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sandra-mary@hotmail.com reproducibility of a food frequency questionnaire (FFQ) focused on hypertensive

and/or diabetic individuals living in Macei6 City - AL, Brazil. Methods: The questionnaire
was developed based on 1,603 twenty-four-hour recall dietary surveys (24-HDR). Three
FFQs and three 24-HDRs were concomitantly applied to a sample of 40 individuals, at
maximum interval of 45 days between applications, in order to assess FFQ validity and
reproducibility. Validity assessment was based on Pearson’s (PCC) or Spearman’s (SCC)
correlation coefficient between FFQs 1, 2, 3 and the mean of three 24-HDRs (the 24-
HDR was used as reference standard). Reproducibility assessment was based on the
intraclass correlation coefficient (ICC) among FFQs. Results: PCCs or SCCs recorded the
recommended validity values (from 0.4 and 0.7) for energy, macronutrients, calcium
and sodium in FFQs 1 and 2 (satisfactory validity), whereas other nutrients recorded
PCC < 04. All investigated nutrients presented ICC within the recommended
reproducibility values, except for potassium, which recorded ICC equal to 0.28
between FFQs 1 and 3. Conclusion: The FFQ developed and evaluated in the current
study is a good food intake-evaluation instrument to assess energy, macronutrients,
calcium and sodium in hypertensive and/or diabetic individuals, since it can provide
important information for studies about nutritional epidemiology in this target
population.
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Resumo

Objetivo: O presente estudo teve por objetivo elaborar e avaliar a validade e a
reprodutibilidade de um questionario de frequéncia alimentar (QFA) para hipertensos
e/ou diabéticos do municipio de Maceié-AL, Brasil. Métodos: O QFA foi elaborado a
partir de 1.603 inquéritos dietéticos recordatérios de 24 h (IDR24H). Para avaliar a
validade e a reprodutibilidade do QFA aplicaram-se, em uma amostra de 40 individuos,
trés QFAS e trés IDR24H concomitantemente e com intervalo méaximo de 45 dias entre
as aplicacbes. A validade foi avaliada por meio dos coeficientes de correlagdo de
Pearson (CCP) ou de Spearman (CCS) entre o0 QFA 1, 2 e 3, e a média dos 3IDR24H,
adotando-se 0 IDR24H como padrdo de referéncia; e a reprodutibilidade, por meio do
coeficiente de correlacdo intraclasse (CCl) entre os QFAs. Resultados. Quanto a
validade, os CCP ou CCS atingiram os valores recomendados entre 0,4 e 0,7 para
energia, macronutrientes, calcio e sodio para as aplicaces 1 e 2 do QFA (validade
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satisfatéria); e para os demais nutrientes, CCP < 0,4. Quanto a reprodutibilidade, todos
0s nutrientes estudados apresentaram CCl dentro dos valores recomendados, exceto
potassio entre QFAT e QFA3 (CCl = 0,28). Conclusdo: O QFA elaborado e avaliado neste
estudo constitui um bom instrumento de avaliagdo de consumo alimentar para
avaliagdo de energia, macronutrientes, calcio e soédio para hipertensos e/ou
diabéticos, podendo fornecer informac¢Bes importantes para estudos de
epidemiologia nutricional neste publico-alvo.

Palavras-chave: Consumo alimentar. Inquérito nutricional. Hipertensdo. Diabetes mellitus.
Adulto.
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INTRODUCTION

Food frequency questionnaires (FFQs) are the method of choice to evaluate the association between
diet and chronic non-communicable diseases (CNCDs) such as systemic arterial hypertension (SAH) and
diabetes mellitus (DM)." FFQ food list should be ideally defined based on target population’s eating habits,*>
followed by options concerning food intake frequency in time units (days, weeks, semesters or years), which
may, or may not, include fractionations of these units. Besides food intake frequency, information about the
size of consumed portions of each food item can be recorded in FFQs.%’

FFQs have the advantage of evaluating diets for a long period-of-time, since exposure time in this
instrument is more important than food or nutrient intake at specific days.®? They also enable stratifying
results in nutrient intake quartiles or quintiles in order to analyze risk trends based on exposure level and on
differences among extreme food intake levels.®'® However, instruments focused on recording food intake,
such as FFQs, have limitations, since they may lose food intake information details; it happens because their
quantification process is sometimes inaccurate and even requires participants to recall past habits."" Aspects
such as interviewees' schooling and age can affect the collected information;™ thus, it is necessary developing
specific FFQs for specific groups and goals. '

