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Abstract

The objective of this study was to estimate the
regressions calibration for the dietary data that
were measured using the quantitative food fre-
quency questionnaire (QFFQ) in the Natural His-
tory of HPV Infection in Men: the HIM Study in
Brazil. A sample of 98 individuals from the HIM
study answered one QFFQ and three 24-hour re-
calls (24HR) at interviews. The calibration was
performed using linear regression analysis in
which the 24HR was the dependent variable and
the QFFQ was the independent variable. Age,
body mass index, physical activity, income and
schooling were used as adjustment variables in
the models. The geometric means between the
24HR and the calibration-corrected QFFQ were
statistically equal. The dispersion graphs between
the instruments demonstrate increased correla-
tion after making the correction, although there
is greater dispersion of the points with worse ex-
planatory power of the models. Identification of
the regressions calibration for the dietary data of
the HIM study will make it possible to estimate
the effect of the diet on HPV infection, corrected
for the measurement error of the QFFQ.
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Introduction

Quantitative food frequency questionnaires
(QFFQ) are one of the most commonly used
methods for evaluating habitual dietary intake in
large-scale epidemiological studies, given their
low cost and ease of application 1.2. However,
the errors present in the measurements of the
questionnaire may attenuate the estimates of the
relative risks that are found, and thus diminish
the statistical power of studies evaluating the re-
lationship between diet and disease 2.3.

Knowing that error is inherent in food intake
measurements, methodological strategies have
been developed in an attempt to make the mea-
surements obtained through the QFFQ closer
to the quantities actually consumed, which are
estimated through reference methods that are
supposedly error-free 45. This methodology is
called calibration and it basically can be seen as a
scale adjustment to the questionnaire measure-
ments 6. Among parametric methods, calibra-
tion by means of linear regression is considered
to be the standard 7. Through this methodology,
the consumption measured using the reference
method is modeled as a function of the QFFQ
measurement 3.7. The linear regression mod-
els obtained through calibration studies can
be used to estimate food intake that is closer
to reality, taking the QFFQ values as the basis 8.

Twenty-four-hours recall (24HR) is the pri-
mary instrument used in dietary surveillance 9
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and is commonly used as the reference method
in calibration studies. When it is assumed that
the random errors in the questionnaire and in
the reference method are independent from each
other [Cov(eg £q) = 0], it is not expected that the
errors in the reference method will cause errone-
ous estimates for calibration coefficients 10. How-
ever, studies have shown that energy intake on
these self-reported instruments is underreported
and this fact appears to be selective according to
personal characteristics 9,11,12,13,

The Natural History of HPV Infection in Men
study (the HIM Study) is a prospective multi-
center cohort study that analyzes, among other
factors, participants’ diets by seeking to identify
nutrients and/or foods that are involved in the
evolution of human papillomavirus (HPV) infec-
tion in men and in the development of diseases
related to HPV. The QFFQ was the method cho-
sen for measuring the food intake of the Brazilian
population of the HIM study.

This study aimed to estimate the regressions
calibration for the QFFQ used in the HIM study in
Brazil through multiple linear regression models,
taking three 24HR as the reference. As part of the
objective, the effect of calibration was verified by
comparing the calibrated data of QFFQ with the
reference method.

Methods
Study population

The design of the HIM study, funded by the Na-
tional Institutes of Health (NIH), was presented
in a more detailed manner in a previous pa-
per 14. For the HIM study, conducted from 2005 to
2013, around 1,427 men from Tampa, USA; 1,429
from Cuernavaca, Mexico and 1,443 from Sao
Paulo, Brazil, aged between 18 and 70 years were
selected using convenience sampling.

Out of the 153 participants who performed
the visit between January and September 2007
for the Brazilian cohort, the first 120 individuals
who agreed to participate in the calibration study
comprised the sub-sample. Individuals with en-
ergy consumption less than 500kcal or greater
than 4,000kcal were excluded and thus 98 men
were included in the sub-sample for the calibra-
tion study 16.

