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Abstract

Background

A new food frequency questionnaire (FFQ) has been recently develafied the Italian
Adolescents and Surveillance System for the Obesity preventioB@AProject; it wa
found to be appropriate for ranking adolescents in food and nutrierd lEvietake. The air
of this study was to assess the relative and absolute reproyabthe ASSO-FFQ for 2
food groups, energy and 52 nutrients.

Methods

A test-retest study was performed on two ASSO-FFQs adtared one month apart of ed
other to 185 adolescents, aged 14-17 and attending secondary schoolsnio Pladdy).

Wilcoxon test assessed differences in median daily intakesebéet the two FFQ$
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Agreement was evaluated by quintiles comparison and weighted kappeab#r@orrelatio
Coefficients (ICC) and Bland-Altman method assessed the relatisieabsolute reliability
respectively.
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Results

Significant difference (p < 0.05) in median intakes was found onlybfead substitute
savoury food, water, soft drinks, carbohydrates and sugar. The subiassified into th
same or adjacent quintiles for food groups ranged from 62% (whitel)bi@e201% (sof
drinks); for energy and nutrients from 64% (polyunsaturated fattisyato 90% (ethanol).
Mean values of weighted kappa were 0.47 and 0.48, respectively for food gmodips
nutrients. Fair to good ICC values (>0.40) were assessed for thioee groups, energy and
forty-three nutrients. Limits of Agreement were narrow for gdmall food groups and all
nutrients.

IR

Conclusions

The ASSO-FFQ is a reliable instrument for estimating food groepergy and nutrients
intake in adolescents.
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Food frequency questionnaire, Reproducibility, Adolescent, Nutrient, Intake

Background

Public health studies need reliable and valid measures of daitydnd nutrients intake in
adolescents. Among the several methods to assess dietary iftakk, frequency
guestionnaires (FFQs) are commonly used because of their lovarmbsase of use [1,2].
However, the FFQ’s reproducibility is of prime concern [3]. Thacept of reproducibility
refers to the consistency of data obtained in more than one adatiarstof the same
instrument to the same subject at different times [4]. Twostygfereliability have been
identified, i.e. the relative reliability and the absolute oneRg]ative reliability is about the
consistency of the individual's position within a group with regardgh@ others [6].
Basically, food, energy and nutrients intake can vary widely witietiso precision at
individual level could be poor even if there is a good agreement ofmten intakes.
Therefore, also the absolute reliability, i.e. the degree to wkpbated measurements vary
for individuals [7], should be taken into account.

Different FFQs have been validated and have been shown to be reli@bl], but the need
of a web-based, more user-friendly, fast and cost-effective tedbéren recently highlighted
[13]. To this purpose, the ASSO-FFQ has been developed within the Adotesseht
Surveillance System for the Obesity prevention (ASSO) Prdjeancially supported by the
Italian Ministry of Health. It is a web-based questionnairdluded in the ASSO-NutFit
(Nutrition & Fitness) software that allows obtaining a datalmséood groups, energy and
nutrients intake in adolescents. It has been previously validated againsy av@iglated food
record (WFR) (2014, unpublished observations). The validation study revealgeévba
though the ASSO-FFQ was not suitable for measuring the absolutesraféll food groups



and nutrients, it was appropriate for ranking adolescents in food andnhutiels;

moreover, type of school, gender, alcohol consumption and between neealsignificant
explanatory variables of the intake differences between FFQM&HRI, thus influencing the
guestionnaire validity.

The aim of this study was to assess the relative and abseprtaducibility of the ASSO-
FFQ for 24 food groups, energy and 52 nutrients.

Methods

Study design and patrticipants

This reproducibility study applied a test-retest design. It wpproved by the ethical
committee of the Azienda Ospedaliera Universitaria PolidifiRaolo Giaccone” in Palermo
(approval code n.9/2011). All participants were provided with informationslaee had to
supply the informed consent signed by their parents before the beginning of the study.

A multistage sampling was used for the selection of subjectigipating in the Project: at
the first stage, a systematic sampling of 7 out of the 55 pahticprivate high schools of
Palermo, stratified per type of school (lyceum, technical pmdessional institute), was
performed; in the second stage, a cluster sampling of classesctoselected school allowed
obtaining the sample of students. A subgroup of students was selarcted feproducibility
study, on the basis of the type of school and age.

ASSO-FFQ’s administration

Participants were asked to web-compile two ASSO-FFQs at on¢hnapart of each other,
during classroom time and under the supervision of trained teachersaram nd April
2013. The ASSO-FFQ is a self-administered and semi-quantitativacounasre, asking the
portion size and the frequency of consumption over the previous six mBottien size is
assessed through the use of three pictures showing three sibesfobd/beverage (small,
medium, large) and of household units; the following frequencies wetktasassess the
frequency of consumption: never, 1-2 times per month, once per week, 2sfpameeek,
5—6 times per week, once per day, twice per day, 3-5 times per day.

