
January-March 2021 | Vol. 59 | No. 174

Development and Validation of a Food Frequency  
Questionnaire for Population of Adolescents in Croatia 

original scientific paper 
ISSN 1330-9862

https://doi.org/10.17113/ftb.59.01.21.6630

Ana Močić Pavić1*# ,  
Sara Sila1# ,  
Tena Niseteo1 ,  
Iva Hojsak1,2,3  and 
Sanja Kolaček1,2

1 Children’s Hospital Zagreb, Klaićeva 
16, 10000 Zagreb, Croatia

2 University of Zagreb, School of 
Medicine, Šalata 2, 10000 Zagreb, 
Croatia

3 J.J. Strossmayer University of Osijek, 
Faculty of Medicine in Osijek, Josipa 
Huttlera 4, 31000 Osijek, Croatia 

Received: 10 January 2020
Accepted: 11 March 2021 

*Corresponding author:
Phone: +385914600765
Fax: +38514600160
E-mail: sara.sila0810@gmail.com

#Both authors contributed equally  
 and share first authorship

SUMMARY 
Research background. Food frequency questionnaire (FFQ) is an important method for 

the estimation of dietary intake in epidemiologic studies. The aim of the study is to devel-
op a FFQ and evaluate its relative validity for adolescents 12 to 18 years old.

Experimental approach. FFQ was developed from a previously validated youth/adoles-
cent diet questionnaire (YAQ) by modifying it in order to include Croatian national foods. 
The final version of the FFQ (FFQ-m) comprised 87 food items. The reference method was 
a set of two 3-day food records (3DFR) administered twice during the 3 non-consecutive 
days, one month apart. The FFQ-m was administered approximately on the last day of the 
second applied dietary food record. Adolescents were recruited from randomly selected 
elementary and high schools in urban and rural areas of Croatia. FFQ-m was validated on 
a sample of 84 adolescents (70.2 % female). Nutritional intake from FFQ-m and 3DFR was 
analysed for each participant. Spearman correlation coefficients (r) and Bland-Altman 
method were used to assess the validity of the FFQ-m compared to 3DFR. Anthropomet-
ric parameters were assessed in 78 adolescents. 

Results and conclusions. The mean nutrient intake estimated by the FFQ-m was higher 
than that of the 3DFR. The average correlation coefficient for energy and nutrients in our 
validation study was 0.40. On average, 76.5 % of adolescents were classified in the same 
or adjacent quartile of the nutrient intake. Bland-Altman analysis showed good agreement 
with all macronutrients and some micronutrients (sodium, phosphorus, potassium, calci-
um, magnesium and iron). A simple self-administered questionnaire completed by ado-
lescents is a valid tool for measuring energy and nutrient intake among adolescent pop-
ulation. 

Novelty and scientific contribution. This is the first FFQ developed and validated for pop-
ulation of adolescents in Croatia. It will contribute to further research of nutritional intake 
in the population of adolescents, especially those from the region. 

Key words: food frequency questionnaire, 3-day food record, questionnaire validation, 
adolescents 

INTRODUCTION
Although the trends of adolescent overweight and obesity have levelled off in some 

European countries, the prevalence remains high (1). Therefore, nutritional intake and diet 
quality remains an important focus of scientific community. Furthermore, it is already well 
recognized that diet, along with environmental and life-style determinants, plays an im-
portant role in the aetiopathogenesis and, vice versa, in the prevention of several non-
-communicable diseases (2), particularly if it starts in early childhood (3). In order to under-
stand the association between diet and different diseases, appropriate tools for dietary 
assessment need to be developed (4). Standard methods of assessment of dietary intake 
include 24-hour recalls, food diaries and food frequency questionnaires (FFQs) (5). Cur-
rently, all of the available methods for dietary intake assessment have their advantages 
and disadvantages (5). The choice, therefore, depends on the size of the studied popula-
tion, price, objectives of the study, among others (6,7).
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In clinical and epidemiological studies, the most com-
monly used dietary assessment tools are FFQs (5). Quantita-
tive FFQ estimates frequency and quantity of consumption 
of different foods and beverages. Moreover, FFQ can assess 
consumption of food during the previous month or previous 
year. Their advantages over other dietary assessment tools 
are a lower respondent burden, cost effectiveness and time 
saving (8). They can also be used to estimate both micro- and 
macronutrient intake, as well as the intake of foods and/or 
food groups (9).

There has been limited research into the diet of Croatian 
adolescents, and therefore, development and validation of 
FFQ is necessary. FFQs are in most cases validated against 
other methods that assess dietary intake such as 3-day food 
records (3DFR) or 24-hour recalls (5). The aim of this study is, 
therefore, to develop a quantitative FFQ and evaluate its rel-
ative validity against two 3-day non-consecutive food re-
cords for adolescents living in Croatia. 

MATERIALS AND METHODS

Study design

The study was conducted to evaluate the validity of the 
modified food frequency questionnaire (FFQ-m). A set of two 
3-day food records (3DFR) was applied twice during 3 non - 
-consecutive days (including one day of the weekend). The 
time interval between each dietary food record was approx-
imately one month. The FFQ-m was administered in elemen-
tary or high school approximately on the last day of the sec-
ond applied 3DFR (approximately one month after the first 
3DFR). 