Assessment of food consumption

The sub-sample answered one 24HR and one
QFFQ in the baseline. After six months another
24HR and QFFQ was answered. One year later
than the first interview the participants answered
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alast 24HR and QFFQ, all of them by personal in-
terview. This study used three 24HR and the last
QFFQ. The dietary methods were completed on
the same day, the QFFQ first and then the 24HR 17.
The interviews last for approximately 35-45 min-
utes per person. For each dietary method, a manu-
al of standardized procedures was developed.

e QFFQ: test method

The methodology for developing the QFFQ that
was used in the HIM study in Brazil is available in
a previously published paper 18. This question-
naire was developed based on the dietary intake
of a representative sample in the city of Sao Pau-
lo that had been identified in a population-base
study 19. In the HIM study in Brazil, the question-
naires were answered during an interview and, for
each of the 54 food items listed, the participants
indicated their frequency of consumption (from
0-10 times a day, week, month or year) and the
portion consumed (small, medium, large or extra
large). A spreadsheet containing the nutritional
composition of each food item, created using
the Nutrition Data System for Research (NDSR)
software, 2007 version (University of Minnesota,
Minneapolis, USA), was used for calculating the
energy and nutrient intake.

e 24HR: reference method

The three 24HR were answered by means of face-
to-face interviews, using a standard form that
was filled out using the multiple-pass method
20,21, This method consists of three elements:
rapid listing, detailed description and review. In
the HIM study in Brazil, the subjects were asked
to describe all the foods and drinks consumed
during the preceding day, from the first to the
last item consumed before going to bed. After the
foods consumed had been reported, the subjects
were asked about the times and quantities. The
data were critically reviewed by a nutritionist
and undergraduate nutrition students in order to
identify any discrepancies related to the descrip-
tions of the foods or preparations consumed, or
their portioning and quantification. The energy
and nutrient intakes were calculated using the
NDSR software. The distribution of the con-
sumption was adjusted for within-person vari-
ability (deattenuation) by means of the method
proposed by Iowa State University, using the
PC-SIDE software (personal computer version of
the Software for Intake Distribution Estimation,
version 1.0, Department of Statistics, Iowa State
University, Ames, USA).



Variables tested in the linear
regression models

It is well accepted that some personal charac-
teristics have influence in the report of dietary
intake 9,11,12,13, In this study there was an attempt
to minimize these effects with the inclusion of
socio-demographic variables in the models. The
variables tested as adjustments in the multiple
linear regression models that were developed for
energy and each of the nutrients were: body mass
index (BMI; calculated as the weight in kilograms
divided by the square of the height in meters);
age (years); income, schooling and physical ac-
tivity (categorized).

BMI and age were tested in the regression
models as continuous quantitative variables. In-
come and schooling were transformed into di-
chotomous variables. Income was categorized as
“0” when the total family income was less than $
1,608 and “1” when greater than or equal to this
value. The variable schooling was categorized as
“0” when the participant had less than 12 years
of study and “1” when greater than or equal to
this value.

The study participants answered the Inter-
national Physical Activity Questionnaire (IPAQ;
short version) 22. From the data thus obtained,

” o«

they were classified as “sedentary”, “insufficiently
active B”, “insufficiently active A”, “active” or “very
active” 23.

To the physical activity variable were created
two dummy variables. Physical activity I rep-
resenting the active level of physical activity in
relation to sedentary/insufficiently active A and
B and physical activity II representing the very
active level of physical activity in relation to sed-
entary/insufficiently active A and B.

Statistical analysis

e Linear regression models

The data on the nutrients measured by the QFFQ
and 24HR were transformed into natural loga-
rithms and adjustments for energy were made
using the residuals method 24.

Taking € R to be the independent random
errors presented by the QFFQ measurements (Q)
and assuming a linear relationship between the
questionnaire measurements and the true intake
levels (24HR), an estimate was made for the intake
level predicted by the reference measurement in
relation to the measurement QFFQ (E[ R|Q ]),
in which R was the dependent variable (Y) and Q
was the independent variable (X) 10.

CALIBRATION OF THE BRAZILIAN DIETARY DATA OF THE HIM STUDY

Y=0,+X+¢&; (1)
Y=p,+p X )
R=4,+p0 3)

A

[, , which is the slope of the straight line
estimated from the regression analysis, is called
the calibration coefficient and is known as 1. The
literature suggests that calibration using linear
regression models should be done with adjust-
ments for possible variables (C ;) that would in-
fluence the R measurements 9,11,12,13,

R=B,+10+BC, 4)

In this study, the variables of BMI, age, in-
come, schooling and physical activity were se-
lected to be tested in the multiple models. For
energy and each nutrient within the R measure-
ment, univariate linear regression analysis was
performed and, from the above variables, the
ones that presented p < 0.20 in the multiple mod-
els were selected. Next, a regression function be-
tween the R and Q measurements was produced
and the selected variables were included in mul-
tiple models.

