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Abstract
Objective: To assess the relative validity of a FFQ developed for the Pelotas Birth
Cohort Studies.
Design: Participants completed a ninety-two-food-item FFQ and then answered
two 24-h recalls (24HR), one in-person interview and a second one by telephone,
administered 14–28 d apart. Median and relative differences of energy, fifteen
nutrients and eleven food groups were estimated based on the FFQ and the
average of two 24HR. Nutrients were log-transformed and energy-adjusted using
residual method. Validity was assessed by crude, energy-adjusted and de-attenuated
Pearson and Lin’s concordance correlation coefficients. Agreement of quartiles and
weighted κ were performed. Differences in energy and nutrient estimations between
methods were plotted in Bland–Altman graphs.
Setting: Pelotas, southern Brazil.
Participants: Two hundred fifty-four participants randomly selected from the 1993
Pelotas Birth Cohort during the 22-year follow-up (2015).
Results: The FFQoverestimated energy andmost nutrients and food groups compared
with the two 24HR. Energy-adjusted and de-attenuated Pearson correlation
coefficients ranged from 0·21 to 0·66. The highest energy-adjusted and de-attenuated
concordance correlation coefficients were observed for Ca (0·48), niacin (0·32),
Na (0·29), vitamin C (0·28) and riboflavin (0·25). The percentage of nutrients classified
into the same and opposite quartiles ranged from 36·5 to 60·3 %, and from 4·8 to
19·1%, respectively. Weighted κ was moderate for Ca (0·51), beans and legumes
(0·50) and milk and dairies (0·49).
Conclusions: The FFQ provides a reasonable dietary intake assessment for habitual
food consumption. However, the relative validity was weak for specific nutrients
and food groups.
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Diet assessment plays an important role in nutritional
epidemiology(1). Worldwide studies have shown an asso-
ciation between dietary intake and non-communicable
diseases(2,3). Several instruments are used to evaluate food
consumption. The FFQ is themost preferredmethod in epi-
demiological studies, especially when researchers aim to
verify associations between dietary habits and disease.
An FFQ is usually structured considering dietary intake
recording frequency in time units(1).

Recently, some studies have developed computer-based
FFQ for the assessment of dietary intakes. Electronic platforms
offer advantages over printed questionnaires, such as
automatic and direct data storage of answers and self-

administration, thus having a potential to become a valu-
able research method(4). In this way, a computer-based
FFQ reduces costs, time, and it is convenient for building
a database and analysing data. A computer-based FFQ
can have amore efficient and interesting layout, and it is pos-
sible for respondents to see illustrated food items and their
respective portion sizes. A Japanese study has found that
>80%of all participants (n 247) considered aweb FFQmore
straightforward than completing a printed questionnaire(4).
In France, a computer-based FFQ method was preferred
by nearly 70% of interviewees (n 147)(5).

Accurate description andmeasurement of dietary intake
are essential for determining a population’s dietary habits.
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Several studies have evaluated the validity of a computer-
based FFQ(5–7). In Denmark, a study comparing a
computer-based FFQ with three 24-h diet recalls (24HR)
among 124 adolescents forming a part of the Danish
National Birth Cohort found that the FFQ had the best
ranking for estimated intake of dairy products, fruit, oils
and dressing(6). In Canada, eighty adolescents and adults
answered a computer-based FFQ, and the data were com-
pared with three 24HR(7), and the correlations between
nutrients were moderate to very good (0·46–0·74)(8).

In Brazil, there is a lack of studies on the relative validity
of a computer-based FFQ. The Pelotas Birth Cohort Studies
in southern Brazil have investigated dietary habits of
its members, and the research centre has developed a
computer-based, semi-quantitative FFQ for use and appli-
cation in the Pelotas cohorts. The objective of the current
study was, therefore, to assess the relative validity of a
computer-based, semi-quantitative FFQ developed for use
in the Pelotas Birth Cohorts and administered in the most
recent follow-up of the 1993 Pelotas Birth Cohort when
its participants were 22 years of age.