Once developed, FFQs should be subjected to validation studies focused on investigating to what extent
these instruments measure what is actually proposed.’ Validation studies consist in comparing results of
FFQ nutrient or food intake estimates based on more precise “gold standard” methods, such as biological
markers, or on reference methods such as dietary surveys.22'" These surveys comprise the self-reported
dietary intake (RDI), according to which individuals themselves write down in specially-designed forms all food
and beverages consumed over the course of a day;'* as well as the 24-hour dietary recall (24-HDR),"> which
defines and quantifies all food and beverages consumed in the period prior to the interview, which may be
the previous 24 hours or, more often, the day before it.'

Although RDI is the dietary method presenting lesser errors, 24-HDR is the instrument most used in
epidemiological studies,®? due to advantages such as rapid application, low cost, acceptability by interviewees
and being based on individuals' recent memory. In addition, 24-HDR is the method that least presents
changes in individuals' eating behavior;'®'” thus, it is mainly indicated for low schooling populations with
limited availability to record information.® The 24-HDR is featured by high intrapersonal variability due to the
random nature of diets, which change from day to day, as well as to the seasonality of many food items. Given
this feature, the 24-HDR selected for validation must be repeatedly applied (at least twice) to help minimizing
its bias and reducing nutrient intake dispersion, which can compromise correlation measurements.'8'?
Besides validity, reproducibility is also necessary to certify the quality of a given instrument, since it measures
results’ similarity on two, or more, different measurement occasions, 82021

Although some instruments used to measure food intake have already been developed and validated
in Brazil 61011182227 it js essential emphasizing that different demographic and cultural groups require FFQs
cable of covering their dietary specificities.>'® It is necessary collecting reliable information about individuals’
usual food intake and the content of several nutrients in food items and preparations in order to identify
dietary risk factors in population groups living in Brazil. Epidemiological studies focused on investigating the
association between diets and chronic diseases require using standardized methodologies to assess
individual food intake in population samples, based on valid, accurate and economically viable
instruments.8%8

In light of the foregoing, the aim of the current study was to develop and evaluate the validity and
reproducibility of a FFQ focused on hypertensive and/or diabetic patients living in Maceié City - AL, Brazil.
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METHODS
Developing the Food Frequency Questionnaire (FFQ)

Dietary information available in the database of 1,603 24-HDRs collected in a previous dietary study
titled “Eating habits, nutrient intake and consumption of food items associated with cardiovascular protection
and risk in hypertensive patients living in Maceié City - AL” were used to prepare the FFQ.

All 576 food items mentioned in the 1,603 24-HDRs were listed as cited. This number was narrowed
down to 284 food items because many of them referred to the same product, although with different names
(e.g., stew chicken, cooked chicken). The final list comprised all mentioned foods, except for those presenting
caloric contribution lower than 0.01% of the total energy value. In addition, some food items were grouped
because they presented similar nutritional value (e.g., Chunkey banana and Cavendish banana; apple and
pear). Finally, food items that were not spontaneously mentioned in the 24-HDRs but that were known to
contribute to the total caloric value of the diet (sugar, olive oil), as well as seasonal food items (cashew and
guava), were incorporated to the FFQ. Thus, the final list comprised 126 items organized into 14 food groups:
(1) fruits, (2) fruit juices, (3) green vegetables, (4) tubers and derivatives, (5) cereals and pasta, (6) condiments,
(7) oils and fats, (8) milk and dairy products, (9) legumes, (10) meats, (11) sausages, (12) sweets, (13) soups
and (14) beverages. Other issues associated with individuals’ eating habits and preferences, such as the
number of meals a day, oil/fat type often used to prepare meals, intake of visible fat from meat and inclusion
of non-listed food items in the diet were also included in the analysis.

The portion sizes of each food item in the FFQ were classified as small, medium (reference portion) and
large, based on references in the photo album?? and on home measurement tables.® Food intake frequency
was classified as daily, weekly, monthly and yearly basis. Options regarding the number of times (0 to > 10) a
given food was often consumed were included in each of these categories.