Interactions between the variables that re-
mained in the final model were tested, but no
significant interaction was observed. The as-
sumed linear relationship between the variables
was evaluated by means of the graphs on the re-
siduals, and these showed that the models were
adequate.

The QFFQ data were calibrated using the
equations estimated from the regression analy-
ses. The geometric means and respective 95%
confidence intervals (95%CI) were calculated for
the QFFQ data after adjustment for energy and
after calibration. Likewise, they were calculated
for the 24HR after deattenuation and adjust-
ment for energy. The Mann-Whitney U test was
used to identify differences between the means
of the 24HR and of the QFFQ calibrated and non-
calibrated.

Dispersion graphs between the 24HR and
QFFQ measurements corrected by the calibra-
tion were produced in order to assess whether
there was any increase in the correlation between
the instruments, with regard to protein, thiamin
and phosphorous. These nutrients were chosen
because of the increase in statistical power ob-
served with the inclusion of adjustment variables
in the multiple models used for the calibration.

P values < 0.05 were considered statistically
significant, and all analyses were performed us-
ing the Stata software release 10 (Stata Corp., Col-
lege Station, USA).
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Ethical issues

This study was approved by the Research Eth-
ics Committees of the Reference and Training
Center in Sexually Transmitted Diseases and in
Acquired Immune Deficiency Syndrome (CRT-
DST/AIDS) and of the School of Public Health of
the University of Sao Paulo. Participation in the
study was conditional on signing the free and
informed consent statement.

Results

Representativeness and characterization
of the sample

The participants in the calibration study pre-
sented characteristics that resembled those of
the participants in the Brazilian cohort. There
were no differences between the groups regard-
ing age. Within the subsample, the mean age was
35.8 + 10.0 years, compared with 37.7 + 11.9 for
the sample of the whole cohort (p = 0.27). The
BMIwas similar between the groups, with amean
of 25.6 + 4.4kg/mz2 for the subsample and a mean
0f26.1 + 3.6kg/m2 for the whole cohort (p =0.10).
The participants in the subsample and whole co-
hort presented equivalent schooling and income
levels (p = 0.84 and p = 0.54, respectively). This
group had a mean BMI indicating overweight
and most had attended school for more than 12
years and had a family income of between R$
1,001 and R$ 3,000 (between US$ 543 and US$
1,627) per month. In relation to levels of physical
activity, 52.2% of participants were considered
active, 33.7% sedentary, insufficiently active B or
A, and 14.1% very active.

Calibration of the nutrient intake data

The regression coefficients (é1)’ in simple linear
regression analysis, ranged from 0.06 for total fat
to 0.45 for fiber. In the regressions calibration, the
variable of income was the one associated with
the greatest number of nutrients, followed by
physical activity and age. The power of the mul-
tiple models (R2a) ranged from 0.02 for mono-
unsaturated and polyunsaturated fat to 0.33 for
phosphorous and these models presented better
explanatory power in relation to simple analyses
(Table 1).

The geometric means and 95%CI for energy
and nutrients measured using 24HR and QFFQ
are presented in Table 2. Comparing the data
from the 24HR (deattenuated and adjusted for
energy) with the data from the QFFQ (adjusted
for energy), the means are statistically equal for
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saturated fat, trans fat, cholesterol, vitamin C and
calcium. The geometric means for the deattenu-
ated and energy-adjusted 24HR measurements
and for the calibration-corrected QFFQ measure-
ments were statistically equal for energy and all
the nutrients studied.

The dispersion graphs (Figure 1) between the
QFFQ and 24HR values demonstrate increased
correlation between the instruments after mak-
ing the correction for the data calibration, al-
though there is greater dispersion of the points
with worse explanatory power of the multiple
linear regression models (R2a).

Discussion

The HIM study is the first cohort study in Brazil
for which regressions calibration were calculat-
ed to enable correction of the estimated effect
measurements. Although there is debate in the
current literature regarding the performance of
the food frequency questionnaire 252627, thereby
indicating that calibration studies are needed,
studies using calibration methodology are not
common. The stimulus for conducting calibra-
tion studies is that they generate deattenuation
factors for the relative risk (RR) estimates that are
found in studies evaluating the relationship be-
tween diet and disease 25, particularly in the case
of questionnaires that have been developed and
are being used for the first time, as is the case of
the Brazilian QFFQ of the HIM study 28.

