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A B S T R A C T

Objective

This study aimed to compare dietary intake estimates using two different methodological approaches: use of 
new portions obtained with the 24-Hour Diet Recall, which was applied in the current study population, and the 
application of calibration equations, which were estimated using the same 24h-recalls. 

Methods

Calibration equations were estimated using linear regression. The medians and confi dence intervals of energy 
and nutrient intakes were assessed using all the approaches. The U Mann Whitney test was applied to verify 
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differences among dietary intakes obtained with the 24 Hour Recall and Food Frequency Questionnaire-based 
methods. The correlation between different measures was assessed with Spearman coefficient. Weighted Kappa 
was used to verify the capability of the Food Frequency Questionnaire -based methods to classify individuals in 
the same intake levels of the 24 Hour Recall.

Results

Nine of the eleven components that were analyzed using the Food Frequency Questionnaire with standard 
portions and calibrated had medians significantly different from those obtained using the 24 Hour Recall; only 
the measurements of vitamin E and energy were statistically equal. For the Food Frequency Questionnaire with 
24 Hour Recall portions, only the medians of vitamin D and B12 did not significantly differ from the 24 Hour 
Recall medians. Finally, for the Food Frequency Questionnaire with 24 Hour Recall portions and calibrated, all 
components, except folate and iron, had medians statistically equal to those obtained using the 24 Hour Recall. 
Spearman correlation coefficients were higher for the Food Frequency Questionnaire with 24 Hour Recall portions 
calibrated for all the assessed components, and the values ranged from 0.27 (total fat) to 0.57 (iron). Higher Kappa 
correlation coefficients were found for the Food Frequency Questionnaire 24 Hour Recall portions calibrated. 

Conclusion

Calibrated FFQ with portions estimated from the own target population obtained better estimates of dietary 
intake, with values considerably more similar to those obtained with the reference method.  

Keywords: Food consumption. Nutrition surveys. Statistical analysis.

R E S U M O 

Objetivo

Comparar estimativas de ingestão alimentar de Questionário de Frequência Alimentar em conjunto a duas 
abordagens: porções obtidas de Recordatórios-24h aplicados na população de estudo, e equações de calibração, 
calculadas a partir dos mesmos Recordatórios-24h. 

Métodos

Foram descritas medianas e intervalos de confiança de energia e nutrientes. O teste U de Mann-Whitney foi 
aplicado para verificar diferenças entre os dados obtidos com o Recordatório-24h e com o Questionário de 
Frequência Alimentar. A correlação entre as medianas de ingestão foi verificada com o coeficiente de correlação 
de Spearman; e para verificar se os métodos baseados no Questionário de Frequência Alimentar foram capazes 
de classificar os indivíduos nos mesmos níveis de ingestão do Recordatório-24h, foi utilizado o coeficiente de 
Kappa ponderado. 

Resultados

Para o Questionário de Frequência Alimentar Porção Padrão calibrado, 9 dos 11 nutrientes analisados 
tiveram medianas diferentes das do Recordatório-24h. Para o Questionário de Frequência Alimentar Porção 
do Recordatório-24h, somente as vitaminas D e B12 não apresentaram diferença significativa em relação ao 
Recordatório-24h; para o Questionário de Frequência Alimentar Porção do Recordatório-24h calibrado, todos os 
nutrientes, à exceção de folato e ferro, tiveram medianas estatisticamente iguais às obtidas com o Recordatório-
24h. Os coeficientes de correlação de Spearman foram maiores para o Questionário de Frequência Alimentar 
Porção do Recordatório-24h calibrado para todos os nutrientes avaliados, variando de 0,27 (gordura total) a 
0,57 (ferro). Em relação ao Kappa ponderado, os maiores coeficientes foram encontrados para o Questionário 
de Frequência Alimentar Porção do Recordatório-24h calibrado. 

Conclusão

A utilização do Questionário de Frequência Alimentar calibrado e com porções estimadas na própria população 
de estudo apresenta melhores estimativas da ingestão alimentar, com valores mais próximos ao método de 
referência.

Palavras-chave: Consumo de Alimentos. Inquéritos Nutricionais. Análise Estatística.

I N T R O D U C T I O N 

Food Frequency Questionnaires (FFQ) are commonly used for the assessment of usual dietary 
intake in epidemiological studies, particularly prospective studies, and it is considered an important 
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tool for the investigation of the relationship between diet and the etiology, prevention, and treatment 
of diseases. Nevertheless, as all methods used in dietary intake assessment, it has measurement errors 
that affect risk and association estimates [1-9].

Considering that such errors are inherent to the method and aiming to minimize them, 
techniques have been developed to approximate the estimates of the FFQ to those of reference 
methods [2-9]. In addition to the instrument validation, calibration can also be used. This technique 
allows the adjustment of the food consumption measures of the FFQ based on measurements 
obtained using a reference method [10]. 

