutritional food habits in order to simplify
the recording of food intakes or to impress the dietitian.
Also, errors in 3-day food records can be attributable to
interpretation of the dietitian encoding the records. In our
study, the same dietitian verified all the food records to
make sure that dietary data were coded similarly for all
participants. In the present study, 38% of subjects
included in the validation study at week 0 had a ratio
between energy intake to estimate BMR below 1.35. Con-
sidering that they had to be weight stable to be included
in the study it is likely that these women were underesti-
mating their habitual diet. Black et al concluded in a
review that underreporting was observed in a great major-
ity of nutritional surveys independently of the method
used [25]. Earlier studies conducted in lean women dem-
onstrated that underreporting was mainly explained by
undereating [26] or underreporting snack foods [27]
whereas in obese subjects underreporting could be
explained by an underestimation in recording portion size
and to social desirability. In addition, underreporting
occurs more often among foods considered 'bad' or
'unhealthy' [28]. In our validation study, there were no
significant differences between BMI of women who were
considered as underreporters and women who did not
underreport (not shown).

In a nutritional intervention, interpretation of the study
outcomes with regard to dietary changes will depend not
only of the validity and the reproducibility of the method
used but also of the sensibility of the method to detect die-
tary changes in response to the intervention. In our nutri-
tional intervention study, conducted in a sample of
healthy women, both diet assessment methods detected
similar dietary changes over the duration of the interven-
tion. These findings suggested that our FFQ is sensitive to
dietary changes in response to our intervention and could
be used to assess dietary changes during a nutritional
intervention. Our results are in agreement with study that
showed that in response to a nutritional intervention a
FFQ measured similar dietary changes as compared to 24-
hour recalls [29] or 4-day food records [7].

The major differences between the two methods in our
study were noted for total lipids and MUFA intakes. Our
FFQ was designed to assess precisely lipid intake and
many questions were asked about types of fat used to
spread or to cook. The more important differences

between FFQ and 3-day food record for MUFA and lipids
could therefore be explained by the fact that it was diffi-
cult for participants to report precisely their lipid con-
sumption when completing the FFQ. It has also been
reported in obese men that underreporting of food record
is usually specific to lipid intake [30] and it is thus possi-
ble that some women did not record all fats or foods high
in fat consumed when completing their 3-day food
record. Therefore, it is difficult to determine whether our
FFQ tended to overestimate lipid or whether the 3-day
food record tended to underestimate it. Also, dietary
changes for these nutrients were in the same magnitude in
response to our intervention with both methods. On the
other hand, Mediterranean diet is usually considered high
in MUFA. In North America, MUFA are mostly provided
by partially hydrogenated vegetable oils and animals
products [31]. In that context, MUFA to SFA ratio could be
considered as a better indicator of a Mediterranean diet. In
our study, we noted that this ratio was not different
between the two methods at baseline and changes
observed in response to the nutritional intervention did
not differ significantly (not shown).

The agreement in quartile classification was acceptable for
selected nutrients with a mean of 35.1% of subjects who
were in exact agreement and 5.1% who were misclassified
in extreme quartiles. This finding is similar to previous
observations [16,19,32,33]. In many studies,
classification in the same segment of the distribution
using two different methods is found in 30% to 40% of
subjects [16,32,34].

When analyses were performed at week 6 and 12 after the
beginning of the nutritional intervention, coefficients of
correlation were slightly higher than at week 0. We suggest
that this finding be partly explained by the intervention
effect. As previously reported [35] subjects could be influ-
enced by a learning effect. In fact, subjects could be influ-
enced by the first FFQ experience and be more adequately
prepared for the second FFQ. The nutritional intervention
may have also influenced the manner in which subjects
were completing their 3-day food records during the
study.

In a nutritional intervention, it is important to use a repro-
ducible method to insure that dietary changes observed
are due to the intervention effects and not to the instru-
ment error. Our study suggests that the FFQ presents a
good degree of reproducibility. In fact, in reproducibility
studies the coefficients of correlation generally ranged
from 0.5 to 0.7 [6]. In our study, coefficients of correlation
ranged, after energy adjustment, from 0.62 for vitamin C
to 0.83 for protein intakes. These values are similar to cor-
relations reported by others [14,18,19,21,22,33,35-37].
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In our reproducibility study, lower mean energy intake
and nutrient intakes were found at the second administra-
tion of the FFQ as compared to the first FFQ (difference of
approximately 10%). However, relatively high and uni-
form correlation coefficients for values derived from the
two FFQs were observed. Riley et al [35] also reported
with an administered FFQ that energy intake was 10%
lower at the second FFQ administration and this reduc-
tion was uniform for all nutrients studied. In our study,
intakes of most nutrients were systematically higher when
measured with the first FFQ compared to the second one,
except for alcohol consumption, which remained the
same. Seasonal variation can not explain this difference
because both FFQs were administered during the same
season. The fact that subjects estimated a lower frequency
of intake during the second administration of the FFQ
may be explained by their earlier experience in complet-
ing the FFQ. Better general knowledge of dietary intakes
could lead to a readjustment in estimation of intakes after
the first administration of the FFQ and therefore changes
in estimated energy intake.