FFQ-m and 3DFR were distributed and anthropometric 
parameters were assessed in randomly selected elementary 
and high schools in urban and rural areas in Croatia. Each par-
ticipant was required to fill out an FFQ-m and two 3DFRs. 
Both 3DFRs were distributed in schools at the same time. Par-
ticipants were instructed to fill out one 3DFR shorty after its 
distribution, and the second after approximately one month. 
A month after the distribution of the two 3DFRs, FFQ-m was 
administered on site (at school), so that the interviewer (a 
physician) was available to provide assistance and clarifica-
tion of the questionable responses. The 3DFRs were self-ad-
ministered by adolescents who were 13 years old or older. For 
children who were 12 years old, data were collected with the 
help of their parents. Participants or their parents were in-
structed to enter all consumed foods and drinks in the 3DFR 
during the 3 non-consecutive days (including one day of the 
weekend). They were instructed to use kitchen scales to 
measure the amounts, but when that was not possible, they 
were allowed to use household measures such as cups, table-
spoons and teaspoons. All household measures were con-
verted into grams by the dietitian. 

Participants

The study included healthy adolescents aged 12 to 18, re-
cruited from randomly selected elementary and high schools 

in urban and rural areas in Croatia who responded positively 
to the invitation to participate in the study. Permission for the 
study was obtained from appropriate authorities, parents 
were informed about the survey by the school principals, and 
their written consent was obtained. Study was approved by 
Ethics Committee of the Children’s Hospital Zagreb (IRB num-
ber: 21102014).

Recruitment was carried out until a total of 100 included 
participants (71 girls and 29 boys) was reached. Exclusion cri-
teria were chronic illness or family history positive for chron-
ic intestinal diseases (celiac disease, inflammatory bowel dis-
ease, gastrointestinal carcinoma) and the use of elimination 
diets. Furthermore, participants who did not fill out correctly 
and provided all the questionnaires, or whose energy intake 
estimated by the FFQ-m was lower than 500 kcal (2092 kJ) or 
higher than 4000 kcal (16736 kJ) were excluded from the anal-
ysis. As proposed by Willet (5), self-reported intake of fewer 
than 500 kcal (2092 kJ) and greater than 3500 kcal (14644 kJ) 
per day by women and fewer than 800 kcal (3347.2 kJ) and 
greater than 4000 (16736 kJ) kcal per day by men are unlikely. 
Therefore, considering our cohort of adolescents whose en-
ergy needs are higher than those of adults, we used lower 
cut-off of 500 kcal (2092 kJ) and upper cut-off of 4000 kcal 
(16736 kJ) for both genders. Sixteen participants did not meet 
the inclusion criteria. Thus, 84 participants were included in 
the validation study. 

FFQ development and validation

FFQ was developed from previously validated youth/ad-
olescent questionnaire (YAQ) (10), which is a quantitative FFQ. 
Aforementioned FFQ was modified in order to include Croa-
tian national foods. The modified FFQ (FFQ-m) contained 87 
different food items divided into 8 different food groups: (i) 
milk and milk products, (ii) cereals and grains, (iii) juices and 
sodas, (iv) fruits, (v) vegetables, (vi) snacks, (vii) meat, poultry, 
fish, eggs and fat, and (viii) fast food. Available frequencies of 
food consumption were: never, 1–3 times a month, once a 
week, 2–4 times a week, 5–6 times a week, once a day, 2–3 
times a day, 4–5 times a day or 6+ times a day. Available por-
tion sizes were small, medium and large, and participants 
were able to distinguish their usual portion size using three 
portion size photos (11).

The individual food record data obtained with the FFQ-m 
were analysed by Microsoft Office Excel 2007 worksheet that 
was generated using the food composition database Federal 
Food Key (Bundeslebensmittelschlüssel) v. 3.01 (BLS 3.01) (12) 
and Fachmann-Kraut-Nährwerttabellen (FKN) database (13). 
For those foods that were missing from the databases, USDA 
(FoodData Central) (14) and/or Kaić-Rak and Antonić (15) da-
tabases were used, while for typical national Croatian foods, 
Kaić-Rak and Antonić (15) food composition database was 
used, or the nutritional composition was added from the nu-
tritional label for Croatian brand products. The frequency of 
consumption of food items was multiplied by the portion size 
to calculate the amount of nutrients consumed in a 30-day 



A. MOČIĆ PAVIĆ et al.: FFQ Development and Validation for Croatian Adolescents

January-March 2021 | Vol. 59 | No. 176

period, from which an average daily energy and nutrient in-
take per each participant was determined. Intake of 24 nutri-
ents was analysed: total protein, plant protein, total fat, satu-
rated fatty acids (SFA), monounsaturated fatty acids (MUFA), 
polyunsaturated fatty acids (PUFA), cholesterol, total carbo-
hydrates, mono- and disaccharides, polysaccharides, dietary 
fibre, sodium, potassium, calcium, magnesium, phosphorus, 
iron, zinc, retinol equivalent, vitamins B1 and B2, niacin, vita-
min B6 and vitamin C.

Energy and nutrient intake estimated by the 3DFR was an-
alysed using PRODI v. 5.7 software (16), which contains approx. 
14 800 foods from the BLS v. 3.01 (12) and FKN (13), the same 
databases that were used for the analysis of FFQ-m. Common-
ly consumed Croatian foods were added into the database of 
the PRODI software using USDA (FoodData Central) (14) and 
Kaić-Rak and Antonić (15) food composition databases.

The preliminary results of this study have been presented 
previously (17). This manuscript adds the more thorough and 
rigid statistical analysis of the preliminary results and de-
scribes the results in more detail. 

Anthropometric parameters

Anthropometric parameters were assessed for 78 partic-
ipants, since 6 participants did not show up at the time when 
anthropometric assessment was performed. 