The ASSO-FFQ comprises a total of 106 food items, and requires cagav&0 min to be
compiled.

Data collected from both FFQs were processed within the AS@EiNsoftware and were
transformed into daily energy and nutrients intake by means dfalemn tables of nutrient
composition (http://www.inran.it/646/tabelle_di_composizione_degli_aliment)hthl the
Istituto Nazionale di Ricerca per gli Alimenti e la Nutoze (INRAN) and of the food
composition databases (http://fnic.nal.usda.gov/food-composition) of the USitats
Department of Agriculture (USDA), that were included into the software.

In order to facilitate the conversion into nutrients, the 106 food itesr® combined

according to their nutrient composition (see Additional file 1) @4ofood/beverage items
that were finally investigated: vegetables, fresh fruit, dfredt, nuts, legumes, breakfast
cereals, white bread, bread substitutes, pasta/rice/couscous, paaes, cheeses/yogurt,



fishery products, meat, eggs, animal fats, oils, savoury food, watemraks, fruit juice,

milk, tea/coffee, alcoholic drinks. Energy and a total of 52 nutrieltes were also
considered as outcomes: total fat, saturated fatty acids (&hAstic acid, palmitic acid,
stearic acid, monounsaturated fatty acids (MUFA), oleic acid, payursed fatty acids
(PUFA), linoleic acid, linolenic acid, arachidonic acid, eicosap&wiaeacid (EPA),

docohexaenoic acid (DHA), trans fatty acids (TFA), cholesteroleim®t arginine, cystine,
phenylalanine, isoleucine, histidine, leucine, lysine, methionine, tyrodime=onine,

tryptophan, valine, carbohydrates, sugar, fructose, lactose, sustaseh, fiber, water,
calcium, phosphorus, iron, magnesium, vitamin A RAE (Retinol Activiguizalents),

thiamin, riboflavin, niacin, vitamin g folate, vitamin By, vitamin C, vitamin D, vitamin E,
ethanol, caffeine.

Further indications on the development, data treatment and validatibe 865SO-FFQ are
showed in the validation study (2014, unpublished observations).

Web-based data obtained through the ASSO-FFQ’s compilation wemraatidally included
into a database by the ASSO-NutFit software, after perfayran automatic checking of data
entry.

Statistical analysis

The obtained database was entered the software STATA/MP 12taG&alP, college
Station, TX, USA) and statistical analyses were then performed.

Since the data were not normally distributed, as assessed thitwidgbhapiro-Wilk test,
medians and interquartile ranges of food groups, energy and nutrient wweteesarried out
on data from the two compiled FFQs. Using the Wilcoxon signedtesmtkintake estimates
of food groups, energy and nutrients obtained from the FFQs were imamphe proportion
of subjects categorized in the same quintile by both the FFQe satne or adjacent quintile
and in all other quintiles was determined. Weighted kappa was usgpgrés® agreement in
the classification of individuals and was weighted to take into accthentdegree of
disagreement between the two FFQs. They were compared witlolkheirig thresholds
[14]: <0 = less than chance agreement; 0.01-0.20 = slight agreement; 0.21{a#0 =
agreement; 0.41-0.60 = moderate agreement; 0.61—-0.80 = substantial agreemé¢nh§30-81
almost perfect agreement.

Intraclass Correlation Coefficient (ICC), one of the most commuaséd relative reliability
index, was estimated. ICC values were interpreted as folle@st0 = poor reliability; 0.41—
0.75 = fair to good reliability; >0.75 = excellent reliability [15].

To describe absolute reliability, Bland-Altman levels of agrent (LOA) were performed
according to the following formulation:

d % th_1,00s5dy (1 +1/n)

whered is the mean difference between the FFSjs the standard deviation of the
difference between theny, - 100sis the value of corresponding to two-sided p-value = 0.05

for n— 1 degrees of freedom agq1 + 1/n) is an adjustment for small sample size.



The 95% LOA proposed by Bland and Altman were showed to check whie¢heariability
and the precision of the ASSO-FFQ’s measurements wereddtatthe size of the intake
estimates [16]. LOA by food groups were obtained overlaying thieqgbldifference versus
mean between the two FFQs. The exponentiated mean different©Angrovided the ratio
of intake estimated by the two FFQs: LOA ranging between risD 200% indicated an
acceptable agreement [17]. ICC and Bland & Altman analyses werformed on log-
transformed, energy-adjusted data to achieve normality, takingactount the confounding
effect related to the total consumption of energy. Student t testused to assess mean
differences; significant dependence of the difference in intskenates from the average
level of intake was assessed through linear regression.