Conclusions
In conclusion, the FFQ that we developed to estimate
usual average daily energy and nutrient intakes in subjects
from the Québec City metropolitan area is valid and
reproducible. Mean energy and nutrient intakes were esti-
mated accurately by our FFQ compared to the 3-day food
record. The fact that our FFQ was administered by a dieti-
tian trained to insure a standardized administration of
FFQ was important to optimize the validity and reproduc-
ibility of the method. We also showed that both methods
appeared to underestimate energy intake in a large pro-
portion of subjects. Usually, food records are considered
as the gold standard method to assess dietary intakes. It is
however important to recognize that food records also
have their own limitations. In nutritional studies, an
interviewer-administered FFQ, as the one we used in the
present study, can be used to assess energy and nutrient
intakes and requires less time to compute dietary informa-
tions than food records. FFQ also decreases the possibility
of interpretation by the coding person. Finally, there is
still a need to develop other efficient methods to measure
dietary intakes that will permit to more closely match
habitual dietary intakes of individuals in their living
environment.

List of abbreviations used
CHD: coronary heart disease

FFQ: Food Frequency Questionnaire

BMR: basal metabolic rate (BMR)

BMI: body mass index

NDS-R: Nutrition Data System for Research

CHO: carbohydrates

SFA: saturated fatty acids

MUFA: monounsaturated fatty acids

PUFA: polyunsaturated fatty acids

EPA: eicosapentaenoic acid

DHA: docosahexaenoic acid

Competing interests
None declared.

Authors' contributions
JG participated to data collection, performed data analysis
and drafted the manuscript. GN and AL participated to
data collection. BL and SL conceived the study, and
participated in its design and coordination. All authors
read and approved the final version of the manuscript.

Acknowledgements
S.L. is a research scholar from the Fonds de la recherche en santé du 
Québec and B.L is the recipient of a Canada Research Chair in Nutrition, 
Functional Foods and Cardiovascular Health from the Canada Research 
Chair Program. This study was partly supported by the Canada Research 
Chair in Nutrition, Functional Foods and Cardiovascular Health from the 
Canada Research Chair Program.

The authors express their gratitude to the subjects and their family for their 
motivation and implication throughout the study. We acknowledge the 
contribution of Nancy Gilbert R.D, M.Sc, and Amélie Charest R.D, for the 
nutritional intervention.

References
1. Keys A, Menotti A, Karvonen MJ, Aravanis C, Blackburn H, Buzina R,

Djordjevic BS, Dontas AS, Fidanza F, Keys MH, .: The diet and 15-
year death rate in the seven countries study. Am J Epidemiol
1986, 124:903-915.

2. Renaud S, de Lorgeril M, Delaye J, Guidollet J, Jacquard F, Mamelle N,
Martin JL, Monjaud I, Salen P, Toubol P: Cretan Mediterranean
diet for prevention of coronary heart disease. Am J Clin Nutr
1995, 61:1360S-1367S.

3. de Lorgeril M, Renaud S, Mamelle N, Salen P, Martin JL, Monjaud I,
Guidollet J, Touboul P, Delaye J: Mediterranean alpha-linolenic
acid-rich diet in secondary prevention of coronary heart
disease. Lancet 1994, 343:1454-1459.

4. de Lorgeril M, Salen P, Martin JL, Monjaud I, Delaye J, Mamelle N:
Mediterranean diet, traditional risk factors, and the rate of
cardiovascular complications after myocardial infarction:
final report of the Lyon Diet Heart Study. Circulation 1999,
99:779-785.

5. Bonifacj C, Gerber M, Scali J, Daures JP: Comparison of dietary
assessment methods in a southern French population: use of
weighed records, estimated-diet records and a food-fre-
quency questionnaire. Eur J Clin Nutr 1997, 51:217-231.