The models for calibrating the QFFQ for use
in the HIM study in Brazil were estimated by
means of multiple linear regression, in which re-
gression was performed on three 24HR as a func-
tion of QFFQ and specific adjustment variable
for each nutrient. According to Rosner et al. 3,
the ideal would be for the intercepts (BO) to be
close to zero and for the straight-line slope (Bl)
to be close to one, in order to be able to affirm
that bias was absent from the questionnaire.
Since bias is known to be present in the ques-
tionnaire, the straight-line slope of the regres-
sion is, in practice, less than one. It was observed
that the slopes of the straight lines estimated by
the simple linear regression in the Brazilian HIM
study were between 0.06 for total fat and 0.45 for
fibers. Similar intercept values were observed by
other authors in international cohort studies, in
relation to calcium, iron and fiber, although for
the other nutrients, the values obtained in these
studies were closer to one. In the European Pro-
spective Investigation into Cancer and Nutrition
(EPIC), the values of the calibration coefficients
ranged from 0.30 to 0.59 for Swiss men and from
0.23 to 0.56 for Norwegian women, for the same



Table 1

CALIBRATION OF THE BRAZILIAN DIETARY DATA OF THE HIM STUDY

Simple and multiple linear regression models considered for calibrating the quantitative food frequency questionnaire (QFFQ) data. Natural History of HPV
Infection in Men: the HIM Study, Brazil, 2007-2008.

Simple linear regression

Multiple linear regression: regression calibration

Bq (95%Cl), p-value* R2 A (95%Cl),in B, Income Physical Physical Age Schooling BMI p-value * R2a
in log, log, adjusted activity | activity (years) (kg/m?2)
adjusted by by energy 1l
energy

Energy (kcal) 0.28 0.00 0.16 0.21 6.46 * - 0.08 0.06 - - -0.014* 0.00 0.24

(0.15; 0.41) (0.08; 0.34)
Nutrients

Protein (g) 0.15 0.01 0.07 0.17 3.92* 0.02* - - -0.003* -0.04* - 0.00 0.24
(0.04; 0.26) (0.07; 0.27)

Carbohydrate (g) 0.25 0.00 0.09 0.20 4.50* -0.01 - - 0.002 * -0.04 - 0.00 0.15
(0.09; 0.41) (0.03; 0.37)

Dietary Fiber (g) 0.45 0.00 0.19 0.45 1.55* - - - - - - 0.00 0.19
(0.26; 0.63) (0.26; 0.63)

Total fat (g) 0.06 0.49 0.00 0.03 4.27 * - 0.17 0.07 * - 0.04 - 0.09 0.05
(-0.10; 0.21) (-0.14; 0.21)

Saturated fat (g) 0.18 0.03 0.05 0.18 2.75* - - - - - - 0.03  0.05
(0.02; 0.34) (0.02; 0.34)

Monounsaturated fat (g) 0.10 0.15 0.02 0.10 3.06 * - - - - - - 0.15 0.02
(-0.04; 0.23) (-0.04; 0.23)

Polyunsaturated fat (g) 0.21 0.13 0.02 0.21 2.38* - - - - - - 0.13  0.02
(-0.06; 0.48) (-0.06; 0.48)

Trans fat (g) 0.15 0.05 0.04 0.19 0.10* - 0.04 0.17 - - - 0.05 0.05
(-0.00; 0.30) (0.01; 0.37)

Cholesterol (mg) 0.13 0.01 0.07 0.10 5.22* 0.04* - - -0.005 * - - 0.00 0.13
(0.03; 0.23) (-0.00; 0.20)

Vitamin A (IU) 0.20 0.00 0.10 0.16 7.13* 0.09* - - 0.003 - - 0.00 0.17
(0.08; 0.31) (0.04; 0.28)

Thiamin (mg) 0.16 0.09 0.03 0.19 0.41* - 0.02 -0.09* - - 0.005 * 0.00 0.14
(-0.03; 0.35) (0.00; 0.37)

Riboflavin (mg) 0.30 0.00 0.18 0.30 0.46 * - - - - - - 0.00 0.18
(0.17;0.43) (0.17;0.43)

Niacin (mg) 0.17 0.01 0.06 0.17 2.61* - - - - - - 0.01 0.06
(0.03; 0.31) (0.03; 0.31)