Sample

The sample comprised individuals registered in Sistema de Controle da Hipertensdo Arterial e do
Diabetes Mellitus do Ministério da Saude do Brasil (SISHIPERDIA-MS - Arterial Hypertension and Diabetes
Mellitus Control System of the Brazilian Ministry of Health), Macei6 City, Alagoas State, in 2011, who were part
of the previously mentioned study population.

Adult individuals (20-60 years old) diagnosed with hypertension and/or diabetes mellitus, who were
registered in HIPERDIA and agreed to participate in the research were included in it. Patients who did not
complete data collection (socioeconomic, anthropometric and demographic data, three FFQs and three 24-
HDRs), elderly individuals (older than 60 years) and those who did not agree to participate in the research
were excluded from the study.

Seventy-three (73) individuals (16 men and 57 women) were initially selected to answer the first
interview, which comprised the socioeconomic questionnaire, the elaborated FFQ, 24-HDR and
anthropometric data collection. Fifty-one (51) of them (12 men and 39 women) participated in the second
interview, which comprised the second FFQ application and the second 24-HDR; only 40 individuals (12 men
and 28 women) completed the third interview, which encompassed the third FFQ application and the third
24-HDR, which, in its turn, corresponded to Sunday. Thus, the final sample of 40 individuals corresponded to
61.5% of the initial sample.
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The research was approved by Comité de Etica e Pesquisa da Universidade Federal de Alagoas
(Research Ethics Committee of Federal University of Alagoas), process n. 23065.018588 / 2010-89. All
participants signed the informed consent form.

Data collection

Data collection took place in three meetings in which (1) the socioeconomic and anthropometric
questionnaire, as well as the first FFQ and the first 24-HDR were applied; (2) the second FFQ and the second
24-HDR were applied; and (3) the third FFQ and the third 24-HDR were applied. The total of three FFQs and
three IDR24H were applied, the last application was carried out on Monday to assure that one of the 24-
HDRs corresponded to Sunday in order include the weekend day of food intake. The mean interval between
the first and second applications was 29.62 + 11.13 days, and 28.02 + 9.79 days between the second and
third applications, which enabled reaching the recommended interval of 15-to-45 days.'

Both dietary surveys were applied on the same day; however, the FFQ was always applied before the
24-HDR in order to meet a requirement for this study type."™ Based on the photo album, participants
reported, in detail, the size and volume of the portions consumed by them, the brands of the products and
the adopted food preparation method.

Socioeconomic data and nutritional status assessment

Participants’ socioeconomic data were  collected in the first interview and their profile was featured
based on Critério de Classificagdo Econémica do Brasil (CCEB - Brazilian Economic Classification Criterion),
as well as on participants’ income data; nutritional status was assessed based on participants’ body mass
index - BMI (kg/m?) and waist circumference - WC (cm).

Energy and nutrient intake estimates

The Nutrition Support Software (NUTWIN®) version 1.5, 2002, added with data collected from chemical
composition tables and home measurements,%333¢ was used to calculate energy, macronutrient
(carbohydrates, proteins and lipids), micronutrient (vitamins C, E, Be and Bz, calcium, magnesium, potassium
and sodium) and dietary fiber intake, based on 24-HDRs and FFQs, which were transformed into values
corresponding to daily food intake. Based on NUTWIN®, data were exported to Excel® 2007 spreadsheet and,
then, to SPSS software version 18.0, for subsequent statistical analysis. All FFQ and 24-HDR data were
inserted in double-entry table.

Statistical analysis

SPSS software version 18.0 was initially used to apply the Naperian logarithmic transformation to all
nutrients, since they did not present Gaussian distribution, as tested through the Kolmogorov-Smirnov test.
Means and standard deviations were calculated for the 24-HDR and FFQs. Paired sample t-test was used to
analyze differences between each FFQ and the mean of three 24-HDR - significant differences were set at p
<0.05.
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Pearson’s correlation coefficient (PCC) for symmetric data and Spearman'’s correlation coefficient (SCC)
for asymmetric data among FFQs 1, 2 and 3 were calculated. The mean of three 24-HDR and the intraclass
correlation coefficient (ICC) were calculated for FFQs. Correlation coefficients based on crude, adjusted and
deattenuated data were used to analyze FFQs' validity for mean food intake in the three 24-HDRs. Correlation
coefficients ranging from 0.4 to 0.7 indicated good agreement between FFQ and 24-HDR, and between
FFQs."®

The t-test was applied to variables “age” and “anthropometric data” to enable comparisons between
sexes; significant results were set at p < 0.05. The Epi Info software version 3.5.2 (2010) was used to create a

"o, "o

database for variables “age”, “sex”,

nou "o, nou

anthropometric data”, “marital status”, “schooling”, “occupation”, “diagnosis
(SAH and/or DM)" and “economic class” to enable further descriptive analysis in Excel® 2007 software based
on distribution rates.