Methods

The 1993 Pelotas Birth Cohort Study
Pelotas is a medium city in southern Brazil with a popula-
tion of approximately 330 000 inhabitants, being located
near the Uruguayan border. Its main economic activities
are rice production, commerce and education. The 1993
Pelotas Birth Cohort Study is a population-based study of
which the initial sample comprised 99 % of all live births
that occurred in the urban area of the city from 1 January
to 31 December in 1993 (n 5265)(9). The initial cohort com-
prised of 5249 eligible children (99·7 %). Follow-ups have
been conducted periodically since 3 months of age to
assess several socioeconomic, health and nutritional fea-
tures of the participants. The Pelotas Birth Cohorts pro-
vide a complete coverage of the Pelotas city population,
which has characteristics similar to other Brazilian cities
in terms of demographic, socioeconomic and behaviou-
ral characteristics (e.g., maternal skin colour, education
and obesity rates)(10,11). The methodological aspects of
the study protocol and follow-ups have guaranteed its
internal validity. More details about the cohort can be
found elsewhere(9,11,12).

At the 22-year follow-up (2015), all participants were
invited to attend an appointment at the research clinic. A
total of 3810 participants attended, provided informed
consent and underwent a series of assessments, which con-
sisted of questionnaires, anthropometric measurements
and blood sample collection. Identification of mortality
among cohort participants was based on official records.
The final cohort follow-up rate was estimated at 76·3 %,
including 164 known deaths.

Validation study protocol
The 3810 participants individually answered a computer-
based, self-administered, semi-quantitative FFQ(13). Imme-
diately afterwards, a 24HR was administered in-person to a
random sample of participants. Follow-up for a second
recall by telephone occurred 14–28 d later without prior
notice. To this end, participants confirmed their telephone
numbers and a suitable time and day of the week for the
call to be made, but the interview was not scheduled for
a specific day. Up to three telephone calls were made to
obtain recall information. Participants who did not answer
the telephone were considered losses. Five research assist-
ants received training that consisted of a theoretical course
followed by a practical application of in-person and tele-
phone 24HR. Two trained assistants conducted in-person
interviews, and a further three did telephonic interviews.
All recalls were reviewed by two research dietitians to check
for missing information and ensure quality control. The
sample size of this validation study (n 200) was based on
the recommendation of validation studies(1). The inclusion
of an additional 100 subjects was allowed to overcome pos-
sible inconsistencies between recalls and loss to follow-up.
The final sample comprised of 301 subjects.

Semi-quantitative FFQ
A computer-based, semi-quantitative FFQ was developed
to be used on the 18th year of follow-up of the 1993
Pelotas Birth Cohort(13) based on the paper version of a vali-
dated Brazilian FFQ(14), adapted to the cohort after carrying
out a sub-study when the participants were 15 years of age.
That previous study has been reported elsewhere(15). The
electronic platform comprises all the food items included
in the paper version of the FFQ(15). Four additional food
items were included in the new version, considering cur-
rent changes in the food market (e.g., soya milk, cereal
bars, raw fish), and one item was split into two (sodas with
or without caffeine) to allow additional investigations. The
methodological description of the revised FFQ has been
reported elsewhere(13).

Participants used the FFQ platform in a room with com-
puters at the research clinic. A trained research assistant
individually explained how subjects should use the plat-
form, even though the initial part of the platform provides
instructions on how to fill out the questionnaire. This was
done with the aim of minimising data entry errors and
maximising data quality. For each food item, participants
were asked first about the frequency of intake. When the
consumption of a given item was confirmed, the platform
provided photographic images to identify the usual portion
size (small, medium or large). The FFQ recall period was
the previous 12 months.