The FFQ used in the cohort study entitled “Natural History of HPV Infection In Men” (HIM 
study) in Brazil was developed by Fisberg et al. [11] based on the food intake of a representative 
sample of men in the city of São Paulo. In addition, validation [12] and calibration [10] studies were 
conducted, and the performance of the method was assessed when standard portions were replaced 
by portions obtained in a sub-sample of the Brazilian cohort [13], once portion determination is 
considered one of the main errors of dietary intake assessment [14,15].

To obtain better dietary intake measurements, this study aimed to evaluate the performance 
of the FFQ when used in combination with other approaches: use of new portions obtained using 
the 24-Hour Recall (24HR), which was applied in the current study population, and the application of 
calibration equations, which were estimated using the same 24H-recalls. 

M E T H O D S

Study population

The HIM study is a multinational prospective cohort that aims to determine the incidence, 
persistence, and remission of Human Papillomavirus (HPV) infection in men and to identify the 
factors associated with these outcomes among men from three different cities: Tampa (United States 
of America), Cuernavaca (Mexico), and São Paulo (Brazil). The detailed design of the HIM study is 
presented in a previous paper [16].

More than 4,000 men aged between 18 and 70 were included in the study from 2005 to 
2009, and they were followed-up every 6 months for 4 years. In Brazil, the participants were recruited 
from the general population who visited the genitourinary clinic Centro de Treinamento DST/AIDS, 
São Paulo (CRT-DST/AIDS, STD/AIDS Reference and Training Center) and from the general population 
of the Greater São Paulo via general media advertisements [17].

In this study, of the 1,412 participants in São Paulo, only 1,312 who had fully completed the 
FFQ were included in the analysis. The mean age of the participants was 34±10 years.

Dietary intake

Quantitative Food Frequency Questionnaire

The Quantitative Food Frequency Questionnaire (QFFQ) used in the HIM study in Brazil was 
developed based on the dietary intake cited on the 24HR of 708 men in the population-based survey 
Inquéritos de Saúde de São Paulo (ISA-SP, Health Survey of São Paulo). The full description of the 
QFFQ development and validation is described in previous studies [10,11]. The participants in Brazil 
have reported the frequency of their consumption of the 54 food items (0-10 times a day, week, 
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month, or year) over the past year and the size of the consumed portion (small, medium, large, and 
extra-large). To help participants in the visualization of the portion size, household measures were 
available during the interview. Dietary intake estimates were quantified using the Nutrition Data 
System for Research software version 2.0, 2007 (NDSR, University of Minnesota, Minneapolis, United 
States) and energy-adjusted using the residual method [18] with the purpose of estimating dietary 
intake regardless the energy consumption.

24-Hour Dietary Recall

A representative subsample (n=121) of the Brazilian cohort answered to at least two 24HR 
in nonconsecutive days, which were applied by trained interviewers at the CRT-DST/AIDS using the 
Multiple Pass Method [19], which consists of a quick list of foods consumed in the previous day, a 
detailed description and the final revision.

To quantify dietary intake, the NDSR software was used. Nutrient distribution was adjusted 
for the within-person variation using the online software Multiple Source Method (MSM, German 
Institute of Human Nutrition, Potsdam-Rehbrücke, Germany), thereby obtaining the usual dietary 
intake. The residual method was applied to obtain energy-adjusted values [18].

To obtain the portions from the 24HR, foods cited using this method were grouped according 
to the FFQ items and were divided into percentiles (25, 50, 75, and 95) according to the number of 
individuals reporting their consumption in each of the 24HR applied at that time. Weighting values 
were assigned, and the portions reported in all the 24HR were then attributed a higher weight. 
Finally, portions were multiplied by the total number of individuals who reported their consumption 
in each of the applied 24HR, as detailed by Carlos [13].

Statistical Analysis

Using the previously applied 24HR, it was possible to estimate the calibration equations of the 
dietary intake using linear regression. Adjusting variables, such as body mass index, income, education, 
age, ethnicity, marital status, physical activity, and smoking habits, were tested as adjustment in the 
models to minimize their potential effects on dietary intake report [20-22], and only those with 
models with a p value <0.20 in the univariate linear regression analysis were selected.

The medians and confidence intervals were described for energy and nutrient intakes obtained 
using the four different methods: 24HR with de-attenuated and energy-adjusted intake estimates, 
which is considered the reference method; FFQ with standardized portions, energy-adjusted and 
calibrated intake estimates (calibrated FFQ SP); FFQ with standardized portions substituted by the 
portions obtained with the 24HR and energy-adjusted (FFQ 24HR); and FFQ with 24HR portions, 
energy-adjusted and calibrated (calibrated FFQ 24HR). The U Mann-Whitney test was applied to 
verify significant differences among the medians of dietary intake obtained with the 24HR and 
FFQ-based methods.