RESULTS
Developed FFQ

After the methodological preparation stages were finished, the herein developed quantitative FFQ was
structured and had its validity and reproducibility tested.

Featuring the investigated sample

Forty individuals participated in the current study: 12 (30%) of them were 38-to-59-year-old men (mean
age =52.58 + 5.63 years) and 28 (70%) were 31-to-60-year-old women (mean age = 47.18 + 9.74 years); 65%
(n=26) of them had SAH, 25% (n = 10) had SAH and DM, and 10% (n = 4) had DM. With respect to participants’
marital status, 87% were married or lived in stable union, 10% were single and the remaining ones were
widow(er). Only 35% of them had regular income, most individuals in the sample were housewives (47.5%)
belonging to economic class D (80%), as shown in Table 1.

Table 1. Sociodemographic and anthropometric data about the investigated individuals. Macei¢ City - AL, 2011.

Total % Sex
Male Female P
(n=40) (n=12) (n=28)
Features
Age (years) Mean (SD*) 48.80 (8.99) - 5258 (5.63)  47.18(9.75)
;
Age (minimum and maximum) 31-60 38-59 31-60 0.347
Anthropometric Assessment
Weight (kg) Mean (SD*) 75.33(12.97) - 74.30 75.77 (14.07) 0.6562
(10.43) '
BMIT (kg/m?) Mean (SD*) 30.19 (5.24) - 24.63(2.18)  32.57(4.26) 02112
\/\/Ci (crm) Mean (SD¥) 100.08 (12.85) - 99.50 100.36 (14.11) 0.7872
(10.56)
Marital status
Single 4 10 1 3
Stable union 12 30 1 11
) 0.1213
Maried 23 57.5 10 13

Widow(er) 1 25 - 1
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Table 1. Sociodemographic and anthropometric data about the investigated individuals. Maceié City - AL, 2011.(Continues)

Total % Sex
Male Female P
(n=40) (n=12) (n=28)
Schooling
llliterate/unfinished primary school 14 35 4 10
Primary school/unfinished secondary school 15 37.5 4 11
Secondary school /unfinished high school 5 12.5 2 0-9057
High school /unfinished higher education 6 15 2 4
Ocupation
Housewife 19 47.5 - 19
General services / cleaning lady 4 10 - 4
Watchman / doorman 3 7.5 3 -
Retired / beneficiary 6 15 5 1 <0.0013
Self-employed 3 7.5 2 1
Unemployed 1 2.5 - 1
Others 4 10 2 2
CCEB:
C1 1 2.5 4 12
c2 6 15 3 9
D 32 80 3 2 0.528°
B2 1 2.5 2 5

"Mann-Whitney test; 2 T test for independent samples; 3 Fisher's exact test.

*SD: standard deviation; T

BMI: body mass index;

t

]
WC: waist circumference; 'ECCB: economic classification criteria used in Brazil.

With respect to participants’ anthropometric profile, 85% of them were overweight or obese, and
76.67% of men and 96.42% of women had abdominal obesity. There was not significant difference in variables
“age”, “weight”, "BMI" and “WC" between sexes.

Table 2. Energy and nutrient intake based on 24-hour dietary recall (24-HDR) surveys 1, 2 and 3, on the mean (X) of three 24-HDRs, as
well as on food frequency questionnaires (FFQ) 1, 2 and 3, and on the mean (X) of three FFQs. Macei¢ City -AL, 2011.