The FFQ comprised ninety-two food items clustered into
eleven food groups (bread, biscuits and cereals; rice; beans
and other legumes;milk and dairy products; fruit; vegetables
and potatoes; meat and eggs; sweets and candies; beverages;

Computer-based semi-quantitative FFQ 35

https://doi.org/10.1017/S1368980020001196 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980020001196


fats (butter, margarine, mayonnaise), and eight frequency
options were given: (i) five or more times a day, (ii) two
to four times a day, (iii) once a day, (iv) five to six times a
week, (v) two to four times a week, (vi) once a week,
(vii) one to three times a month and (viii) never or less than
once amonth. Fruit seasonality was taken into consideration
in the annual estimation of consumption by dividing the
reported consumption by four. The options for daily
frequencies were as follows: (i) 5, (ii) 2, (iii) 1, (iv) 0·7,
(v) 0·28, (vi) 0·14, (vii) 0·03, (viii) 0 times per day.

24-h diet recalls
To conduct both in-person and telephonic 24HR, a struc-
tured interview guide was developed based on the
Automated Multiple-Pass Method(16,17). A paper version
of the 24HR was created for both recall interviews. The
dietary recall steps were as follows: (i) request a quick
recall of foods and beverages consumed in the last 24 h,
starting from the morning of the previous day; (ii) prompt
the respondent to food and meal events possibly forgot-
ten during quick recall; (iii) go through each food item
recalled requesting details using a standardised list of
possible ingredients (e.g., added oils, cream, sugar), food
brand, preparation and portion size; (iv) read the list of all
foods and meal events as a final reminder and ask if they
consumed anything else. The day and time of each tele-
phone attempt were also recorded.

Information on time, meal event (breakfast, morning
snack, lunch, afternoon snack, dinner, supper, dawn snack)
and place (home, restaurant, snack bar, lunch bag) was
obtained for each food item reported. Portion sizes were
converted into grams ormillilitres using a standard reference
table(18). All these data (food item,meal event, place, portion
size) from the 24HR were coded and entered twice by two
research assistants onto an Excel spreadsheet. The two data
entries were compared with search for possible inconsisten-
cies and typing mistakes (e.g. number of food items by par-
ticipants, portion size and food codes). All inconsistencies
identified were solved by reviewing the paper recall by
the research dietitian coordinator. The final version of the
dataset was exported to STATA 15.0 (StataCorp).

Energy, nutrient and food group intake estimation
For both the FFQ and the average of two 24HR, daily
energy and fifteen nutrient intakes were estimated using
mainly the Brazilian Food Composition Table(19), comple-
mented with food items from the US Department of
Agriculture’s National Nutrient Database for Standard
Reference(20). In addition to energy and macronutrients,
we estimated dietary fibre, Ca, Fe, thiamine, riboflavin,
niacin, vitamin C, Na and cholesterol, as these nutrients
are widely assessed in validation studies due to their impor-
tance in chronic nutritional deficiencies(1). Energy and
nutrients from dietary supplements were excluded. Food
groups were estimated by converting daily portion sizes

reported of each food item into grams and combining indi-
vidual items into the eleven FFQ food groups (described
above).

Characteristics of the participants
Participants were described according to sex (female,
male), current marital status (single, married), employment
status (employed, unemployed), education (years of com-
pleted formal schooling) and current smoking habit (no,
yes). These data were obtained via questionnaires applied
during the cohort’s 22-year follow-up(11). Nutritional status
was classified by the cut-offs of BMI (kg/m2): underweight
(<18·5), normal weight (18·5–24·9), overweight (25–29·9)
and obese (≥30). BMI was calculated using the weight
measured to the nearest 0·1 kg (using an electronic digital
scale coupled with the BOD POD system; COSMED) di-
vided by the height measured to the nearest 0·1 com (using
a portable stadiometer; C.M.S. Weighting Equipment Ltd).

Statistical analyses
Crude medians (interquartile ranges, IQR) of energy,
nutrients and food groups (in grams) were estimated
for FFQ as was the average of the two 24HR. To compare
the dietary estimates betweenmethods, test comparisons
were conducted using the Wilcoxon rank test, consider-
ing that most nutrient and food group distributions were
skewed. The relative difference between daily intake
according to FFQ and the average of the two 24HR for
energy, nutrients and food groups was estimated accord-
ing to the formula: ((FFQ – 24HR)/24HR) × 100.