Results

Food groups and nutrients intake of 185 male and female adolescentM(72%% F), aged
14-17 (mean 15.9, SD 1.01), was investigated (as shown in Table 1).

Table 1 Sample composition per age and sex

Age (years) Females % Males % Total %

14 9 20% 11 8% 20 11%
15 12 26% 26 19% 38 21%
16 15 33% 39 28% 54 29%
17 10 22% 63 45% 73 39%
Total 46 100% 139 100% 185 100%

Food groups

Food groups’ median intakes, estimated by both the FFQs, are showner2T &liiferences
between medians were significant (positive) only for bread sulestjtsavoury food, water
and soft drinks.



Table 2Median, interquartile range, Wilcoxon test, quintiles comparison, weightedappa of 24 food groups daily intakes

ASSO-FFQ1 ASSO-FFQ2

Food groups Median First Third Median First Third Difference between % correct % correct or adjacent % all the Weighted

quartile quartile quartile quartile mediang' classified classified others kappa
Vegetables (g) 112.85 48.57 232.86 95.35 29.65 5238. 17.50 33 74 26 0.51
Fresh fruit (g) 150.00 67.15 307.14 150.00 64.29 2.80 0.00 38 77 23 0.58
Dried fruit (g) 0.00 0.00 0.36 0.00 0.00 1.07 0.00 58 83 17 0.21
Nuts (g) 0.21 0.00 0.57 0.00 0.00 0.21 0.21 54 86 14 0.39
Legumes (g) 21.43 10.36 51.43 22.85 8.57 47.15 214 31 64 36 0.33
Breakfast cereals (g) 1.07 0.00 19.29 1.61 0.00 2919. -0.54 30 82 18 0.47
White bread (g) 47.14 18.57 84.29 4572 17.14 98.58 142 31 62 38 0.33
Bread substitutes (g) 20.64 10.64 44.13 17.25 7.07 37.36 3.39 * 29 70 30 0.49
Pasta/rice/couscous 119.29 60.00 216.79 108.57 47.14 192.86 10.72 374 7 26 0.47
(@)
Potatoes (g) 69.65 34.29 120.01 60.00 26.43 109.29 9.65 38 69 31 0.48
Sweets () 95.40 41.58 188.99 89.16 41.72 172.99 24 6. 37 77 23 0.56
Cheeses/yogurt (g) 50.36 15.89 119.29 46.96 16.25 12.14 3.40 40 73 27 0.46
Fishery products (g) 32.22 11.79 75.28 36.43 1394 72.15 -4.21 41 77 23 0.56
Meat (Q) 171.45 104.64 256.08 164.29 96.43 280.72 167 36 75 25 0.47
Eggs (9) 8.57 2.14 25.71 8.57 2.14 8.57 0.00 50 70 30 0.41
Animal fats (g) 0.71 0.18 2.14 0.89 0.18 2.32 -0.18 39 73 27 0.56
Oils (g) 36.97 2251 63.71 34.12 20.37 57.62 2.85 34 70 30 0.42
Savoury food (g) 222.85 122.84 367.85 194.99 107.84 295.69 27.86 * 37 72 28 0.41
Water (ml) 4 2 000.00 6 000.00 3 1 000.00 4000.00 1 000.00 o 35 63 37 0.32

000.00 000.00

Soft drinks (ml) 53.57 8.92 254.46 29.65 4.46 183.2 23.92 ok 39 91 9 0.59
Fruit juice (ml) 85.71 14.28 200.00 3571 7.14 171. 50.00 34 68 32 0.51
Milk (ml) 196.43 35.71 250.00 116.07 17.86 250.00 0.38 43 79 21 0.57
Tea/coffee (ml) 3571 3.58 100.00 39.29 1.79 100.00 -3.58 51 84 16 0.57
Alcoholic drinks (ml) 36.43 7.50 127.85 47.14 11.79 153.57 -10.71 57 89 11 0.66

*P <0.05; *P < 0.01; ***P < 0.001.

& Medians significantly different (Wilcoxon signed rank test for differ@hetween paired observations.



The percentage of adolescents classified into the same quindise40% on average, ranging
from 29% (bread substitutes) to 58% (dried fruit), while the percentdgcorrectly or
adjacent classified ranged from 62% (white bread) to 91% (3oks)y with a mean value of
75%. The weighted kappa values showed substantial agreement (0.61e0.&ljoholic
drinks, and moderate agreement between 0.41-0.60 for vegetables, frésiréakfast
cereals, bread substitutes, pasta/rice/couscous, potatoes, sweetsestyogurt, fishery
products, meat, eggs, animal fats, oils, savoury food, soft drinks,uicet milk, tea/coffee.
Dried fruit, nuts, legumes, white bread and water showed fair vafuegppa (between 0.21
and 0.40); no food groups showed low agreement. The mean kappa value was 0.47.