Anthropometric parameters, assessed for each partici-
pant, were: body mass (BM), body height (BH), body mass in-
dex (BMI) and BM-for-age, BH-for-age and BMI-for-age. BM 
was measured on an electronic scale (Seca, type 877; Vogel & 
Halke Gmbh & Co., Hamburg, Germany), with subjects wear-
ing light-weight gym clothes. BH was measured with a por-
table stadiometer (Seca, type 217; Vogel & Halke Gmbh & Co.). 
Nutritional status of participants was determined using World 
Health Organization (WHO) growth reference data for chil-
dren and adolescents (5–19 years) (18). 

Statistical analysis

All consumed food items and meals estimated by the 
FFQ-m and 3DFRs were expressed as daily nutrient intakes, 
and correlation was used to identify their relationship. Nor-
mality of distribution was assessed using the Kolmogorov-
-Smirnov test. For most nutrients, the data were not normally 
distributed. Therefore, non-parametric methods (Spearman’s 
correlation coefficients) were used to evaluate the validity of 
the FFQ-m against the two 3DFR. Comparisons of nutrient in-
takes estimated by the FFQ-m and 3DFR records were made 
using Wilcoxon signed-rank test. The energy and nutrient in-
takes estimated by the FFQ-m and 3DFR were categorized 
into quartiles (Q1=low, Q2=low to medium, Q3=medium to 
high, and Q4=high intake). The proportion of subjects cate-
gorized into the same, adjacent or opposite quartile was es-
timated. The average correlation coefficient for all nutrients, 
as well as macronutrients and micronutrients separately, was 
calculated as a sum of the correlation coefficient divided by 

the number of items (nutrients). Additionally, Bland-Altman 
analysis (19) using mean difference and 95 % limits of agree-
ment was conducted to graphically assess the presence of 
bias or disagreement. Two-tailed tests with level of signifi-
cance α=0.05 were used for all statistical analyses. Statistical 
software for the analysis was SPSS v. 19.0 (20). 

RESULTS AND DISCUSSION
This study shows that a simple self-administered ques-

tionnaire completed by adolescents is a valid tool for meas-
uring energy and nutrient intake among adolescent popula-
tion in Croatia. The mean nutrient intakes estimated by the 
FFQ-m were higher than those of the 3DFR, while the average 
correlation coefficient for energy and nutrients in our valida-
tion study was 0.40. On average, 76.5 % adolescents were 
classified in the same or adjacent quartile of the nutrient in-
take. In Croatia, very limited data on the diet of adolescents 
is available, therefore, this FFQ will make the assessment of 
the diet in a large population of adolescents simpler and less 
burdensome.

From 84 participants included into the final analysis, the 
main characteristics of 78 adolescents for whom anthropo-
metric data were estimated are presented in Table 1. In total, 
26.9 % adolescents were overweight or obese and 14.1 % of 
adolescents were underweight.

Table 1. Baseline characteristics of study population

Participant’s characteristics Ntotal=78
Age/year 15.35±1.87
Nfemale/% 59 (70.2)*
BM-for-age 0.13±1.11
BH-for-age –0.08±0.99
BMI-for-age 0.23±1.07

BM=body mass, BH=body height, BMI=body mass index, results are 
presented as mean value±standard error. *Percentage of females in 
total of 84 participants

The results of our FFQ-m validation study showed a good 
correlation with the 3DFR for the intake of all macronutrients 
and some micronutrients (sodium, phosphorus, potassium, 
calcium, magnesium and iron). To our knowledge, this is the 
first FFQ developed and validated for Croatian adolescent 
population. FFQs are low-cost, fast and easy to administer 
tools, and therefore commonly used in epidemiologic stud-
ies (8). 

Average intakes of macro- and micronutrients estimated 
by the FFQ-m and 3DFR are presented in Table 2. A signifi-
cantly higher intake of energy, most macronutrients (total 
protein, total fat, SFA, MUFA and PUFA, mono- and disac-
charides and dietary fibre) and micronutrients (potassium, 
phosphorus, iron, retinol equivalents, vitamins B1, B2 and 
B6, niacin and vitamin C) were estimated by the FFQ-m com-
pared to the 3DFR. Overestimation of FFQ-m compared to 
3DFR was 33.1 % on average for macronutrients, ranging 
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Table 2. Absolute intake, differences in nutrient intake and correlation coefficients between FFQ-m and two 3DFRs