6. Willett W: Nutritional Epidemiology 2nd1998.
7. Kristal AR, Beresford SA, Lazovich D: Assessing change in diet-

intervention research. Am J Clin Nutr 1994, 59:185S-189S.
8. Goulet J, Lamarche B, Nadeau G, Lemieux S: Effect of a nutritional

intervention promoting the Mediterranean food pattern on
Page 9 of 10
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3776973
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3776973
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7754988
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7754988
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7911176
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7911176
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7911176
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9989963
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9989963
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9989963
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9104572
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9104572
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9104572
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8279421
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8279421
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12957689
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12957689


Nutrition Journal 2004, 3:13 http://www.nutritionj.com/content/3/1/13
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

plasma lipids, lipoproteins and body weight in healthy
French-Canadian women. Atherosclerosis 2003, 170:115-124.

9. Harris JA, Benedict FG: Biometric studies of basal metabolism in man.
Washington, D.C., Carnegie Institute Publication; 1919. 

10. Goldberg GR, Black AE, Jebb SA, Cole TJ, Murgatroyd PR, Coward
WA, Prentice AM: Critical evaluation of energy intake data
using fundamental principles of energy physiology: 1. Deriva-
tion of cut-off limits to identify under-recording. Eur J Clin Nutr
1991, 45:569-581.

11. Airlie: Standardization of anthropometric measurements.
The Airlie (VA) Concensus Conference Edited by: LohmanT, RocheA and
MartorelR. Champaign, Ill, Human Kinetics; 1988:39-80. 

12. Schakel SF, Sievert YA, Buzzard IM: Sources of data for develop-
ing and maintaining a nutrient database. J Am Diet Assoc 1988,
88:1268-1271.

13. Willett W, Stampfer MJ: Total energy intake: implications for
epidemiologic analyses. Am J Epidemiol 1986, 124:17-27.

14. Rimm EB, Giovannucci EL, Stampfer MJ, Colditz GA, Litin LB, Willett
WC: Reproducibility and validity of an expanded self-admin-
istered semiquantitative food frequency questionnaire
among male health professionals. Am J Epidemiol 1992,
135:1114-1126.

15. Willett WC: Future directions in the development of food-fre-
quency questionnaires. Am J Clin Nutr 1994, 59:171S-174S.

16. Torheim LE, Barikmo I, Hatloy A, Diakite M, Solvoll K, Diarra MM,
Oshaug A: Validation of a quantitative food-frequency ques-
tionnaire for use in Western Mali. Public Health Nutr 2001,
4:1267-1277.

17. Hartwell DL, Henry CJ: Comparison of a self-administered
quantitative food amount frequency questionnaire with 4-
day estimated food records. Int J Food Sci Nutr 2001, 52:151-159.

18. van Liere MJ, Lucas F, Clavel F, Slimani N, Villeminot S: Relative
validity and reproducibility of a French dietary history
questionnaire. Int J Epidemiol 1997, 26 Suppl 1:S128-S136.

19. Erkkola M, Karppinen M, Javanainen J, Rasanen L, Knip M, Virtanen
SM: Validity and reproducibility of a food frequency question-
naire for pregnant Finnish women. Am J Epidemiol 2001,
154:466-476.

20. Jain M, McLaughlin J: Validity of nutrient estimates by food fre-
quency questionnaires based either on exact frequencies or
categories. Ann Epidemiol 2000, 10:354-360.

21. Ocke MC, Bueno-de-Mesquita HB, Pols MA, Smit HA, van Staveren
WA, Kromhout D: The Dutch EPIC food frequency question-
naire. II. Relative validity and reproducibility for nutrients. Int
J Epidemiol 1997, 26 Suppl 1:S49-S58.

22. Willett WC, Sampson L, Stampfer MJ, Rosner B, Bain C, Witschi J,
Hennekens CH, Speizer FE: Reproducibility and validity of a
semiquantitative food frequency questionnaire. Am J Epidemiol
1985, 122:51-65.

23. Willett WC, Reynolds RD, Cottrell-Hoehner S, Sampson L, Browne
ML: Validation of a semi-quantitative food frequency ques-
tionnaire: comparison with a 1-year diet record. J Am Diet
Assoc 1987, 87:43-47.

24. Black AE, Prentice AM, Goldberg GR, Jebb SA, Bingham SA, Living-
stone MB, Coward WA: Measurements of total energy expend-
iture provide insights into the validity of dietary
measurements of energy intake. J Am Diet Assoc 1993,
93:572-579.

25. Black AE, Goldberg GR, Jebb SA, Livingstone MB, Cole TJ, Prentice
AM: Critical evaluation of energy intake data using funda-
mental principles of energy physiology: 2. Evaluating the
results of published surveys. Eur J Clin Nutr 1991, 45:583-599.