Poor relative reliability was assessed for dried fruit, netgurmes, breakfast cereals, white
bread, bread substitutes, pasta/rice/couscous, potatoes, fishery pregigstils, with ICC

< 0.40, while for all the other food groups, namely vegetables, fresh Bweets,
cheeses/yogurt, meat, animal fats, savoury food, water, safksdriruit juice, milk,
tea/coffee, alcoholic drinks, fair to good reliability was observed (ICC ) @¥able 3).

Table 3Intraclass correlation coefficients, exponentiated mean differencand 95%
LOA of food groups daily intake, performed on transformed, energy-adjustedlata

Food groups ICC Mean difference (%) P-value t test Lower limit (%) ? Upper limit (%) ®
Vegetables (g) 0.46 99.97 0.952 89.68 111.44
Fresh fruit (g) 0.54 100.25 0.654 87.74 114.55
Dried fruit (g) 0.03 100.00 0.857 99.51 100.50
Nuts (g) 0.22 100.00 0.797 99.92 100.08
Legumes (g) 0.14 99.97 0.803 97.36 102.66
Breakfast cereals (g) 0.27 99.97 0.639 98.35 101.62
White bread (g) 0.34 99.94 0.765 95.55 104.54
Bread substitutes (g) 0.21 100.06 0.544 97.62 102.5
Pasta/rice/couscous (g) 0.36 100.10 0.606 95.57 .8%04
Potatoes (g) 0.37 99.98 0.889 95.83 104.29
Sweets (g) 0.43 99.89 0.639 94.35 105.75
Cheeses/yogurt (g) 0.41 99.89 0.614 95.07 104.97
Fishery products (g) 0.40 99.84 0.152 97.19 102.56
Meat (g) 0.41 99.56 0.040 94.61 104.76
Eggs (g) 0.37 100.02 0.557 99.22 100.83
Animal fats (g) 0.44 100.00 0.827 99.90 100.10
Oils (9) 0.23 99.94 0.398 98.34 101.57
Savoury food (@) 0.41 100.23 0.475 92.81 108.24
Water (ml) 0.47 102.05 0.611 39.63 262.83
Soft drinks (ml) 0.49 100.95 0.241 83.48 122.06
Fruit juice (ml) 0.41 100.59 0.274 88.64 114.15
Milk (ml) 0.56 100.50 0.318 89.30 113.11
Teal/coffee (ml) 0.56 100.09 0.649 95.38 105.04
Alcoholic drinks (ml) 0.51 99.73 0.286 93.99 105.83

@ Lower and upper Limits Of Agreement estimated through the Bland-Altmarochet

Thirteen out of the 24 food groups showed intake estimates fror2 EEQerally lower than
those ones from the first administration; however, these diffesewere significant (p-value
< 0.05) only for meat (Table 3).

The exponentiated value of mean differences (mean ratio) was 100.15%emge. LOA
were within 50% and 200% for food groups, except for water, whose Ioweu@er limits
were 39.63% and 262.83% respectively (Table 3).

Only eight out of the 24 food groups showed significant dependence (p<val@&) of the
difference in intake estimates from the average level okentdried fruit, nuts, legumes,



bread substitutes, potatoes, meat, savoury food and fruit juice. As rmplexacatter plots
with LOA of legumes, oils, meat and savoury food are shown (Figure 1).

Figure 1 Bland Altman plots for the reproducibility analysis of legumes, oils, meaand
savoury food.The solid horizontal lines indicate the mean difference (percentagegdretw
the two measures and the broken horizontal lines indicate the lower and upper Limits of
Agreement (3d1.0.0255DS).

Energy and nutrients

Table 4 shows median intakes of energy and nutrients, estimatsattbthe FFQs, and the
difference between medians. Wilcoxon signed rank test assdgséitant differences of
median intakes only for carbohydrates and sugar.



Table 4Median, interquartile range, Wilcoxon test, quintiles comparison and weigted kappa of energy and nutrients daily intakes.