Nutrients and energy
3DFR
N=84

FFQ-m
N=84 Wilcoxon Correlation 

coefficient
Median Range Median Range z

E/kcal 1604.8 763.6–4918.8 1751.2 795.4–3294.45 –3.3* 0.70**
E/kJ 6731.2 3194.9–20580.3 7327.0 3328.0–13784.0 –3.3* 0.70**
m(total protein)/g 73.4 32.6–172.3 77.3 30.4–158.4 –2.5* 0.51**
m(plant protein)/g 20.6 7.7–67.4 18.3 9.9–37.8 –1.5 0.40**
m(total fat)/g 52.1 21.8–248.4 74.1 22.8–155.8 –5.8* 0.60**
m(saturated fatty acids)/g 19.9 7.4–77.8 31.4 8.0–64.5 –6.2* 0.60**
m(monounsaturated fatty acids)/g 15.6 6.6–51.7 25.2 6.9–67.0 –6.9* 0.63**
m(polyunsaturated fatty acids)/g 7.5 2.4–84.0 12.2 4.7–26.6 –6.0* 0.45**
m(cholesterol)/mg 212.2 71.5–611.4 188.3 13.1–672.3 –2.3* 0.50**
m(total carbohydrates)/g 199.8 79.3–494.7 208.2 106.1–386.7 –1.6 0.56**
m(mono- and disaccharides)/g 60.2 6.5–151.6 93.0 23.6–206.1 –6.8* 0.32**
m(polysaccharides)/g 94.7 31.6–365.2 103.6 46.9–217.4 –1.5 0.50**
m(dietary fibre)/g 14.7 6.3–30.6 18.3 7.6–41.7 –4.5* 0.30**
m(sodium)/mg 1892.7 695.2–6188.7 1687.2 499.4–3890.6 –3.2* 0.49**
m(potassium)/mg 2317.1 552.9–6747.8 2594.5 1384.9–5186.3 –5.2* 0.39**
m(calcium)/mg 683.7 206.8–2168.9 696.2 257.5–1579.0 –1.5 0.37**
m(magnesium)/mg 217.6 89.3–601.1 187.0 80.0–449.8 –3.0* 0.36**
m(phosphorus)/mg 1018.1 339.5–2173.5 1253.5 630.0–2457.0 –5.2* 0.48**
m(iron)/mg 9.0 3.8–23.9 10.5 5.0–20.0 –4.4* 0.47**
m(zinc)/mg 8.9 4.7–19.0 6.7 3.2–11.5 –5.1* 0.16
m(retinol equivalent)/IU 658.8 164.5–3816.8 998.2 314.3–5269.7 –4.1* 0.16
m(vitamin B1)/mg 0.9 0.4–3.6 3.6 0.9–7.7 –7.9* 0.07
m(vitamin B2)/mg 1.2 0.3–2.7 3.9 1.0–7.9 –8.0* 0.04
m(niacin)/mg 24.1 8.7–65.8 34.8 9.6–169.4 –5.1* 0.23*
m(vitamin B6)/mg 1.4 0.4–5.8 3.8 1.5–18.1 –8.0* 0.32**
m(vitamin C)/mg 75.0 167.4 27.4–919.3 –7.6* 0.34**
Average of correlation coefficients (energy and all nutritents) 0.40
Average of correlation coefficients (energy and macronutrients) 0.51
Average of correlation coefficients (micronutrients) 0.30

3DFR=3-day food record, E=energy intake, FFQ-m=modified food frequency questionnaire. * and **difference is significant at p<0.05 (two- 
-tailed) and p<0.01 (two-tailed), respectively 

from 4.2 % for total carbohydrates to 62.7 % for PUFA. Over-
estimation of micronutrients ranged from 1.8 % for calcium 
to 171.4 % for vitamin B6. FFQ-m underestimated intakes of 
cholesterol, sodium, magnesium and zinc compared to 3DFR 
(Table 2).

The detected overestimation of energy and nutrient in-
takes has been observed in previous validation studies in chil-
dren and adolescents as well (21–26). Our FFQ-m largely over-
estimated the intake of vitamins B1, B2 and B6, and therefore 
cannot be used for the assessment of these nutrients. Detect-
ed overestimation of FFQ in comparison with other dietary 
methods could be caused by a wide selection of available 
foods that the participant can choose from (27). Similarly, 
since 3DFR estimates nutritional intake on random days, con-
sumption of some foods that are part of the FFQ-m might 
have been missed on days when the 3DFRs were filled. In-
deed, frequent underreporting of food intake obtained from 
food records (28–30) and over-reporting in FFQs (31,32) have 
been observed in previous studies.

The correlation coefficients between FFQ-m and two 
3DFRs are presented in Table 2. The Spearman’s correlation 
coefficient showed a significant relationship between the en-
ergy intake and all macro- and micronutrients except zinc, 
retinol equivalent and vitamins B1 and B2. The highest cor-
relation between the two methods was shown for total en-
ergy (r=0.70), total fat (r=0.60), total protein (r=0.51), total car-
bohydrates (r=0.56), SFA (r=0.59) and MUFA (r=0.63).

The average correlation coefficient for energy intake and 
nutrients in our validation study was 0.40, which is in accor-
dance with other studies (22–33). The highest correlation co-
efficient was detected for energy intake (r=0.70), similar to 
that of Morel et al. (26). When separated, in our study mean 
correlation for macronutrients (r=0.51) was higher than that 
of micronutrients (r=0.30), mostly due to low correlation co-
efficients for zinc, retinol equivalent, and vitamins B1 and B2. 
Similarly, in other studies correlation coefficients for macro-
nutrients were higher than those of some micronutrients 

(33,34).
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Cross-classification analysis (Table 3) revealed that on av-
erage, 76.5 % adolescents were classified in the same or ad-
jacent quartile of nutrient intake when comparing the data 
obtained by the 3DFR. On average, 5.1 % adolescents were 
classified into the opposite quartile and 35.1 % adolescents 
were classified into the same (identical) quartile. 

indicates how well the FFQ and food records agree on aver-
age (36). The Bland and Altman plotting (19) showed good 
agreement among the total energy intake, total protein, total 
fat, SFA, MUFA, cholesterol, total carbohydrates, calcium, 
magnesium, potassium, phosphorus and iron. Figs. 1–3 pres-
ent plots for energy, total protein and calcium intake, show-
ing good agreement between the FFQ-m and 3DFR for all 
mentioned nutrients, where the Y axis shows the difference 
between the FFQ-m and 3DFR derived measurements and 
the X axis represents the average of these measures (37). Plots 
produced for other nutrients were similar to those shown in 
Figs. 1–3, except for retinol equivalent, vitamin B1, vitamin 
B2, niacin and vitamin B6, for which proportional bias was 
noticed (data not shown).