Mean intake (standard deviation)

Energy and

nutrients 24-HDR1  24-HDR2  24-HDR3  X24-HDR  FFQ1 FFQ2 FFQ3 XFFQ
Energy (Kcal) 168707 192716  1,70093  1771.72 264153 239057 256892 2,533.67
& (795.32) (949.49) (723.11) (715.63)  (1152.89) (1042.72) (1194.28) (129.14)
Carbohydrate (@ 21855 252.52 22732 232.79 366.28 33141 35339 35036
y & (94.68) (159.08) (116.18) (103.51)  (166.15) (157.02)  (172.72)  (17.63)

Linid (£) 50.59 58.85 50.73 53.39 79.30 71.86 77.41 76.19
PIats (36.41) (30.56) (25.56) (24.26) (43.60)  (37.04)  (47.98) (3.87)
Protein (g) 89.39 96.87 83.77 90.00 11567 10455 11466  111.63
8 (55.70) (46.18) (41.18) (40.64) (50.68)  (56.21)  (57.75) (6.15)

Fiber (@) 8.70 8.32 10.09 9.03 16.85 15.81 16.25 16.30
& (10.59) (9.74) (8.66) (7.44) (8.73) (11.18) (7.53) (0.52)
Vit € (mg) 133.61 139.96 89.32 120.96 52854 39332 55127  491.04
& (243.61) (282.81) (108.96) (138.52)  (669.97) (327.53) (593.73)  (85.39)

VItE () 3.78 4.72 5.96 478 8.80 7.87 8.66 8.44
& (2.91) (3.25) (6.45) (2.89) (4.81) (4.91) (5.68) (0.50)
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Table 2. Energy and nutrient intake based on 24-hour dietary recall (24-HDR) surveys 1, 2 and 3, on the mean (X) of three 24-HDRs, as
well as on food frequency questionnaires (FFQ) 1, 2 and 3, and on the mean (X) of three FFQs. Macei6 City -AL, 2011.(Continues)

Energy and Mean intake (standard deviation)

nutrients 24-HDR1  24-HDR2  24-HDR3  X24-HDR  FFQ1 FFQ2 FFQ3 XFFQ

Vit B6 (mg) 1.25 1.42 1.28 1.31 1.95 1.74 1.9 1.87
& (0.86) (1.06) (0.89) (0.82) (0.73) (0.77) (0.76) 0.11)

Vit B12 (meg) 5.75 12.05 3.31 7.04 9.51 12.99 13.34 11.95
: (19.35) (39.08) (5.90) (15.57) (5.73) (14.08)  (11.02) (2.12)

Calcium (mg) 421.98 496.73 411.74 44348 980.26  907.52  1078.96 98891
& (256.45) (354.71) (244.03) (225.07)  (536.17) (553.24) (1215.39) (86.05)
Magnesium (mg) 175.95 209.91 211.20 199.02 289.57 26367 28194 27839
8 & (82.90) (139.11) (120.28) (96.15) (9857)  (112.88)  (134.49)  (13.31)
Potassium (mg) 199917 228960 209471 212783 337488 3003.06 335449 3244.14
& (142509) (206407) (158899)  (144329) (121859) (138478) (2010.07) (209.03)
Sodium (mg) 887.87 1,009.01 858,92 918.6 144869 122854 140061 1359.28
& (686.31) (778.26) (608,94) (537.12)  (1019.11) (776.77)  (959.00)  (115.75)

Table 2 shows participants’ energy and nutrient intake based on the 24-HDR and FFQs. The intake of
energy and most nutrients in FFQs 1, 2 and 3 was higher than the mean of the three 24-HDRs. Paired sample
t-test was applied to these differences (FFQ versus the mean of three 24-HDRs) in each of the three FFQs.
Results have shown statistically significant differences in energy, macronutrient, fiber and micronutrient
intake (p <0.05), but not in protein intake between FFQ2 and the mean of the three 24-HDRs (p > 0.05). (Table
3)

Table 3. Difference between the usual energy and nutrient intake data collected though the food frequency questionnaire (FFQ) and
the mean (X) of three 24-hour dietary recall (24-HDR) surveys, based on each FFQ (1, 2 and 3). Macei6 City - AL, 2011.