Nutrients ASSO-FFQ1 ASSO-FFQ2

Median First Third Median First Third Difference between % correctly % correctly or adjacent % all the Weighted
quartile quartile quartile quartile mediang' classified classified others kappa
Energy (kcal) 3 2346.47 4458.82 2 1817.75 4099.51 248.90 32 69 31 0.38
245.15 996.25
Total fat (g) 140.39 98.15 200.76 134.06 79.60 185. 6.33 29 73 27 0.39
SFA (g) 69.23 44.80 171.09 70.41 43.37 165.40 18-1. 41 74 26 0.47
Myristic acid (g) 1.48 1.05 2.30 1.48 0.93 21 0.00 31 66 34 0.40
Palmitic acid (g) 18.16 12.63 26.69 17.65 30.2 25.15 0.52 30 72 28 0.45
Stearic acid (9) 8.23 5.92 12.59 7.74 4.77 311. 0.50 32 73 27 0.46
MUFA (9) 66.32 43.55 95.77 64.69 38.12 91.91 1.63 32 65 35 0.41
Oleic acid (g) 34.80 2451 50.12 35.18 22.15 8.81 -0.38 29 65 35 0.40
PUFA (9) 26.25 16.07 47.41 25.18 13.94 48.69 1.07 32 64 36 0.32
Linoleic acid (g) 22.83 13.30 42.37 21.47 D019 41.30 1.36 37 65 35 0.32
Linolenic acid (g) 1.20 0.80 1.66 1.10 0.68 541. 0.10 33 73 27 0.45
Arachidonic acid 0.16 0.11 0.22 0.14 0.10 0.25 0.02 33 72 28 0.51
@
EPA (9) 0.08 0.04 0.17 0.09 0.04 0.16 -0.01 9 3 75 25 0.58
DHA (g9) 0.16 0.08 0.34 0.18 0.07 0.33 -0.03 4 4 75 25 0.62
TFA (9) 0.90 0.58 143 0.92 0.54 1.33 -0.02 32 17 29 0.40
Cholesterol (mg) 318.45 227.24 491.17 293.57 7B4.  449.79 24.89 32 72 28 0.45
Proteins (g) 118.49 85.74 168.40 112.11 69.29 546 6.38 35 70 30 0.45
Arginine (g) 5.18 3.79 7.17 5.22 3.24 7.20 -0.04 32 70 30 0.49
Cystine (g) 1.30 0.97 1.73 1.28 0.77 1.73 0.02 1 3 69 31 0.49
Phenylalanine (g) 4.24 3.19 5.97 4.19 2.60 5.70 .050 35 75 25 0.50
Isoleucine () 3.98 2.95 5.44 3.67 2.36 5.48 0.31 30 73 27 0.50
Histidine (g) 2.93 2.23 4.13 2.94 1.90 4.13 -0.02 32 71 29 0.49
Leucine (g) 12.88 7.49 23.11 12.79 6.87 24.33 00.1 35 68 32 0.42
Lysine (g) 12.64 6.83 22.55 12.33 6.55 23.53 0.31 32 70 30 0.41
Methionine (g) 2.97 1.97 4.07 2.76 1.87 3.98 0.21 33 73 27 0.51
Tyrosine (g) 3.40 2.57 4.85 3.31 2.13 4.64 0.09 34 72 28 0.51
Threonine (g) 3.58 2.64 5.03 3.58 221 4.89 0.00 34 75 25 0.50
Tryptophan (g) 145 0.95 1.96 1.35 0.92 1.92 0.10 36 73 27 0.51
Valine (g) 4.68 3.48 6.37 4.26 2.74 6.41 0.43 30 73 27 0.50
Carbohydrates (g) 361.98 260.25 503.68 339.96 R02.3 447.99 22.03 30 69 31 0.36
Sugar (g) 104.97 74.41 152.52 95.27 65.08 133.47 9.71 *28 70 30 0.46
Fructose (g) 13.82 7.74 24.99 1271 7.14 2461 111 34 75 25 0.52
Lactose () 10.17 3.14 13.95 7.22 2.24 13.14 952 46 80 20 0.59