Data were transformed (log10) to optimise distribution
normality. Nutrient intakes were energy-adjusted using
Willet’s residual method(1). To correct for within-individual
errors in the measurement of the average of two 24HR,
which tends to reduce correlation coefficients towards
zero, the correlation coefficient found was multiplied by
the de-attenuation factor 1þ �2

w=�
2
b

� �
=n

� �
0�5, where �2

w is
within-individual variance, �2b is between-individual vari-
ance and n represents the number of replicate measure-
ments (N 2)(1). Within- and between-individual variance
components were determined by a random-effects model
with recorded intake as a dependent variable and subject
identification number as an independent variable(21). The
corrections of between- and within-individual variances
are presented as de-attenuated correlation values.

Pearson correlation coefficients and Lin’s concordance
correlation coefficients of log-transformed crude and energy-
adjusted nutrient intakes were calculated. Person correlation
coefficient is a measure of linear relation between two var-
iables, without specifying any degree of correspondence
between the two sets of values(22). Lin’s concordance coef-
ficient is devised to provide a measure of reliability that is
based on covariation and correspondence. It takes into
account bias, the element that distinguishes agreement
from correlation, that is, a good agreement (reproducibility)
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not only requires good correlation, it also requires small
bias(23). The following cut-offs were applied to interpret
Pearson correlation coefficients: <0·30 (low), 0·3–0·5
(moderate), 0·51–0·7 (good), 0·71–0·9 (very good) and
0·9–1·0 (high)(8).

Energy, nutrient and food group quartiles were calcu-
lated, and the degree of gross misclassification in the
FFQ in relation to the average of two 24HR was evaluated
using contingency tables, including weighted κ to test
whether the FFQ ranked participants according to the mag-
nitude of food groups and nutrient intakes by comparison
with the mean of two 24HR. The proportions of individuals
who were classified correctly within the same quartile or
opposite quartile (lowest quartile according to one dietary
method and the highest quartile according to the other)
were determined. Weighted Kappa (κ) statistics were cal-
culated to quantify the agreement of energy-adjusted
nutrient intakes, and food group quartiles as measured
by the FFQ and two 24HR. The following κ interpretation
proposed by Landis & Koch(24) was applied: 0·0–0·20
(slight), 0·21–0·40 (fair), 0·41–0·60 (moderate), 0·61–0·80
(substantial) and 0·81–1·0 (almost perfect).

Bland–Altman analysis was performed to provide a vis-
ual inspection of the systematic difference between meth-
ods. We plotted the differences of estimated energy and
nutrients between FFQ and the average of two 24HR
against the means of energy and nutrient estimates in both
methods. The plots include lines for the mean difference
and the so-called ‘limits of agreement’, defined as mean
± 1·96 SD of the mean. Graphs for energy and macronu-
trients, dietary fibre, Na, Fe and Ca are presented.

We performed further analyses of participants included
in the sub-sample and those in the main cohort using
the t test and χ2 test of proportions for selected socio-
demographic variables (sex, schooling, total monthly
family income, nutritional status and smoking status) with
the aim of ruling out possible selection bias.

All statistical analyses were performed using STATA 15.0
(StataCorp).

Results

Of the 301 participants who answered in-person 24HR, 257
answered the second recall by telephone. The forty-four
losses (15 %) registered in the second recall were due to
loss of contact (did not answer telephone calls). Also, three
subjects were excluded due to an unusual diet – two of
them reported a very restrictive diet with only one type
of food (red meat) consumed throughout the day, and
the other subject was sick the previous day and only ate
soup. Thus, 254 subjects were considered for the validation
study.