Mean intake (standard deviation)

Energy and Nutrients

Difference between

FFQ 1 and X 24-HDR

Difference between

FFQ 2 and X 24-HDR

Difference between

FFQ 3 and X 24-HDR

Energy (Kcal)
Carbohydrate (g)
Lipid (g)

869.81 (615.05) ***
133.48 (94.39) ***
2591 (18.32) ***

618.85 (437.59) ***
98.62 (69.73) ***
18.47 (13.06) ***

797.20 (563.71) ***
120.60 (85.28) ***
24.02 (16.99) ***

Protein (g) 25.66 (18.14) *** 14.54 (10.28) 24.65 (17.43) *
Fiber (g) 7.81(5.52) *** 6.78 (4.79) *** 7.22 (5.10) ***
Vit C (mg) 407.57 (288.19) *** 27236 (192.59) *** 430.30 (304.27) ***
Vit E (mg) 4,02 (2.84) *** 3.09 (2.18) *** 3.88 (2.74) ***
Vit B6 (mg) 0.64 (0.45) *** 0.41 (0.30) *** 0.59 (0.42) ***
Vit B12 (mcg) 2.47 (1.75) *%* 5.96 (4.21) *** 6.30 (4.46) ***

Calcium (mg)
Magnesium (mg)
Potassium (mg)

Sodium (mg)

536.78 (379.56) ***
90.55 (64.03) ***

1,247.05 (881.80) ***

530.09 (374.83) ***

464.04 (328.12) ***
64.65 (45.71) ***
875.24 (618.89) ***
309.94 (219.16) **

635.48 (449.45) ***
82.93 (58.64) ***
1,226.66 (867.38) ***
482.01 (340.83) **

*p < 0.05; **p < 0.01; ***p < 0.001. (paired sample t-test)
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Validity

With respect to the validity of the FFQs regarding mean food intake in the three 24-HDRs, gross values
have overall shown lower correlation to FFQ3 and higher correlation to FFQ2. In absolute values, validity
ranged from 0.04 (vitamin C in FFQ2) to 0.55 (calcium in FFQ2). Pearson’s correlation coefficients recorded
the lowest values for fiber and potassium (0.15 and 0.17 in FFQ 1), and for vitamin C (0.04 in FFQ2 and 0.12
in QFA3); as well as the highest values for lipids (0.53 in FFQ2) and calcium (0.55 in FFQ2 and 0.46 in FFQ1),
as shown in Table 4.

Based on the comparison of correlation values recorded for crude, deattenuated and adjusted energy
data (table 4), values recorded for crude and adjusted data were overall remarkably close, if not equal, to
each other. On the other hand, deattenuated data overall recorded the highest values. The analysis of data
generated in these three treatments has shown acceptable correlation values (> 0.4) recorded for energy
and for 58% (n = 7/12) of the analyzed nutrients, namely: carbohydrates, lipids, proteins, vit Be, vit B12, calcium
and sodium. However, there was not uniform correlations between food survey applications; the second
application presented the best performance. It is essential highlighting the FFQ validity for calcium intake in
all applications (Table 4).

Table 4. Correlation coefficients of energy and nutrient intake between food frequency questionnaires (FFQ) 1, 2 and 3 and the mean
of three 24-hour dietary recall (24-HDR) surveys based on crude, deattenuated and adjusted data. Maceid City - AL, 2011.

Energy and Correlation coefficients
Nutrients between intake data
24-HDR vs FFQ 1 24-HDR vs FFQ 2 24-HDRvs FFQ 3
Cr Deat Adjust Cr Deat Adjust Cr Deat Adjust
Energy (Kcal) 0.48" 0.48" 0.52" 0.52" 0.32" 0.32
Carbohydrate (g) 0.38" 043 0.38! 041" 047 042" 022" 025 0.22
Lipid (g) 0.51" 0.58 0.51" 0.53" 0.60 053" 0.132  0.15 0.132
Protein (g) 0.242 0.27 0.242 045" 0.51 045" 014" 0.6 0.15
Fiber (g) 0.15" 0.17 0.151 022" 025 022" 038 043 0.37
Vit C (mg) 0.22" 0.24 0.197 0.04" 0.05 0.06" 012" 0.3 0.14
Vit E (mg) 0.30" 0.34 0.271 029" 032 026" 025" 029 0.217
Vit B6 (mg) 0.29" 033 0.29" 035" 04 035" 038 044 0.38"
Vit B12 (mcg) 0.33" 0.37 0.442 0.28"  0.31 0192 026" 0.29 0.232
Calcium (mg) 046" 0.52 0.46 0.55" 0.63 0.55" 041" 046 0.417
Magnesium (mg) 0.18" 0.20 0.19 029" 033 029" 026" 0.3 0.267
Potassium (mg) 0.17* 0.20 0.18! 030" 034 029" 039" 044 0.38"
Sodium (mg) 046" 0.53 047 045"  0.51 045" 019" 021 0.20"