Sucrose (g) 1199 8.44 17.25 11.25 7.22 16.62 0.74 39 77 23 0.54




Starch (g) 101.81 72.13 161.65 100.26 61.52 1473 155 30 67 33 0.41

Fiber (g) 32.00 21.18 42.70 29.03 17.97 40.98 729 37 68 32 0.41
Water (ml) 1 912.43 1743.27 1 804.77 1768.61 180.36 39 75 25 0.48
342.20 161.84
Calcium (mg) 1 698.31 1486.43 979.70 593.06 1452.65 99.61 31 70 30 0.42
079.31
Phosphorus (mg) 1 1195.17 2 268.23 1 995.03 2134.50 59.83 38 73 27 0.47
629.90 570.07
Iron (mg) 23.34 1561 30.55 21.94 13.74 31.80 1.40 35 66 34 0.40
Magnesium (mg) 346.07 239.18 460.32 316.80 205.82 46.44 29.27 40 71 29 0.46
Vitamin A (RAE) 650.08 389.61 1008.94 613.63 3980.6 1005.83 36.45 31 73 27 0.50
Thiamine (mg) 1.74 1.24 251 1.59 1.03 2.45 0.15 9 3 70 30 0.51
Riboflavin (mg) 2.13 151 2.93 2.04 1.34 3.16 0.09 33 70 30 0.46
Niacin (mg) 118.13 78.78 229.63 122.50 67.88 208.29 -4.37 36 78 22 0.57
Vitamin Bs (mg) 2.70 1.86 3.81 2.50 1.59 4.02 0.20 37 74 26 0.46
Folate (19) 264.65 173.93 387.41 236.81 172.02 363.14 27.84 35 70 30 0.46
Vitamin By (ug) 8.34 5.70 11.38 8.52 4.65 12,51 -0.18 33 78 22 0.56
Vitamin C (mg) 132.87 83.73 190.89 110.75 78.79 349 22.13 36 67 33 0.47
Vitamin D (IU) 3.84 2.20 5.92 3.85 1.85 6.28 -0.01 39 75 25 0.60
Vitamin E (mg) 355.96 243.52 452.40 318.30 208.20 76.98 37.66 34 70 30 0.45
Ethanol () 1.83 0.37 6.17 1.85 0.37 7.17 -0.01 56 90 10 0.72
Caffeine (mg) 19.81 5.82 40.30 1557 4.44 36.17 54.2 42 85 15 0.66

*P < 0.05; *P < 0.01; **P < 0.001.

& Medians significantly different (Wilcoxon signed rank test for differ@hetween paired observations.

SFA: saturated fatty acids; MUFA: monounsaturated fatty addl#=A: polyunsaturated fatty acids; EPA: eicosapentaenoic axia:
docohexaenoic acid; TFA: trans fatty acids; RAE: retinol activity equivalent



The percentage of adolescents classified into the same quimdidesn average 35%, ranging
from 28% (sugar) to 56% (ethanol), while the percentage ofattyrrer adjacent classified
ranged from 64% (PUFA) to 90% (ethanol), with a mean value of 72%.

The weighted kappa values showed substantial agreement (0.61-0.80)ApetEnol and
caffeine, while ranged between 0.21-0.40 (fair agreement) fogrtetal fat, myristic acid,
oleic acid, PUFA, linoleic acid, TFA, lysine, carbohydrates, ktafiber and iron. All the
other nutrients showed moderate agreement (between 0.41 and 0.60).

ICC values ranged between 0.21 and 0.40 only for 9 nutrients (totahyaistic acid,
MUFA, oleic acid, PUFA, linoleic acid, cholesterol, starch and)iravhile all the other
nutrients showed fair to good reliability (ICC > 0.40) (Table 5).



Table 5Intraclass correlation coefficients, exponentiated mean differencand 95% LOA of nutrients daily intake, performed on
transformed, energy-adjusted data

Nutrients ICC Mean difference (%) P-value t test Lower limit (%) # Upper limit (%) @
Total fat (g) 0.36 100.40 0.284 92.31 109.42
SFA (9) 0.50 99.80 0.884 77.11 129.69
Myristic acid (g) 0.33 100.20 0.602 90.48 B0
Palmitic acid (g) 0.43 100.60 0.237 89.58 152.
Stearic acid (g) 0.47 100.80 0.103 89.58 H27
MUFA (9) 0.38 100.20 0.767 87.81 113.88
Oleic acid (g) 0.37 100.00 0.967 87.81 113.88
PUFA (9) 0.28 100.00 0.972 81.87 122.14
Linoleic acid (g) 0.29 100.00 0.999 81.06 BZ3.
Linolenic acid (g) 0.42 100.40 0.165 94.18 267
Arachidonic acid (g) 0.50 100.00 0.862 98.02 02.02
EPA (g) 0.59 100.00 0.868 98.02 102.02
DHA (g) 0.61 100.00 0.877 96.08 104.08
TFA (9) 0.44 100.00 0.927 92.31 108.33
Cholesterol (mg) 0.23 100.40 0.476 88.69 113.88
Proteins (g) 0.41 100.30 0.347 93.24 108.33
Arginine (g) 0.48 100.30 0.430 91.39 110.52
Cystine (g) 0.50 100.30 0.275 94.18 106.18
Phenylalanine (g) 0.48 100.50 0.194 92.31 4D9.
Isoleucine (g) 0.47 100.50 0.162 92.31 109.42
Histidine (g) 0.49 100.30 0.360 92.31 109.42
Leucine (@) 0.40 99.70 0.738 82.70 119.72
Lysine (g) 0.40 99.60 0.607 82.70 119.72
Methionine (g) 0.52 100.20 0.622 91.39 109.42
Tyrosine () 0.49 100.50 0.209 92.31 109.42
Threonine (g) 0.49 100.40 0.254 92.31 109.42
Tryptophan (g) 0.52 100.20 0.541 93.24 107.25
Valine (g) 0.47 100.60 0.125 92.31 110.52
Carbohydrates (g) 0.43 100.80 0.001 96.08 106.18
Sugar (9) 0.51 101.11 0.022 90.48 112.75
Fructose (g) 0.51 101.71 0.053 82.70 125.86
Lactose () 0.60 100.90 0.298 81.87 124.61
Sucrose (g) 0.53 101.11 0.063 87.81 116.18
Starch () 0.31 101.01 0.094 87.81 116.18
Fiber (g) 0.46 100.80 0.068 91.39 111.63