Of the 254 participants in the validation study, 50 %were
women, and 67 % were white. Eighty-three percentage
were single, 38 % had ≥12 years of schooling, 12 % were

smokers, 67 % were employed and median monthly family
income was $US 672·3 (IQR 392.1, 1·036.4). According to
BMI, 4 % were underweight, 50 % had an adequate weight,
and 30 and 15 % were overweight and obese, respectively.
When comparing validation study participants with non-
participants, statistically significant differences were observed
for schooling and smoking status. A higher percentage of
participants had ≥12 years of schooling (38 v. 29%) and a
lower percentage were smokers (12 v. 17%) (P< 0·05) (data
not shown).

Table 1 shows the median and IQR of crude energy and
nutrient intakes estimated from the FFQ and the average
of two 24HR. Total energy intake as estimated by the
FFQ was 4·9 % higher compared with the average of two
24HR. The percentage differences in estimated intakes of
carbohydrate (9·1 %) and protein (8·7 %) were higher for
the FFQ, while total lipids were 4·0 % lower compared with
the average of two 24HR. Dietary fibre, cholesterol and
selectedmicronutrients (Ca, Fe, thiamine, riboflavin, vita-
min C) had the highest and positive percentage differences
(ranging from 18·9 to 30·1 %), and saturated fat, niacin and
monounsaturated fat had the lowest and positive percentage
differences (11·0, 8·9 and 1·1 %, respectively). Polyun-
saturated fat and Na had negative percentage differences
in estimated intake based on the FFQ compared with the
average of two 24HR.

After correcting for within-person variation, the
de-attenuated Pearson correlation coefficients were slightly
higher than the energy-adjusted values, ranging from
0·21 to 0·66. The lowest coefficients found were 0·23 for
polyunsaturated fat and 0·21 for saturated fat (Table 2).
The highest coefficients (>0·40) were found for carbohy-
drates, protein, dietary fibre, Ca and niacin.

Lin’s concordance correlation coefficient ranged from
0·16 to 0·34, 0·10 to 0·40, and 0·11 to 0·48 for crude,
energy-adjusted and de-attenuated nutrient intakes, respec-
tively. Overall, concordance coefficient decreased with
adjustment for energy intake, but a slight increase was
observed after de-attenuation analysis. The highest coef-
ficients were for Ca (0·48), niacin (0·32), Na (0·29), vita-
min C (0·28) and riboflavin (0·25) in comparison with the
rest of the nutrients. The highest decrease in concordance
coefficient from crude, energy adjustment and de-attenuation
analyses was found for dietary fibre (0·32 v. 0·10 v. 0·11,
respectively) (Table 2).

Bland–Altman plots confirmed a general overestimation
of nutrient intake by the FFQ compared with the average of
two 24HR (except for Na that is slightly underestimated),
and no systematic variation in agreement between FFQ
and 24HR was observed (Figs 1 and 2).

Between 38·0 and 60·3 % of participants in the FFQ
were classified in the same quartile as the average of two
24HR. Overall, the agreement of quartiles was 60 % for
most nutrients. Weighted κ coefficient was higher for Ca
(0·51), riboflavin (0·39), dietary fibre (0·38), protein (0·35)
and carbohydrate (0·30) (Table 2).
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The grams per day of food groups estimated by FFQ
and the average of two 24HR did not differ for rice, cer-
eals, and meat and eggs. The highest differences were
found for sweets and candies (+94·6 %), fish and seafood
(−90·1 %), fruit (+46·7 %), vegetables (+41·5 %) and fats
(−39·9 %). Between 30·2 and 62·5 % of the subjects were

classified in the same quartile of estimated grams of food
group intakes, with the agreement of quartiles ranging
from 52·6 to 74·0 %. Weighted κ coefficient was higher
for beans and legumes (0·50), milk and dairy products
(0·49), rice (0·40), beverages (0·32) and meat and eggs
(0·27). The lowest κ was for fats (0·06) (Table 3).