The correlation between the medians of energy and nutrient intakes was verified with 
the Spearman correlation coefficient, and the weighted Kappa method was used to verify the 
performance of the FFQ-based methods in classifying individuals with the same intake levels as 
the 24HR, comparing the tertiles obtained using each method. The weighting used is defined by 
the equation 1-{(i-j)/(k-1)}^2, where i and j are the rows and columns of the two measurements, 
respectively, and k is the total number of possible classifications. All analyses were performed using 
the Stata software version 12 (Stata Corporation, College Station, Texas, United States).
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R E S U L T S

The medians of energy and nutrient intakes are presented in Tables 1 and 2. For the calibrated 
FFQ SP, 9 of the 11 analyzed components were significantly different from the 24HR medians; only 
vitamin E and energy had statistically equal medians. For the FFQ 24HR, only vitamins D and B12 
did not significantly differ from the 24HR medians. Finally, using the calibrated FFQ 24HR, all the 
nutrients, except for folate and iron, had medians statistically equal to those obtained with the 24HR.

Table 1.	Median and confidence interval (95%CI) of energy and nutrient intakes and correlation coefficients among the tested method 

(calibrated FFQ SP) and the reference method (24HR). São Paulo (SP), Brazil, 2015.

Nutrient
24HRa Calibrated FFQ SPb

Median (95%CI) Median (95%CI) Spearman Kappa                         

Energy (kcal) 2396.10 (2280.0-2481.6) 2417.3 (2400.5-2430.7) 0.4413* 0.3158

Carbohydrates (g) 294.50 (285.7-299.7) 272.3 (271.8-272.4)* 0.3295* 0.2999*

Proteins (g) 95.90 (93.6-98.8) 94.4 (94.2-94.5)* 0.2989* 0.2013*

Total fat (g) 89.10 (87.1-90.4) 84.2 (83.9-84.3)* 0.2343* 0.1552*

Vitamin C (mg) 84.70 (79.0-91.9) 85.5 (84.3-86.6)* 0.4249* 0.3671*

Vitamin A (IU) 6678.23 (6102.9-8008.0) 8650.5 (8500.6-8780.1)* 0.4344* 0.3750*

Vitamin E (mg) 7.20 (6.9-7.4) 7.3 (7.27-7.32) 0.2881* 0.3063*

Vitamin D (mcg) 3.95 (3.59-4.16) 3.4 (3.39-3.46)* 0.4099* 0.3501*

Vitamin B12 (mg) 5.90 (5.6-6.1) 4.0 (3.97-4.03)* 0.3670* 0.3434*

Folate  (DFE) 723.50 (699.1-742.7) 979.9 (974.6-986.5)* -0.0029 -0.0112

Iron (mcg) 17.80 (16.9-18.3)   17.2 (17.2-17.3)* 0.4382* 0.3590*

Note: *p<0.05. aDe-attenuated and energy-adjusted;  bEnergy-adjusted

24HR: 24-Hour Diet Recall; CI: Confidence Interval; DFE: mcg of Dietary Folate Equivalents; FFQ: Food Frequency Questionnaire; IU: International 

Units.

Table 2.	Median and confidence interval (95% CI) of energy and nutrient intakes and correlation coefficients among the tested 

methods (FFQ 24HR and calibrated FFQ 24HR) and the reference method (24HR). São Paulo (SP), Brazil, 2015.

Nutrient
FFQ 24HRa Calibrated FFQ 24HRa

Median (95%CI) Spearman Kappa                         Median (95%CI) Spearman Kappa                

Energy (kcal) 2749.8 (2,704.9-2,797.6)* 0.4603* 0.3202* 2448.8 (2,426.1-2,468.8) 0.4746* 0.3636*

Carbohydrates (g) 342.3 (339.9-346.5)* 0.3744* 0.2509* 294.7 (293.8-295.7) 0.4350* 0.3541*

Proteins (g) 111.0 (110.2-111.7)* 0.3222* 0.2318* 95.0 (94.8-95.2) 0.3740* 0.3404*

Total fat (g) 128.1 (127.3-128.9)* 0.1528 0.1615* 89.0 (88.8-89.2) 0.2680* 0.2992*

Vitamin C (mg) 126.4 (121.6-133.9)* 0.3526* 0.3978* 85.2 (83.7-86.5) 0.4308* 0.3816*

Vitamin A (IU) 9327.4 (9,040.5-9,568.2)* 0.3204* 0.3584* 6591.2 (6,516.4-6,683.9) 0.4362* 0.4359*