Water (ml) 0.61 100.60 0.090 93.24 108.33




Calcium (mg) 0.45 100.40 0.338 91.39 110.52
Phosphorus (mg) 0.49 100.00 0.839 95.12 105.13
Iron (mg) 0.37 100.40 0.432 89.58 112.75
Magnesium (mg) 0.45 100.30 0.292 93.24 108.33
Vitamin A (RAE) 0.48 100.30 0.649 84.37 118.53
Thiamine (mg) 0.55 100.20 0.570 91.39 110.52
Riboflavin (mg) 0.45 100.40 0.322 92.31 109.42
Niacin (mg) 0.59 100.80 0.321 83.53 122.14
Vitamin Bs (Mmg) 0.46 100.30 0.446 90.48 110.52
Folate(ig) 0.52 100.40 0.453 89.58 112.75
Vitamin Byy(ng) 0.46 100.10 0.844 87.81 113.88
Vitamin C (mg) 0.57 100.80 0.140 88.69 113.88
Vitamin D (IU) 0.56 100.40 0.510 87.81 115.03
Vitamin E (mg) 0.51 100.20 0.694 91.39 109.42
Ethanol (g) 0.73 99.10 0.247 83.53 118.53
Caffeine (mg) 0.63 101.21 0.304 77.11 132.31

@ Lower and upper Limits Of Agreement estimated through the Bland-Altmarochet
SFA: saturated fatty acids; MUFA: monounsaturated fatty adMl#=A: polyunsaturated fatty acids; EPA: eicosapentaenoic axia:

docohexaenoic acid; TFA: trans fatty acids; RAE: retinol activity equivalent



For almost all nutrients (48 out of 52) mean differences of intakenates (FFQ1-FFQ2)
were slightly positive, with an average mean ratio of 100.40%; tfereliice was significant
only for carbohydrates and sugar (p < 0.05) (Table 5). LOA werewmdmoall nutrients
(Table 5), which showed good distribution of the differences in intalkmats around the
mean intake.

Arachidonic acid, cholesterol, cystine, carbohydrates, sucrose, diechiron, magnesium,
thiamine, riboflavin, vitamin Band vitamin B, showed significantly higher differences at
lower levels of average intake (p-value < 0.05); on the contraryyehife in DHA intake
estimates was lower at lower levels of intake. Figure 2 sheoatter plots with LOA for
proteins, total fat, calcium and vitamin E.

Figure 2 Bland Altman plots for the reproducibility analysis of proteins, total fat,

calcium and vitamin E. The solid horizontal lines indicate the mean difference (percentage)
between the two measures and the broken horizontal lines indicate the lower and upper
Limits of Agreement (dgh.0.0255DS).

Discussion

This study shows the relative and absolute reproducibility of 8@@FFQ in estimating 24
food groups, energy and 52 nutrients intake. Results from the analg&iate that it is a
reliable instrument for ranking individuals according to the level of intake.

The reproducibility was estimated by means of different toBesed on the medians
comparison, the intake estimates of all food groups, except for veaterdrinks, bread
substitutes and savoury food, were not significantly different betwkentwo FFQs,
indicating high reliability of the estimation by the ASSO-FH®e results for foods such as
milk and cheese, fruit, breakfast cereals, bread, fat spreatiegfis/meat, pasta/rice,
potatoes and vegetables are in line with the study from Matthgs EL8]. The result for
water is consistent with a previous study [18], which reported &gnif difference in the
medians of water intake. The low reproducibility found for water inpghesent study is
confirmed also by the kappa value and the percentage of subjesiiethin the correct or
adjacent quintile, which were among the lowest values obtained (0.33&mndespectively);
moreover, the analysis on transformed data showed wide LOA, indidatmgbsolute
reproducibility for water. This could be due to difficulties of adcéeds in reporting water
intake, since it is consumed many times a day and it iculiffto keep count of the right
amount consumed. In American adolescents water intake is positsssdgiated with age,
and is inversely associated with the intake of beverage mosturéhe energy density of
foods [19]; maybe a further analysis of the association of wiatake with different
determinants in our sample could help better understanding water intake.