Table 1 Energy and nutrients estimated by FFQ and two 24-h recalls (24HR) (n 254)*

Nutrients

FFQ Two 24HR

P†
Relative

difference‡ IQRMedian IQR Median IQR

Energy (kJ) 9435 6627, 13405 8715 6724, 11970 0·008 4·9 −22·2, 57·4
Carbohydrates (g/d) 314·0 221·8, 463·8 285·2 218·2, 395·4 0·009 9·1 −27·5, 63·3
Protein (g/d) 87·5 64·1, 125·9 78·3 57·2, 105·0 <0·001 8·7 −15·8, 73·1
Total lipids (g/d) 66·5 48·1, 99·3 67·8 47·8, 94·6 0·3 −4·0 −27·8, 56·1
Saturated (g/d) 24·8 17·6, 38·9 22·3 15·8, 30·9 0·001 11·0 −20·1, 80·1
Monounsaturated (g/d) 22·5 15·9, 33·5 22·0 16·0, 30·9 0·05 1·1 −27·1, 64·2
Polyunsaturated (g/d) 11·8 8·7, 18·4 14·6 11·3, 20·2 0·001 −19·6 −42·7, 32·2
Dietary fibre (g/d) 25·8 15·9, 41·2 22·6 15·1, 33·7 <0·001 18·7 −26·1, 94·6
Ca (mg/d) 629·9 406·7, 1043·0 529·1 277·8, 769·7 <0·001 30·1 −17·6, 119·0
Fe (mg/d) 9·3 6·8, 14·1 8·0 5·8, 11·2 <0·001 18·9 −15·0, 85·2
Thiamine (mg/d) 1·5 1·0, 2·5 1·1 0·7, 1·6 <0·001 35·6 −9·5, 125·0
Riboflavin (mg/d) 1·5 1·0, 2·4 1·2 0·8, 1·8 <0·001 20·8 −14·7, 115·4
Niacin (mg/d) 15·4 11·2, 25·1 14·7 10·4, 22·5 0·04 8·9 −31·9, 75·2
Vitamin C (mg/d) 133·8 77·8, 220·5 110·2 41·2, 198·9 0·01 21·1 −37·5, 212·8
Na (mg/d) 1516·3 1073·3, 2103·5 1737·3 1247·3, 2492·9 0·002 −13·2 −46·7, 34·7
Cholesterol (mg/d) 259·9 181·2, 423·7 200·8 135·6, 316·8 <0·001 29·4 −16·9, 127·7

IQR, interquartile ranges.
*Sub-study nested within the 22 years follow-up (2015) of the 1993 Pelotas Birth Cohort Study.
†P-values refer to Wilcoxon sign-rank test.
‡Relative difference = ((FFQ – 24HR)/24HR)× 100.

Table 2 Pearson correlations, Lin’s concordance coefficients, agreement of quartiles and weighted κ of energy and nutrients estimated by
FFQ and two 24-h recalls (24HR) (n 254)*

Nutrients

Pearson correlation coefficient
Lin’s concordance correlation

coefficient Classification (%)

Agreement of
quartiles (%)**

Weighted
κCrude†

Energy-
adjusted‡

De-
attenuated§ Crude†

Energy-
adjusted‡

De-
attenuated§

Same
quartile‖

Opposite
quartile¶

Energy (kJ) 0.25 – – 0.23 – – 41.3 12.7 65.9 0.26
Carbohydrates (g) 0·24 0·34 0·41 0·23 0·16 0·19 39·7 19·1 67·7 0·30
Protein (g) 0·35 0·34 0·41 0·32 0·18 0·22 49·2 6·4 69·8 0·35
Total lipids (g) 0·22 0·23 0·28 0·21 0·15 0·18 38·1 17·5 62·2 0·15
Saturated (g) 0·20 0·19 0·23 0·19 0·15 0·18 42·2 15·6 65·9 0·26
Monounsaturated (g) 0·21 0·25 0·29 0·20 0·18 0·21 38·1 15·6 67·3 0·18
Polyunsaturated (g) 0·20 0·19 0·21 0·19 0·18 0·20 42·9 18·7 65·4 0·14
Dietary fibre (g) 0·33 0·41 0·45 0·32 0·10 0·11 41·3 11·1 69·8 0·38
Ca (mg) 0·34 0·55 0·66 0·31 0·40 0·48 60·3 6·4 74·3 0·51
Fe (mg) 0·22 0·29 0·35 0·20 0·12 0·14 34·9 11·1 65·8 0·25
Thiamine (mg) 0·28 0·34 0·37 0·24 0·20 0·22 39·7 17·5 64·0 0·20
Riboflavin (mg) 0·35 0·29 0·32 0·24 0·23 0·25 52·4 4·8 69·8 0·39
Niacin (mg) 0·35 0·37 0·41 0·34 0·29 0·32 39·7 15·9 66·9 0·29
Vitamin C (mg) 0·18 0·30 0·36 0·16 0·23 0·28 42·9 7·9 68·0 0·30
Na (mg) 0·24 0·30 0·33 0·24 0·26 0·29 38·1 17·5 66·1 0·27
Cholesterol (mg) 0·33 0·35 0·39 0·30 0·21 0·23 36·5 12·7 65·6 0·24