The main limitation of this study includes fairly low num-
ber of participants. Even though we were aiming to recruit 
the same number of male and female adolescents, male ado-
lescents were more prone to fill out the questionnaires incor-
rectly and incompletely and were excluded from the study 

Table 3. Number of participants ranked into the same, same and adja-
cent, or opposite quartiles of the distribution according to the nutri-
ent estimates obtained from the FFQ-m and 3DFR (N=84)

Nutrient

N(participant)/%
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e
E/kcal 50.0 86.9 1.2
m(total protein)/g 40.5 77.4 3.6
m(plant protein)/g 33.3 78.6 7.1
m(total fat)/g 41.7 84.5 0.0
m(saturated fatty acids)/g 42.9 82.1 3.6
m(monounsaturated fatty acids)/g 47.6 85.7 0.0
m(polyunsaturated fatty acids)/g 40.5 79.8 6.0
m(cholesterol)/mg 34.5 76.2 6.0
m(total carbohydrates)/g 34.5 75.0 2.4
m(mono- and disaccharides)/g 38.1 83.3 4.8
m(polysaccharides)/g 36.9 78.6 8.3
m(dietary fiber)/g 42.9 84.5 3.6
m(sodium)/mg 19.0 72.6 6.0
m(potassium)/mg 35.7 81.0 2.4
m(calcium)/mg 40.5 76.2 4.8
m(magnesium)/mg 28.6 75.0 3.6
m(phosphorus)/mg 38.1 75.0 6.0
m(iron)/mg 45.2 76.2 2.4
m(zinc)/mg 35.7 81.0 3.6
m(retinol equivalent)/IU 32.1 67.9 9.5
m(vitamin B1)/mg 23.8 66.7 7.1
m(vitamin B2)/mg 26.2 63.1 11.9
m(niacin)/mg 22.6 63.1 10.7
m(vitamin B6)/mg 25.0 63.1 2.4
m(vitamin C)/mg 34.5 79.8 7.1

3DFR=3-day for record , FFQ-m=modified food frequency ques tion-
naire 

These results are in accordance with the results of previ-
ous studies (22–24,26,35). The highest percentage of adoles-
cents who were classified into the opposite quartile was ob-
served for retinol equivalent, vitamin B1, vitamin B2 and 
niacin. The same nutrients have shown the lowest coefficient 
correlation, possibly for the same reasons that were discussed 
previously.

Bland-Altman analysis is often used in validation studies 
in conjunction with correlation coefficients, and is suggested 
to assess absolute validity of the FFQ (36). This analysis as-
sesses in graphical form the agreement between the meth-
ods across the range of intakes by plotting the mean of the 
two methods against the difference. The mean agreement 

m(vitamin B6)/mg 25.0 63.1 2.4 

m(vitamin C)/mg 34.5 79.8 7.1 

3DFR=3-day for record , FFQ-m=modified food frequency questionnaire 

Fig. 1. Bland-Altman plot showing agreement between the FFQ and 3D-FR for energy intake (kcal). 

FFQ=food frequency questionnaire, 3DFR=3-day food record 
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Fig. 1. Bland-Altman plot showing agreement between the FFQ and 
3D-FR for energy intake (kcal). FFQ=food frequency questionnaire, 
3DFR=3-day food record

Fig. 2. Bland-Altman plot showing the agreement between the FFQ 
and 3D-FR for protein intake (g). FFQ=food frequency questionnaire, 
3DFR=3-day food record
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more often than the female adolescents. Additionally, female 
adolescents are more worried about their appearance and 
healthy eating habits, and therefore, more willing to partici-
pate in similar studies (38). Furthermore, one of the limita-
tions of using 3DFR is that adolescents may change their di-
ets, which creates a distortion of their usual intake (39,40). 
However, 3DFR is the best dietary method available for the 
assessment of dietary intake since it does not depend on the 
recall (41). Yet another limitation is that we were not able to 
use the national food database for the assessment of nutrient 
intake. Although Croatia has its own national food composi-
tion database (15), it is outdated and impractical to use. How-
ever, by combining different food databases, we were able to 
analyse all the meals and food items that are typical for the 
Croatian adolescent population. The last limitation is that 
FFQ-m was administered on only one occasion. By adminis-
tering 3DFR and FFQ-m in two different seasons, we would 
have been able to capture difference in seasonal food intake.

There are also some strengths of this study. Most impor-
tantly, the comparison has been made to the 3DFR, which is 
considered to be the best available dietary method (41). 
Moreover, FFQ-m and two 3DFRs were applied for each par-
ticipant within one month. This approach excludes all the 
possible dietary changes that would have occurred if a longer 
time period between the two 3DFRs had passed. 

CONCLUSIONS
In conclusion, the developed food frequency question-

naire (FFQ) and its validation study showed that the modified 
FFQ (FFQ-m) is a reliable tool to estimate the relative intake 
of energy, macronutrients and some micronutrients by ado-
lescents in Croatia. It is affordable, quick and, most importantly, 
has a small respondent burden, which is particularly impor-
tant for adolescent population. We recommend FFQ-m to be 
interview-administered, since adolescents are prone to over-
estimating the frequency and portion sizes of the consumed 

foods. Nevertheless, FFQ-m could further be adapted and val-
idated for younger children or adults. 

ACKNOWLEDGEMENTS
The authors would like to thank all the children and their 

parents who complied to participate in the study. 

FUNDING
This work was supported by the Croatian Science Foun-

dation (research project IP-2014-09-3788: Pediatric inflamma-
tory bowel disease: incidence and natural history, and the 
role of diet and gut flora in aetiopathogenesis). 