Vitamin E (mg) 8.1 (8.0-8.2)* 0.2632* 0.2754* 7.2 (7.2-7.3) 0.3455* 0.3316*

Vitamin D (mcg) 3.95 (3.88-4.04) 0.4538* 0.3984* 3.65 (3.62-3.69) 0.4594* 0.3764*

Vitamin B12 (mg) 6.1 (5.9-6.2) 0.3494* 0.3304* 5.69 (5.66-5.72) 0.3843* 0.3812*

Folate  (DFE) 605.7 (600.1-610.8)* 0.1929* 0.1617* 687.5 (683.2-691.7)* 0.4302* 0.4069*

Iron (mcg) 18.5 (18.4-18.6)* 0.4931* 0.4149*   18.6 (18.5-18.7)* 0.5689* 0.4840*

Note: *p<0.05. aEnergy-adjusted.  

24HR: 24-Hour Diet Recall; CI: Confidence Interval; DFE: mcg of Dietary Folate Equivalents; FFQ: Food Frequency Questionnaire; IU: International 

Units.
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The Spearman correlation coefficients were higher for all the assessed components when 
using the calibrated FFQ 24HR, and the values ranged from 0.27 (total fat) to 0.57 (iron). Regarding 
the weighted Kappa coefficient, higher correlation coefficients were found for the calibrated FFQ 
24HR; only vitamins C and D had higher coefficients using the non-calibrated FFQ 24HR (Table 2).

In addition to the R² obtained using both calibrations (FFQ SP and FFQ 24HR), Figure 1 shows 
the distribution of energy, fat, vitamins A and E, and iron intakes for all the four methods that were 
assessed. These nutrients were selected based on the lowest and highest obtained weighted Kappa 
coefficients using the calibrated FFQ 24HR. 

Figure 1.	Distribution of energy and nutrient intakes according to the 24-HR, FFQ 24HR, calibrated FFQ SP and calibrated FFQ 24HR. 

São Paulo (SP), Brazil, 2015.
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D I S C U S S I O N

To the best of our knowledge, this is the first study to assess the performance of the validated 
FFQ used along with two other approaches: use of new portions obtained using data from the 24HR, 
applied in the current study population, as an alternative to standard portions, and the application of 
calibration equations, which were calculated using the same 24HR. 

Our results indicate that the combined use of both approaches significantly improves the 
performance of the FFQ measures, making them more similar to the reference method than when 
used separately. Using standardized portions obtained from a population with different characteristics 
from the one in which the FFQ is applied may introduce a bias in dietary intake estimates [14,15,23]. 
Moreover, the calibration method provides food intake values more similar to the actual values [10,24]. 

The medians of energy and nutrients of the calibrated FFQ 24HR were more similar to those 
of the reference method (24HR) than the other methods used for comparison. Similarly, Spearman 
correlation coefficients had higher values for the calibrated FFQ 24HR, and all components were 
significantly correlated to the pairs obtained with the reference method. In validation studies, 
correlation coefficients equal to or higher than 0.40 are considered acceptable [25-27]. In this study, 
the calibrated FFQ 24HR presented seven nutritional components with coefficients higher than 0.40, 
and only total fat had a value lower than 0.3. Although considered a low coefficient, the use of the 
proposed approach (calibrated FFQ 24HR) increased the correlation with the reference method. 

To assess the capacity of FFQ-based methods to classify individuals similarly to the reference 
method, data were distributed in tertiles, and weighted Kappa coefficient was used. A primary 
objective of FFQ in dietary assessment is to classify individuals according to intake levels, instead 
of absolute intake [28]. In our study, the weighted Kappa correlation coefficients indicated that 
the proposed method classified individuals satisfactorily in relation to the 24HR; in general, such 
method had better coefficients than other FFQ-based methods. The improvement in the classification 
of individuals according to intake levels is also supported by the distribution graphics, where for 
the selected nutrients, the curve of the proposed method better approximates the curve of 24HR 
compared with other methods.  

Regarding the calibration method, the R² values increased in 8 of the 11 assessed dietary 
components (data not shown) when calibration was applied to the FFQ 24HR. Once the R² value 
represents the explanatory power of the calibration model, our results indicate the improvement in 
calibration estimates when portions obtained with the 24HR were used instead of the standardized 
ones.

This study has limitations that must be presented. Although multiple 24HR are commonly 
used for FFQ validation and adjustment, they are not considered a gold standard method; therefore, 
even when considered as reference method, they are at risk for biases and inaccuracies. In addition, 
FFQ measures the usual diet in the previous year, while the multiple 24HR, even when used to obtain 
usual intake estimates, refer to a shorter period of time. If relevant modifications in diet occurs during 
this period, the concordance between these instruments decreases.

C O N C L U S I O N

Our results indicate that the use of the calibrated FFQ with portions estimated in the current 
study population presents better estimates of dietary intake, with values considerably more similar to 
that obtained with the reference method.  
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