*Sub-study nested within the 22 years follow-up (2015) of the 1993 Pelotas Birth Cohort Study.
†Energy and nutrients log-transformed.
‡Nutrients log-transformed and adjusted for total energy intake.
§Nutrients log-transformed, adjusted for total energy intake and de-attenuated.
‖Proportion of participants classified in the highest quartile in both methods.
¶Proportion of participants classified in the lowest FFQ quartile and in the highest 24HR quartile.
**Observed agreement between methods in the κ analysis.
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Discussion

Our results indicated an acceptable relative validity of the
computer-based, semi-quantitative FFQ comparedwith the
average of two 24HR among the urban young adults from
a birth cohort study in Pelotas, southern Brazil. The FFQ
overestimated the consumption of energy and the majority of
nutrients compared with the two 24HR. Lin’s concordance
coefficients were lower than Pearson correlation coeffi-
cients, and they tended to reduce after energy adjustment
and de-attenuation. Ca and niacin were the best estimated
nutrients. The estimated consumption (in grams) of rice, cer-
eals, and meat and eggs did not differ between methods.
The ability to rank participants according to quartiles of intake
between instruments varied from fair to moderate(24).

An FFQ generally overestimates intakes of food groups
in relation to 24HR(25). In the case of fruits and vegetables,
we believe that individuals overreported their consump-
tion owing to several food items in the FFQ, thus overlap-
ping their frequency of consumption. Regarding fish and
seafood products, the observed overestimation by the
FFQ reflects the usual consumption for a longer period
covered compared with the 24HR. It is possible that two
24HR alone might be insufficient to capture these products

because they are not part of daily eating habits of
the region under study(26). Although the 24HR protocol
aimed to predict consumption on fourweekdays (Monday–
Thursday), it may not be sufficient to capture day-to-day
variability. Brazilians usually increase the consumption of
unhealthy foods on weekends, including added sugar,
sweets and fats(27), which may also explain the differences
observed in the consumption of sweets and candies, and
fats. Similar results have been observed in protocols that
included weekends(6,7).

There is no consensus in the literature on the best
interpretation of cut-off points of correlation coefficients
between dietary instruments. Previous studies have observed
low to moderate Pearson correlation coefficients (energy-
adjusted and de-attenuated) for most nutrients, and the
instruments were considered satisfactory(6,28). In our study,
Pearson correlation coefficients were moderate for carbo-
hydrates, protein, dietary fibre, Ca, Fe, thiamine, riboflavin,
niacin, vitamin C, Na and cholesterol. Most correlation
coefficients for nutrients increased after adjustment for
energy and de-attenuation, which may be because the
total amount of nutrients is dependent on the total energy
intake.Moreover, the intake of vitamins andminerals showed
a higher day-to-day variability, possibly indicating that

Fig. 1 (colour online) Bland–Altman plot: comparisons of concordance of energy, carbohydrates, protein and total lipid intakes evalu-
ated by FFQ and average of two 24HR (24-h recalls) after natural log transformation (n 254)
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some micronutrients depend on the quantity of intake of
food sources (e.g., daily consumption of milk, dairy prod-
ucts and fruit affects the intake of Ca and other vitamins).