CONFLICT OF INTEREST
Iva Hojsak received payment/honorarium for lectures or 

consultation from BioGaia, Nutricia, Nestle, Chr Hansen, Bioc-
odex, Oktal Pharma; Sanja Kolaček received fees for lectures 
from Abbott, AbbVie, Abela Farma, Fresenius, Mead and 
Johnson, Nestle, Nutricia, Oktal Pharma, Shire; Sara Sila re-
ceived payment/honorarium for lectures from Nutricia, AdeZ; 
Tena Niseteo received fee for lectures from 4U Pharma; Ana 
Močić Pavić declares no conflict of interest. 

AUTHORS’ CONTRIBUTION
The authors confirm contribution to the paper as follows: 

I. Hojsak and S. Kolaček designed the study, S. Sila, A. Močić 
Pavić and T. Niseteo collected the data, I. Hojsak, S. Kolaček, 
S. Sila, A. Močić Pavić and T. Niseteo analysed and interpreted 
the results, S. Sila, A. Močić Pavić and T. Niseteo prepared the 
draft of the manuscript. All authors reviewed the results and 
approved the final version of the manuscript. 

ORCID ID 
A. Močić Pavić  https://orcid.org/0000-0001-8240-9544
S. Sila  https://orcid.org/0000-0001-5998-5586
T. Niseteo  https://orcid.org/0000-0003-0170-7705
I. Hojsak  https://orcid.org/0000-0003-3262-5964
S. Kolaček  https://orcid.org/0000-0003-2673-4590 

REFERENCES
 1. Garrido-Miguel M, Cavero-Redondo I, Álvarez-Bueno C, 

Rodríguez-Artalejo F, Moreno LA, Ruiz JR, et al. Prevalence 
and trends of overweight and obesity in European children 
from 1999 to 2016: A systematic review and meta-analysis. 
JAMA Pediatr. 2019;173(10):e192430. 
https://doi.org/10.1001/jamapediatrics.2019.2430 

 2. Aslani Z, Sadeghi O, Heidari-Beni M, Zahedi H, Baygi F, 
Shivappa N, et al. Association of dietary inflammatory po-
tential with cardiometabolic risk factors and diseases: A 
systematic review and dose-response meta-analysis of ob-
servational studies. Diabetol Metab Syndr. 2020;12:86. 
https://doi.org/10.1186/s13098-020-00592-6 

Fig. 3. Bland-Altman plot showing the agreement between the FFQ and 3D-FR for calcium intake (mg).

FFQ=food frequency questionnaire, 3DFR=3-day food record 

Calcium average of FFQ and mean 3DFR/mg 

-1.96 SD

+1.96 SD

Mean 

C
al

ci
um

 d
iff

er
en

ce
 (F

FQ
 a
nd

 m
ea

n 
3D

FR
)/m

g 

200 400 600 8000 1000 1200 1400

1000

500

0

-1000

-1500

-2000

-500

Fig. 3. Bland-Altman plot showing the agreement between the FFQ 
and 3D-FR for calcium intake (mg). FFQ=food frequency question-
naire, 3DFR=3-day food record

https://orcid.org/0000-0001-8240-9544
https://orcid.org/0000-0001-8240-9544
https://orcid.org/0000-0001-5998-5586
https://orcid.org/0000-0001-5998-5586
https://orcid.org/0000-0003-0170-7705
https://orcid.org/0000-0003-0170-7705
https://orcid.org/0000-0003-3262-5964
https://orcid.org/0000-0003-3262-5964
https://orcid.org/0000-0003-2673-4590
https://orcid.org/0000-0003-2673-4590


A. MOČIĆ PAVIĆ et al.: FFQ Development and Validation for Croatian Adolescents

January-March 2021 | Vol. 59 | No. 180

 3. Koletzko B, Brands B, Poston L, Godfrey K, Demmelmair H. 
Early nutrition programming of long-term health. Proc Nutr 
Soc. 2012;71(3):371–8.
https://doi.org/10.1017/S0029665112000596 

 4. Davison KK, Birch LL. Childhood overweight: A contextual 
model and recommendations for future research. Obes 
Rev. 2001;2(3):159–71.

 5. Willett W, editor. Nutritional epidemiology. Oxford, UK: Ox-
ford University Press; 2012.

 6. Pekkarinen M. Methodology in the collection of food con-
sumption data. World Rev Nutr Diet. 1970;12:145–71. 
https://doi.org/10.1159/000387586

 7. Reedy J, Subar AF, George SM, Krebs-Smith SM. Extending 
methods in dietary patterns research. Nutrients. 2018;10(5): 
571. 
https://doi.org/10.3390/nu10050571 

 8. Shim JS, Oh K, Kim HC. Dietary assessment methods in ep-
idemiologic studies. Epidemiol Health. 2014;36:e2014009. 
https://doi.org/10.4178/epih/e2014009

 9. Kolodziejczyk JK, Merchant G, Norman GJ. Reliability and 
validity of child/adolescent food frequency questionnaires 
that assess foods and/or food groups. J Pediatr Gastroen-
terol Nutr. 2012;55(1):4–13. 
https://doi.org/10.1097/MPG.0b013e318251550e

10. Rockett HRH, Breitenbach M, Frazier AL, Witschi J, Wolf AM, 
Field AE, Colditz GA. Validation of a youth/adolescent food 
frequency questionnaire. Prev Med. 1997;26(6):808–16. 
https://doi.org/10.1006/pmed.1997.0200

11. Senta A, Pucarin-Cvetković J, Jelinić JD. Quantitative mod-
els of food and meals. Zagreb, Croatia: Medicinska naklada; 
2004 (in Croatian). 