Folate (mg) 0.28 0.00 0.13 0.24 4.86 * - - - - -0.05 - 0.00 0.13
(0.13;0.43) (0.09; 0.39)

Vitamin C (mg) 0.31 0.00 0.1 0.25 3.10* 0.13* 0.20 0.17 - - - 0.00 0.14
(0.13; 0.48) (0.05; 0.45)

Vitamin E (mg) 0.31 0.00 0.10 0.31 1.45* - - - - - - 0.00 0.10
(0.12; 0.50) (0.12; 0.50)

Calcium (mg) 0.43 (0.30; 0.00 0.32 0.43 3.83* - - - - - - 0.00 0.32
0.55) (0.30; 0.55)

Phosphorous (mg) 0.36 0.00 0.25 0.35 480* 0.02* - - -0.003 * - - 0.00 0.33
(0.24; 0.49) (0.21; 0.48)

Iron (mg) 0.40 0.00 0.16 0.37 1.92* - 0.02 -0.10* - - - 0.00 0.21
(0.22; 0.58) (0.18; 0.56)

95%Cl: 95% confidence interval; BMI: body mass index; log: natural logarithm.

* p < 0.05: the variable is statistically significant.
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Table 2

Geometric means and 95% confidence interval (95%Cl) for quantitative food frequency questionnaire (QFFQ) and 24-hours recall (24HR) values with the
deattenuated nutrient data, adjusted for energy and after correction by the calibration. Natural History of HPV Infection in Men: the HIM Study, Brazil,
2007-2008.

24HR

Geometric means (95%IC)

QFFQ

Geometric means (95%Cl)

Deattenuated and Adjusted by energy p-value * Adjusted by energy p-value *
adjusted by energy and calibrated
Energy (kcal) 2,340.4 (2,235.2; 2,450.5) 2,111.8(1,976.4; 2,256.5) 0.02 2,350.2 (2,255.1; 2,449.3) 0.80
Nutrients
Protein (g) 96.6 (94.8; 98.4) 78.1 (75.5; 80.8) 0.00 96.4 (95.5; 97.3) 0.73
Carbohydrate (g) 288.6 (282.0; 295.4) 260.7 (253.4; 268.1) 0.00 289.2 (286.2; 292.3) 0.70
Dietary Fiber (g) 19.0 (18.0; 20.0) 22.9(21.7; 24.1) 0.00 19.0(18.6; 19.4) 0.81
Total fat (g) 85.7 (84.0; 87.5) 81.1(79.0; 83.2) 0.01 85.8(85.3; 86.3) 0.97
Saturated fat (g) 28.8 (28.0; 29.7) 28.0(27.0; 29.1) 0.33 28.8 (28.6; 29.0) 0.26
Monounsaturated fat (g) 29.4(28.8; 30.0) 27.9(27.0; 28.8) 0.03 29.4(29.3; 29.5) 0.78
Polyunsaturated fat (g) 19.8 (19.0; 20.5) 17.8(17.3; 18.3) 0.00 19.8 (19.6; 19.9) 0.81
Trans fat (g) 3.7(3.5; 3.9 3.9(3.7;4.2) 0.10 3.7 (3.6; 3.8) 0.59
Cholesterol (mg) 270.3 (257.3; 283.9) 229.4(207.9; 253.1) 0.06 267.0 (261.6; 272.6) 0.65
Vitamin A (IU) 6,386.1(5,948.4; 6,856.0) 8,583.3 (7,634.8; 9,649.6) 0.00 6,409.0 (6,197.2; 6,628.0) 0.97
Thiamin (mg) 1.9(1.8;1.9) 1.6 (1.5; 1.6) 0.00 1.9 (1.9; 1.9) 0.48
Riboflavin (mg) 1.9(1.8;1.9) 1.7 (1.6; 1.8) 0.00 1.9(1.8; 1.9) 0.77
Niacin (mg) 22.2(21.8;22.7) 18.1(17.5; 18.6) 0.00 22.2(22.1;22.4) 0.64
Folate (mg) 538.8 (524.1; 554.0) 394.2 (380.5; 408.4) 0.00 541.0 (535.2; 546.8) 0.57
Vitamin C (mg) 86.0(76.2; 97.0) 100.5 (88.1; 114.8) 0.07 85.9(81.1; 90.9) 0.83
Vitamin E (mg) 7.3(7.1,7.6) 5.8 (5.6; 6.0) 0.00 7.3(7.2,7.4) 0.76
Calcium (mg) 795.1(758.8; 833.1) 774.5(728.1-823.9) 0.41 795.9 (776.0; 816.4) 0.83
Phosphorous (mg) 1,327.0(1,297.9; 1,356.8) 1,232.7 (1,195.4;1,271.2) 0.00 1,325.3(1,307.7; 1,343.2) 0.83
Iron (mg) 17.8(17.4; 18.3) 13.4(13.0; 13.8) 0.00 17.8(17.6; 18.1) 0.96