" Pearson’s correlation; 2Spearman'’s correlation

*Cr: crude data; "Deat: Deattenuated data; iAdjust; Adjusted data
Correlation values > 0.4 are highlighted in bold

Reproducibility

Most intraclass correlation coefficients (Table 5) ranged from 0.4 to 0.7, therefore, they were within the
recommended levels and attributed good reproducibility to the tested instrument; potassium was the only



DEMETRA

exception, since it recorded ICC equal to 0.28 between FFQs 1 and 3. The best correlations were found
between FFQs 2 and 3, which recorded ICC higher than 0.7 for energy (0.8) and vitamin C (0.77).

Table 5. Mean energy and nutrient intake based on food frequency questionnaires (FFQs) and on intraclass correlation coefficients
between FFQs. Maceid City - AL, 2011

Mean intake cr
(standard deviation)

Energy and Nutrients FFQ1 FFQ1  FFQ2
FFQ 1 FFQ 2 FFQ3 and and and

FFQ2 FFQ3 FFQ3

Energy (Kcal) 2,641.53 2,390.57 2,568.92 0.63 0.69 0.8
(1,152.89) (1,042.72) (1,194.28)

Carbohydrate (g) 366.28 331.41 35339 0.49 0.69 0.7
(166.15) (157.02) (172.72)

Lipid (g) 79.3 71.86 77.41 0.7 0.69 0.67
(43.60) (37.04) (47.98)

Protein (g) 115.67 104.55 114.66 0.66 0.59 0.7
(50.68) (56.21) (57.75)

Fiber (g) 16.85 15.81 16.25 0.6 0.57 0.67
(8.73) (11.18) (7.53)

Vit C(mg) 528.54 393.32 551.27 0.52 0.51 0.77
(669.97) (327.53) (593.73)

Vit E (mg) 8.8 7.87 8.66 0.64 0.58 0.65
(4.81) (4.91) (5.68)

Vit Bs (Mg) 1.95 1.74 1.91 0.7 0.56 0.69
(0.73) (0.77) (0.76)

Vit B2 (Mcg) 9.51 12.99 13.34 0.4 0.44 0.54
(5.73) (14.08) (11.02)

Calcium (mg) 980.26 907.52 1078.96 0.62 0.62 0.73
(536.17) (553.24) (1215.39)

Magnesium (mg) 289.57 263.67 281.94 0.49 0.4 0.56
(98.57) (112.88) (134.49)

Potassium (mg) 3,374.88 3,003.06 3,354.49 0.45 0.28 0.59
(1,218.59) (1,384.78) (2,010.07)

Sodium (mg) 1,448.69 1,228.54 1,400.61 0.68 0.58 0.49
(1,019.11) (776.77) (959.00)

*|CC: intraclass correlation coefficient
Correlation values < 0.4 and > 0.7 are highlighted in bold

DISCUSSION

The validity and reproducibility of the quantitative FFQ developed for hypertensive and/or diabetic
individuals was tested in a sample mostly composed of adult hypertensive and obese women, who were
housewives, married or living in stable union, with complete primary education or incomplete secondary
education, and who belonged to economic class D.
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Based on the assessment of intake data collected in the applied surveys, it was possible observing that
energy and most nutrients recorded higher intake rates among FFQs than in the three 24-HDRs (Table 3).
Similar results were found in studies conducted by Marques-Vidal et al.,>” Pakseresht & Sharma,*® Kusama et
al.*? Rodriguez et al.*° Fatihah et al.*' Papazian et al.* Cantin et al.** and Moghames et al.** The likely
overestimation attributable to FFQ, or the underestimation attributable to 24-HDR, observed in the present
study could result from features inherent to the adopted instruments themselves. In the case of the herein
developed FFQ, both the size of the food item list and the intake frequency options - which ranged from 0 to
> 10 - were within the recommended range.®

FFQ reproducibility recorded higher correlations than its validity; this outcome was consistent with
other studies.?'%14> The time elapsed between applications of the two FFQs is an important aspect
influencing reproducibility, which can be overestimated when FFQ application intervals are too short because
participants would remember the answers given in the first questionnaire. On the other hand, exceedingly
long intervals would reduce correlations due to changes in participants’ diet pattern.5 The mean time (one
month) elapsed between the application of three FFQs in the present study was enough to avoid real changes
in participants’ diet and to stop them from remembering their previous answers. Thus, it is possible
concluding that the strong correlation between FFQ applications corresponded, in fact, to its satisfactory
reproducibility.