12. Der Bundeslebensmittelschlüssel (Federal Food Keys), v. 
3.01, The German Food Code and Nutrient Database. Fed-
eral Ministry of Food and Agriculture, Berlin, Germany; 
1999. Available from: https://blsdb.de/bls?background.

13. Kreissl J, Mall V, Steinhaus P, Steinhaus M. Leibniz-LSB@TUM 
odorant database, v. 1.0, Leibniz-Institute for Food Systems 
Biology at the Technical University of Munich, Freising, Ger-
many; 2019. Available from: https://www.leibniz-lsb.de/en/
databases/leibniz-lsbtum-odorant-database.

14. Food and Nutrient Database for Dietary Studies 2011–2012. 
Food Surveys Research Group: Beltsville, MD. US Depart-
ment of Agriculture, Agricultural Research Service, Wash-
ington, DC, USA; 2014. Available from: https://www.ars.
usda.gov/northeast-area/beltsville-md-bhnrc/belts-
ville-human-nutrition-research-center/food-surveys-re-
search-group/docs/fndds-download-databases/.

15. Kaić-Rak A, Antonić K. Food and drink composition tables. 
Zagreb, Croatia: Croatian Institute of Public Health; 1990 (in 
Croatian).

16. Prodi, v. 5.7, Expert plus software, Nutri-Science, Stuttgart, 
Germany; 2011. Available from: https://www.nutri-science.
de/software/prodi.php.

17. Mocic Pavic A, Detelic D, Hojsak I, Kolacek S. Validation of a 
food frequency questionnaire for adolescents in Croatia. 
In: Book of abstracts of 48th Annual Meeting of the Euro-
pean Society for Paediatric Gastroenterology, Hepatology 
and Nutrition (ESPGHAN); 2015 May 6–9, Amsterdam, The 
Netherlands; 2015. p. 835. 

18. WHO child growth standards: length/height-for-age, 
weight-for-age, weight-for-length, weight-for-height and 
body mass index-for-age: methods and development. Ge-
neva, Switzerland: World Health Organization (WHO); 2006. 
Available from: https://www.who.int/publications/i/item/ 
924154693X.

19. Bland JM, Altman DG. Measuring agreement in method 
comparison studies. Stat Methods Med Res. 1999;8(2):135–
60. 
https://doi.org/10.1177/096228029900800204

20. SPSS Statistics for Windows, v. 19.0, IBM Corp., Armonk, NY, 
USA; 2010. Available from: https://www.ibm.com/analytics/
spss-statistics-software?lnk=STW_US_STESCH&lnk2=tri-
al_SPSS&pexp=def&psrc=none&mhsrc=ibmsearch_a&m-
hq=spss. 

21. Bertoli S, Petroni ML, Pagliato E, Mora S, Weber G, Chiumel-
lo G, Testolin G. Validation of food frequency questionnaire 
for assessing dietary macronutrients and calcium intake in 
Italian children and adolescents. J Pediatr Gastroenterol 
Nutr. 2005;40(5):555–60.
https://doi.org/10.1097/01.MPG.0000153004.53610.0E

22. Shatenstein B, Amre D, Jabbour M, Feguery H. Examining 
the relative validity of an adult food frequency question-
naire in children and adolescents. J Pediatr Gastroenterol 
Nutr. 2010;51(5):645–52. 
https://doi.org/10.1097/MPG.0b013e3181eb6881

23. Xia W, Sun C, Zhang L, Zhang X, Wang J, Wang H, Wu L. Re-
producibility and relative validity of a food frequency ques-
tionnaire developed for female adolescents in Suihua, 
North China. PLoS ONE. 2011;6(5):e19656. 
https://doi.org/10.1371/journal.pone.0019656

24. Tabacchi G, Filippi AR, Breda J, Censi L, Amodio E, Napoli G, 
et al. Comparative validity of the ASSO – Food Frequency 
Questionnaire for the web-based assessment of food and 
nutrients intake in adolescents. Food Nutr Res. 2015;59: 
26216. 
https://doi.org/10.3402/fnr.v59.26216

25. Moghames P, Hammami N, Hwalla N, Yazbeck N, Shoaib H, 
Nasreddine L, Naja F. Validity and reliability of a food fre-
quency questionnaire to estimate dietary intake among 
Lebanese children. Nutr J. 2016;15:4. 
https://doi.org/10.1186/s12937-015-0121-1

26. Morel S, Portolese O, Chertouk Y, Leahy J, Bertout L, Laver-
dière C, et al. Development and relative validation of a food 
frequency questionnaire for French-Canadian adolescent 
and young adult survivors of acute lymphoblastic leu-
kemia. Nutr J. 2018;17(1):45. 
https://doi.org/10.1186/s12937-018-0355-9