* p < 0.05: there is difference between geometric means from 24HR and QFFQ.

nutrients investigated 29,30. Direct comparison of
the data obtained in calibration studies such as
the current study on the QFFQ for the HIM study
in Brazil, with data from previous investiga-
tions, should be done cautiously because of the
variations in the data analysis methodology. The
EPIC studies cited above used the same instru-
ment as the reference method (24HR), but the
number of repetitions, the sample sizes and the
nature of the population groups differed 29,30,31,

The models obtained in the multiple regres-
sion analyses can be applied to correct the RR
obtained in the main study 32. The observed at-
tenuation of the regression coefficients values
(B;) may have been a reflection of the presence of
random errors in the QFFQ measurements used
in the HIM study in Brazil 33. This attenuation
may also have occurred through violation of the
theoretical assumptions of the calibration meth-
od 16, For the calibration coefficients, considered
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in this study as the regressions calibration (the
complete model), to provide a valid correction of
the relative risk estimates, it needs to be assumed
that the errors in the reference method (in this
case, 24HR) and in the QFFQ are not correlated
3,29,32,34, However, the errors in the two instru-
ments probably do have a positive correlation,
and this causes diminishment of the correlation
coefficients 29. To estimate the regressions cali-
bration in the HIM study in Brazil, data from the
24HR and QFFQ were used with adjustments for
energy as a means of reducing the correlation be-
tween the errors 16,29,

When there is a strong correlation between
the consumption of a nutrient and energy, the
true relationship between this nutrient and a giv-
en disease cannot be identified from analysis of
the results obtained 35. The adjustment for energy
is made with the aim of estimating the consumed
quantity of a specific nutrient, independent of



Figure 1

CALIBRATION OF THE BRAZILIAN DIETARY DATA OF THE HIM STUDY

Dispersion graphs between the deattenuated energy-adjusted 24-hour recall (24HR) values and the energy-adjusted calibration-corrected quantitative food

frequency questionnaire (QFFQ) values, for protein, thiamin and phosphorous. Natural History of HPV Infection in Men: the HIM Study, Brazil, 2007-2008.
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the quantity of energy consumed. As expected,
after adjustment for energy in the present study;, it
was observed that there was no change in the geo-
metric mean consumption: only the confidence
interval decreased, thereby suggesting that the
precision in estimating the value increased (data
not presented).

The method used as the reference for cali-
brating the QFFQ for the HIM study in Brazil has
the characteristic of high within-person variabil-
ity, because of the unstable nature of individuals’
diets. Nonetheless, it is commonly used in this
type of study 10. The variability may be dimin-
ished through increasing the number of repeti-
tions of the reference method and the sample
size 10,36, One precaution taken in the present
calibration study was to make the measure-
ments of the reference method as close as possi-
ble to the habitual intake, before including them
in the model. By using the 24HR three times, it
was possible to adjust the energy and nutrient
consumption for the within-person variability.
These adjustments were made in an attempt to
minimize the errors through correcting for the
distribution of the consumption. The method
used for this adjustment has been indicated as
one of the most efficient methods for estimating
habitual intake 37. Therefore, it was assumed that
the number of repetitions of the 24HR that were
performed, together with the deattenuation of
the data, was sufficient to diminish the within-
person variation.