On the other hand, validity (Table 4) presented correlation coefficients similar to the ones recorded in
other studies based on similar methodology.'02729414547 alues recorded for non-adjusted WCs were
comparable to macronutrient data available in the literature and were higher than values recorded for some
micronutrients. The energy-based adjustment did not change, or even reduced, correlation coefficient values,
as reported in another study.'® According to Willett,® the energy-based adjustment tends to increase
correlation coefficient values when nutrient intake variability is associated with energy intake; however,
correlation coefficient values can decrease when nutrient variability results from systematic under or
overestimation errors in food intake reports. As the present study found post-adjustment decrease in some
correlation coefficients, it is possible speculating that these errors may have happened in reports of both
methods.

The day-to-day variation in intra-individual food intake in the three 24-HDRs was corrected'’ by taking
into consideration that the random intra-individual error in the measurement of variables subjected to
comparisons tends to reduce correlation coefficients to zero. Thus, energy-based deattenuated and adjusted
correlation coefficients between FFQs and the reference method were calculated - FFQ2 recorded the highest
values after de-attenuation.

Although the intrapersonal variability in the herein investigated recalls was corrected, FFQs recorded
deattenuated values lower than 0.4 for micronutrients; this outcome may be explained by variability in
individual dietary intake. This fact points toward the need of carrying out more reference method applications
to enable analyzing the intake of these micronutrients in a more accurate way.'®

The herein analyzed data have shown greater correlation among information collected in the FFQ
applied in the second research stage (FFQ2). Thus, it is possible raising two hypotheses: the first one is that
interviewees were more familiar with the instrument and with its application form at the time they answered
the FFQ2, a fact that would make them able to quantify the ingested portions;* whereas the second
hypothesis referred to the incidence of the Hawthorne effect, i.e., participants would have changed their diet
in the interval between interviews because of the research.'®4° However, the same process was not observed
in FFQ3 results.
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The current study presented the following limitations: (1) The use of 24-HDR as reference method to
validate the FFQ, since error sources can be associated with each other because both methods depend on
participants’ memory® - although the evaluation period between both methods is different (24h for dietary
recall vs. months to 1 year interval for the FFQ), errors in the current study may have been minimized. (2) The
application of only three 24-HDRs may have posed limitations to measure participants' usual intake of most
micronutrients (from 2 to 28 24-HDRs, according to Slater et al.'’), although it was within the recommended
range and compatible to other studies of the same nature. (3) The sample size, which can influence the record
of higher correlation coefficients for some nutrients. According to some researchers,>® samples used in
validity studies should comprise from 50 to 100 individuals; however, it is just a recommendation. Studies
available in the literature have used different numbers of individuals, which ranged from 20 to 42
participants.”%>! (4) Features inherent to the adopted methods, such as difficulty in obtaining the exact size
of food portions consumed by participants, dependence on interviewees' memory and the likelihood of
variations in participants' eating habits throughout the study,*® as previously mentioned.

CONCLUSION

The herein developed quantitative FFQ has shown satisfactory reproducibility for energy, fibers and all
evaluated nutrients. It presented acceptable validity for energy and macronutrients, as well as for calcium
and sodium, in most FFQs. Although at lower values, correlation coefficients recorded for the other nutrients
were compatible to the ones reported in other studies similar to the present one.

Thus, the FFQ developed in the current study was effective in assessing the food intake of individuals
with systemic arterial hypertension and/or diabetes mellitus, who used Sistema Unico de Saude (SUS) -
Brazilian Unified Health System - in Maceid City - AL. Thus, it can be used in nutritional epidemiology studies
applied to this target population. In addition, this instrument can be incorporated to protocols focused on
assisting patients affected by these conditions in Unidades Basicas de Saude (UBS) - Basic Healthcare Units
- in the herein investigate city.
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