https://doi.org/10.1006/pmed.1997.0200
https://blsdb.de/bls?background
https://www.leibniz-lsb.de/en/databases/leibniz-lsbtum-odorant-database
https://www.leibniz-lsb.de/en/databases/leibniz-lsbtum-odorant-database
https://www.ars.usda.gov/northeast-area/beltsville-md-bhnrc/beltsville-human-nutrition-research-center/food-surveys-research-group/docs/fndds-download-databases/
https://www.ars.usda.gov/northeast-area/beltsville-md-bhnrc/beltsville-human-nutrition-research-center/food-surveys-research-group/docs/fndds-download-databases/
https://www.ars.usda.gov/northeast-area/beltsville-md-bhnrc/beltsville-human-nutrition-research-center/food-surveys-research-group/docs/fndds-download-databases/
https://www.ars.usda.gov/northeast-area/beltsville-md-bhnrc/beltsville-human-nutrition-research-center/food-surveys-research-group/docs/fndds-download-databases/
https://www.nutri-science.de/software/prodi.php
https://www.nutri-science.de/software/prodi.php
https://www.who.int/publications/i/item/924154693X
https://www.who.int/publications/i/item/924154693X
https://doi.org/10.1177/096228029900800204
https://www.ibm.com/analytics/spss-statistics-software?lnk=STW_US_STESCH&lnk2=trial_SPSS&pexp=def&psrc=none&mhsrc=ibmsearch_a&mhq=spss
https://www.ibm.com/analytics/spss-statistics-software?lnk=STW_US_STESCH&lnk2=trial_SPSS&pexp=def&psrc=none&mhsrc=ibmsearch_a&mhq=spss
https://www.ibm.com/analytics/spss-statistics-software?lnk=STW_US_STESCH&lnk2=trial_SPSS&pexp=def&psrc=none&mhsrc=ibmsearch_a&mhq=spss
https://www.ibm.com/analytics/spss-statistics-software?lnk=STW_US_STESCH&lnk2=trial_SPSS&pexp=def&psrc=none&mhsrc=ibmsearch_a&mhq=spss


Food Technol. Biotechnol. 59 (1) 74–81 (2021)

81January-March 2021 | Vol. 59 | No. 1

27. Thompson FE, Subar AF. Dietary assessment methodology. 
In: Coulston A, Boushey C, Ferruzzi M, Delahanty L, editors. 
Nutrition in the prevention and treatment of disease. Am-
sterdam, The Netherlands: Elsevier; 2017. pp. 5–48. 
https://doi.org/10.1016/B978-0-12-802928-2.00001-1

28. Livingstone MBE, Robson PJ, Wallace JMW. Issues in dietary 
intake assessment of children and adolescents. Br J Nutr. 
2004;92(Suppl. 2):S213–22.
https://doi.org/10.1079/BJN20041169

29. Andersen LF, Pollestad ML, Jacobs DR, Løvø A, Hustvedt BE. 
Validation of a pre-coded food diary used among 13-year-
-olds: Comparison of energy intake with energy expendi-
ture. Public Health Nutr. 2005;8(8):1315–21. 
https://doi.org/10.1079/PHN2005751

30. Chinnock A. Validation of an estimated food record. Public 
Health Nutr. 2006;9(7):934–41. 
https://doi.org/10.1017/PHN2005922

31. Ambrosini GL, de Klerk NH, O’Sullivan TA, Beilin LJ, Oddy 
WH. The reliability of a food frequency questionnaire for 
use among adolescents. Eur J Clin Nutr. 2009;63(10):1251–9. 
https://doi.org/10.1038/ejcn.2009.44

32. Araujo MC, Yokoo EM, Pereira RA. Validation and calibra-
tion of a semiquantitative food frequency questionnaire 
designed for adolescents. J Am Diet Assoc. 2010;110(8):1170–
7. 
https://doi.org/10.1016/j.jada.2010.05.008

33. Khalesi S, Doshi D, Buys N, Sun J. Validation of a short food 
frequency questionnaire in Australian adults. Int J Food Sci 
Nutr. 2017;68(3):349–57. 
https://doi.org/10.1080/09637486.2016.1240763

34. Rodriguez CA, Smith ER, Villamor E, Zavaleta N, Respi-
cio-Torres G, Contreras C, et al. Development and validation 
of a food frequency questionnaire to estimate intake among 

children and adolescents in urban Peru. Nutrients. 2017; 
9(10):1121–31. 
https://doi.org/10.3390/nu9101121

35. Overby NC, Johannesen E, Jensen G, Skjævesland AK, Hau-
gen M. Test-retest reliability and validity of a web-based 
food-frequency questionnaire for adolescents aged 13–14 
to be used in the Norwegian mother and child cohort 
study (MoBa). Food Nutr Res. 2014;58:23956.
https://doi.org/10.3402/fnr.v58.23956

36. Tabacchi G, Filippi AR, Amodio E, Jemni M, Bianco A, Firen-
ze A, Mammina C. A meta-analysis of the validity of FFQ 
targeted to adolescents. Public Health Nutr. 2016;19(7):1168–
83. 
https://doi.org/10.1017/S1368980015002505

37. Giavarina D. Understanding Bland Altman analysis. Bio-
chem Medica. 2015;25(2):141–51.
https://doi.org/10.11613/BM.2015.015 

38. Wardle J, Haase AM, Steptoe A, Nillapun M, Jonwutiwes K, 
Bellisle F. Gender differences in food choice: The contribu-
tion of health beliefs and dieting. Ann Behav Med. 
2004;27(2):107–16. 
https://doi.org/10.1207/s15324796abm2702_5

39. Cade J, Thompson R, Burley V, Warm D. Development, val-
idation and utilisation of food-frequency questionnaires - 
A review. Public Health Nutr. 2002;5(4):567–87.
https://doi.org/10.1079/PHN2001318

40. Brantsæter AL, Haugen M, Alexander J, Meltzer HM. Valid-
ity of a new food frequency questionnaire for pregnant 
women in the Norwegian mother and child cohort study 
(MoBa). Matern Child Nutr. 2008;4(1):28–43. 
https://doi.org/10.1111/j.1740-8709.2007.00103.x

41. Gibson RS. Principles of nutritional assessment. Oxford, UK: 
Oxford University Press; 2005. 

https://dx.doi.org/10.11613%2FBM.2015.015

	_GoBack