Some studies have shown that personal and
socioeconomic characteristics have an influ-
ence on food consumption reports. Underre-
porting has been shown to be more prevalent
among women, rather than men and seems to be
more common among older people than among
younger. Overweight is also associated with un-
derreporting 9:38,39,40 as well as year of study and
education appear to be independent predictors
of underreporting 38. When comparing underre-
porters with those people with report accurately,
underreporters tend to report being less physi-
cally active 40, Because of these factors it was de-
cided to test and include adjustment variables in
the multiple linear regressions, thereby enabling
better estimates of the regression calibration and
increasing the explanatory power of the models
41,42,43,44_ One example can be given by the cor-
rection of the protein consumption data of the
QFFQ through the calibration: the simple linear
regression between the deattenuated 24HR data
and the energy-adjusted QFFQ data produced an
estimated regression coefficient of 0.15 (95%CI:
0.04-0.26), with an explanatory power for the
model of 0.07 (R2). When other variables were
included the power of the model increased to
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0.24 (R2a). When the equation from multiple re-
gression on the QFFQ data was applied, it was
seen from the dispersion graph that a clear ad-
justment of the data had occurred in relation to
the 24HR. The inclusion of other variables in the
model made it possible for the QFFQ values to
be brought close to those of the reference model,
thereby indicating the importance of evaluat-
ing the model in its entirety, in interpreting the
data, and not just the regression coefficients or
calibration factors. However, the explanatory
power of the models was not presented in other
calibration studies, which made comparisons
impossible.

Both for energy and for all the nutrients
evaluated, the confidence interval of the QFFQ
data decreased after the correction according to
the calibration, while statistical differences be-
tween calibrated data and data from the refer-
ence method disappear. Just as in studies in other
countries, the same behavior in relation to stan-
dard deviations was described in a study on ado-
lescents in Brazil 4546,47. This adjustment of the
distribution occurred through correction of the
classification errors among individuals. Extreme
values were especially affected because this was
alinear regression to which the instruments were
subjected 5.

A limitation that can be pointed is that the
sample of the calibration study was selected by
convenience. The principal problem of this kind
of samplingis that it can lead to a group thatis not
representative of the population under study. The
representativeness of the sub-sample was tested
and the participants of the calibration study rep-
resent the population of the HIM study as they
do not show statistical differences regarding age,
body mass index, education and income.

The use of dietary data generated by the
QFFQ in epidemiological studies without any
type of correction may explain the conflicting
results or inconsistencies presented in some of
them 3,16, including studies that evaluated the
influence of diet on the process of infection by
HPV and the development of lesions relating to
the virus. However, after correction of QFFQ data
based on linear regression analyses in which the
reference method is as much based on reports as
the QFFQ is, and is subject to similar errors, the
relative risks may be biased 48:49. Biomarkers can
be used to make consumption measurements
more accurate and consequently also the relative
risk estimates. However, only a limited number
of biomarkers are known and, even so, their use
in large-scale studies is not viable because of the
high costs involved 50. In any event, the use of ref-
erence methods based on reports for calibrating
dietary data is still more attractive than using the



crude data in studies that evaluate the relation-
ship between diet and disease 32.

Conclusion

In the present study, the results from the calibra-
tion of the QFFQ that was used in the HIM study
in Brazil were presented. The minimization of the
measurement errors through correcting the data
according to the calibration was expected. How-
ever, to analyze the relationships between dietary
factors and the history of HPV infection in men,
data with and without correction by the calibra-
tion should be used comparatively.

Resumo

O objetivo foi estimar as regressoées de calibragdo dos
dados dietéticos mensurados pelo questiondrio quan-
titativo de freqiiéncia alimentar (QQFA) utilizado no
Natural History of HPV Infection in Men: o Estudo
HIM. Uma amostra de 98 individuos do estudo HIM
respondeu, por meio de entrevista, a um QQFA e trés
recordatorios de 24 horas (R24h). A calibragdo foi feita
por meio de andlise de regressdo linear, tendo os R24h
como varidvel dependente e o QQFA como varidvel in-
dependente. Idade, indice de massa corporal, atividade
fisica, renda e escolaridade foram utilizadas como va-
ridveis de ajuste nos modelos. As médias geométricas
dos R24h e do QQFA corrigido pela calibragdo sao es-
tatisticamente iguais. Os grdficos de dispersdo entre os
instrumentos demonstraram aumento da correlag¢do
apos a corregao dos dados, porém observa-se maior
dispersdo dos pontos de acordo com a piora do poder
explicativo dos modelos. A identificagdo das regressoes
de calibragdo dos dados dietéticos do estudo HIM per-
mitird a estimativa do efeito da dieta sobre a infecgdo
por HPV; corrigida pelo erro de medida do QQFA.

Inquéritos sobre Dietas; Questiondrios; Estudos de
Coorte
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