26. Goris AH, Westerterp KR: Underreporting of habitual food
intake is explained by undereating in highly motivated lean
women. J Nutr 1999, 129:878-882.

27. Heitmann BL, Lissner L: Dietary underreporting by obese indi-
viduals--is it specific or non-specific? BMJ 1995, 311:986-989.

28. Lafay L, Mennen L, Basdevant A, Charles MA, Borys JM, Eschwege E,
Romon M: Does energy intake underreporting involve all
kinds of food or only specific food items? Results from the
Fleurbaix Laventie Ville Sante (FLVS) study. Int J Obes Relat
Metab Disord 2000, 24:1500-1506.

29. Thomson CA, Giuliano A, Rock CL, Ritenbaugh CK, Flatt SW, Faer-
ber S, Newman V, Caan B, Graver E, Hartz V, Whitacre R, Parker F,
Pierce JP, Marshall JR: Measuring dietary change in a diet inter-

vention trial: comparing food frequency questionnaire and
dietary recalls. Am J Epidemiol 2003, 157:754-762.

30. Goris AH, Westerterp-Plantenga MS, Westerterp KR: Undereating
and underrecording of habitual food intake in obese men:
selective underreporting of fat intake. Am J Clin Nutr 2000,
71:130-134.

31. Hu FB, Manson JE, Willett WC: Types of dietary fat and risk of
coronary heart disease: a critical review. J Am Coll Nutr 2001,
20:5-19.

32. Andersen LF, Solvoll K, Johansson LR, Salminen I, Aro A, Drevon CA:
Evaluation of a food frequency questionnaire with weighed
records, fatty acids, and alpha-tocopherol in adipose tissue
and serum. Am J Epidemiol 1999, 150:75-87.

33. Katsouyanni K, Rimm EB, Gnardellis C, Trichopoulos D, Polychro-
nopoulos E, Trichopoulou A: Reproducibility and relative valid-
ity of an extensive semi-quantitative food frequency
questionnaire using dietary records and biochemical mark-
ers among Greek schoolteachers. Int J Epidemiol 1997, 26 Suppl
1:S118-S127.

34. Pietinen P, Hartman AM, Haapa E, Rasanen L, Haapakoski J, Palmgren
J, Albanes D, Virtamo J, Huttunen JK: Reproducibility and validity
of dietary assessment instruments. II. A qualitative food fre-
quency questionnaire. Am J Epidemiol 1988, 128:667-676.

35. Riley MD, Blizzard L: Comparative validity of a food frequency
questionnaire for adults with IDDM. Diabetes Care 1995,
18:1249-1254.

36. Friis S, Kruger Kjaer S., Stripp C, Overvad K: Reproducibility and
relative validity of a self-administered semiquantitative food
frequency questionnaire applied to younger women. J Clin
Epidemiol 1997, 50:303-311.

37. Johansson I, Hallmans G, Wikman A, Biessy C, Riboli E, Kaaks R: Val-
idation and calibration of food-frequency questionnaire
measurements in the Northern Sweden Health and Disease
cohort. Public Health Nutr 2001, 5:487-496.
Page 10 of 10
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12957689
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12957689
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1810719
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1810719
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1810719
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3171020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3171020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3521261
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3521261
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1632423
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1632423
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1632423
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8279418
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8279418
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11796090
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11796090
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11303463
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11303463
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11303463
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9126541
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9126541
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9126541
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11532789
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11532789
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10964001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10964001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10964001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9126533
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9126533
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4014201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4014201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3794132
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3794132
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8315169
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8315169
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8315169
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1810720
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1810720
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1810720
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10203564
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10203564
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10203564
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7580640
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7580640
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11126348
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11126348
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11126348
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12697580
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12697580
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12697580
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10617957
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10617957
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10617957
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11293467
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11293467
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10400557
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10400557
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10400557
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9126540
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9126540
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9126540
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2843041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2843041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2843041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8612438
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8612438
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9120530
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9120530
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9120530
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Objective
	Method
	Results
	Conclusion

	Background
	Subjects and methods
	Subjects
	Food frequency questionnaire
	Cut-off value to evaluate energy intake
	Study 1: Validation
	Intervention and FFQ
	3-day food record
	Anthropometry

	Study 2: Reproducibility
	Study design
	Anthropometry

	Analysis
	Nutritional analysis
	Statistical analysis


	Results
	Study 1: Validation
	Table 1
	Table 2
	Table 3

	Study 2: Reproducibility
	Table 4
	Table 5


	Discussion
	Conclusions
	List of abbreviations used
	Competing interests
	Authors' contributions
	Acknowledgements
	References