A similar argumentation could be done for soft drinks, whose consuntm®significantly
increased in the new generations, often leading them to substitute water intake.

The low reliability of bread substitutes and savoury food could beéecel® the specific
inability of adolescents to count the daily intake of these food groups.

The comparison of the mean differences of food intakes indicatechatsestimates from the
first administration were on average 0.15% higher than those frorsettend one, thus



showing high agreement between the two FFQs. Moreover, all foods shnawed/ LOA,
indicating a good level of agreement between the two estimetegpt for water, as
mentioned above. Foods showed in Figure 1 were taken as an exsimgaeresults were
similar for all foods; a comparison with other studies is not ptessince the Bland Altman
method has been rarely used in previous reproducibility studies for food intakes.

Also energy and all nutrients did not show significantly differergdians, except for
carbohydrates and sugar. The result for carbohydrates has beeledgmewviously [20].
However, the relative reproducibility for carbohydrates and suger acceptable, as the
classification in the same quintile was fair (respectively 309d 28%), as well as the
agreement estimated by the weighted kappa; moreover, ICC \&toesed fair to good
reliability, and the LOA were narrow similarly to those obshnutrients. These results are
comparable to those from a previous study [21], which found 36% (for cahadbs) and
31% (for sugar) of subjects classified in the same quintile epdrted high ICC for both
nutrients (0.70 and 0.77 respectively). Another similar finding [10] showedodf %4bjects
classified in one quintile and a substantial agreement (weightggpba 0.64) for
carbohydrates.

On average, subjects were quite well ranked according to thedef@bd intake (mean of
correctly or adjacently classified 75%, and of correctly classified 40%)

Energy and nutrients showed also good relative reliability, witleraemtage of correctly
classified subjects ranging between 28% and 56% (mean 35%). Tletis exe slightly
higher than those reported previously by Dechamps et al. [21] hcabgitween 18% and
46% (mean 30%), and Watson et al. [22], ranging between 23% and 39% (mean 32%).

The analysis of weighted kappa showed moderate agreement both for réags @nd
energy/nutrients (mean kappa values were 0.47 and 0.48 respectivelyipdicatng that
the ASSO-FFQ has an overall acceptable reliability. Sinnéaults were found for energy
and nutrients in other studies [20,21], which observed mean weighted kamdacequi2
and 0.44. Good results were obtained also with the ICC values, which csliawgood
reliability for most food groups and most nutrients. In line vaitfother study [20] total fat
and iron were among the nutrients with poor reliability. On therapnta previous study
[21] found higher reliability for total fat. However, for theseotwutrients in the present
study the difference of medians was not significant, the velagproducibility assessed by
the quintiles method was acceptable, the agreement was faihandOA were narrow
(Figure 2 includes LOA for total fats), thus indicating a reasonable regboldy.

Bland Altman analysis showed very small mean differences amown&OA both for food
groups and nutrients, indicating an absolute reliability betweetwiheneasures. Moreover,
a trend towards smaller difference in some food groups and nutaiecdsding to increased
intake values was assessed, so that the level of absolutelitgliabthe ASSO-FFQ was
related to the average level of intake estimates.

Common outcome of many studies [20,23-25] is that the reported intakgsnamally higher
in the first administration than in the second. The present shayesl that intake estimates
from the first administration were on average 0.4% higher thar thoms the second one.
These findings are in line with those studies, even though signifiliféertences were found
only for few foods and nutrients.



All the obtained results lead to state that the ASSO-FFQebadle tool. Although gathered
measures could be biased by the self-reporting method of the AEQQthere is evidence
that children are more accurate reporters than their parentsN@8¢over, as suggested
previously [27], the second ASSO-FFQ was administered after onéhjrem interval that
was retained reasonable to avoid change in diet due to food seasoothidy;studies
considered a longer time interval [8,22].

However, the study suffers from some limitations. Firstly, tieme was composed of a
higher number of male adolescents compared to females; this wde thes predominant

presence of males in one of the selected schools. Another limitea®ithe assumption that
for test—retest reliability the true intake did not change éetwadministrations [6]. The other
assumption was that the time period between administrations wasonlmng, in order to

avoid any changes in diet or recall bias, and not too short, in twderoid that subjects

could reproduce the answers by mean of learning processes [28].

Conclusions

In conclusion, this reproducibility study provides information on the ctamsig and stability
of the answers of a previously validated FFQ. The ASSO-FRQrdiable instrument for
estimating food groups, energy and nutrients intake in adolescents, arghithibe used in
epidemiological studies on large scale to obtain reliable estimations over time
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