Despite the correlation coefficients being similar to
those observed in the literature, the energy-adjusted and
de-attenuated Lin’s concordance correlation coefficients
between instruments were only >0·30 for Ca and niacin.
Our analyses based on quartiles showed that all nutrients
and most food groups presented at least 60 % of agreement
between quartiles. The weighted κ was moderate for Ca
(0·51), beans and legumes (0·50) and milk and dairies
(0·49). For the majority of nutrients and food groups, the con-
cordance varied from0·21 to 0·40. Although the ability to rank
habitual consumption was fair, our FFQ showed a mod-
erate agreement with selected nutrients and food groups.

Previous studies have tested agreement between web-
based FFQ against 24HR(6,29). A 279-item FFQ was tested
against four non-consecutive 24HR with ninety-two
Norwegian adults of both sexes. The authors assessed
cross-classification between quartiles and observed that
the proportion of individuals being correctly classified in
the same quartile ranged from 33 to 46 % for nutrients,
and from 33 to 54 % for food groups(29). In another
web-based FFQ answered by 124 adolescents aged

12–15 years from the Danish National Birth Cohort, the
relative validity was tested against three 24HR(6). In that
study, the authors observed a lower ability to rank par-
ticipants in the same quartiles and a lower weighted κ.
The proportion of individuals being correctly classified
in the same quartiles ranged from 23 to 46%, and the highest
weighted κ observed was for dairy products (0·43). In line
with these findings, our study showed comparable results
in terms of cross-classification and weighted κ values.

Themain limitation of our study is the use of relative val-
idation using dietary recalls as a reference method. Both
FFQ and 24HR rely on memory and are subject to under-
and overreporting. Besides, due to logistic reasons and lim-
ited financial resources, the validation protocol considered
only two weekdays for 24HR, resulting in weekends being
excluded, and accounted for low seasonality, which may
have limited the variability in estimated dietary food
intakes. Also, we did not have a biological marker available
to apply in the validation of dietary intakes, whereby the
inclusion of a biological marker would show independent
errors compared with traditional dietary methods. So far, a
biochemical analysis for this purpose has not been fore-
seen in the current cohort follow-up. On the other hand,
multiple 24HR or food diaries is a widely used approach

Fig. 2 (colour online) Bland–Altman plot: comparisons of concordance of fibre, sodium, calcium and iron intakes evaluated by FFQ
and two 24HR (24-h recalls) after natural log transformation (n 254)
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applied to FFQ validation. In addition, our sample had a
higher proportion of non-smokers and individuals with
higher education compared with the entire cohort, which
could have overestimated our results.

The main strengths of the current study are the use of
standard and quality control procedures and the applica-
tion of appropriate statistical procedures for the evaluation
of agreement between methods, such as the concordance
correlation coefficient and weighted κ. All the research
assistants involved in the protocol received training specific
to the study, and all steps were undertaken using standard
protocols (e.g., revision of all 24HR, double data entry, use
of standardised food composition to estimate nutrients in
both dietary methods) to minimise errors. This FFQ was
applied to identify dietary patterns in previous cohort
follow-ups when participants were 15 and 18 years of
age, and the FFQ provided relevant findings on dietary
patterns that were associated with body composition(30),
number of siblings(31) and blood lipids(32).

Conclusion

Our results indicated a moderate agreement of intake, at
the food group level, of carbohydrates, protein, dietary
fibre, Ca, riboflavin and vitamin C, rice, beans and legumes,
milk and dairies, and beverages between the computer-
based FFQ and the average of two 24HR in a young adult
population living in the city of Pelotas, Brazil. Future
validation studies might consider using multiple 24HR to
capture variability and seasonality of dietary intakes, as
well as dietary biological markers as a reference method.
In addition, based on our experience, it is recommended
that participants of validation studies be thoroughly edu-
cated on the objectives of the study and be sensitised on
the importance of the quality of information solicited.
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