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Abstract

Objectives: A food questionnaire (FQ) to assess gluten intake in infants 0 to 12 months old has been developed and validated (FQ-gluten), but an instrument to assess gluten intake in children 1 to 4 years is not available. Development and validation of such an instrument (FQ-gluten4) was the aim of the present study.

Methods: The FQ-gluten was adapted according to age-related food consumption. The results of this FQ-gluten4 were compared with the results of a 2-day food record.

Results: Seventy-one parents filled in both instruments. The mean amount of gluten consumption calculated from the FQ-gluten4 was comparable with that of the food record, but significant differences were found in the amount of gluten intake in 1- to 2-year-old children and in the percentage of gluten from porridge among the 1- to 3-year-olds. The Blant-Altman limits of agreement with standard deviation of 2600 mg were −5118 to 5630 mg.

Conclusions: The new, short, standardized, validated, and easy-to-use FQ-gluten4 may be a useful instrument in the assessment of gluten intake in young children. Using this standardized method provides opportunity for better comparison of the results of gluten consumption in studies throughout the world. Furthermore, such an instrument can be used to quantify the gluten intake in individuals suspected to have celiac disease but in whom the diagnoses cannot be confirmed.

See “Challenge of Measuring How Much Gluten Is Too Much” by Kaukinen and Lähdeaho on page 719.

In studies in which assessment of food intake is done, various assessment methods can be used depending on the goal, the nutrient of interest, and on the population being studied. For example, recall methods by interview demand the experience and time of both the interviewer and the respondent, whereas written methods (eg, weighed records for which the respondent must be taught to weigh and record the food and its weight immediately before eating and to weigh any leftovers, or estimated records for which the respondent is taught to keep records in portion sizes all of the foods he or she eats and drinks in household measures) ask much effort from the respondent (1). The development of a food frequency questionnaire, however, requires more time from the investigator in preparing the questionnaire beforehand than from the respondent during the study period. Thus, all of the methods have their advantages and disadvantages with regard to adequacy and workload (1,2). The food record (FR) assesses the intake recorded on the requested days, considering the intake on these days as a reflection of what someone normally eats. The food questionnaire (FQ) estimates the frequency of consumed foods or nutrients, relevant to a specific question during a specific period. Therefore, the FR may be the more accurate method, whereas the FQ may be the more representative, making it arguable which one best reflects true dietary intake (2). The FQ and the FR are instruments often used in epidemiological studies, but the FQ is less time consuming than the FR (1). The FQ-gluten to assess gluten intake and consumption of breast-feeding by infants 0 to 12 months old, developed and validated by our group, is already being used in research projects such as PreventCD (3,4); however, for further follow-up, an FQ to assess the gluten intake of older children was needed. The aim of the present study was to develop and validate an FQ for the assessment of gluten consumption in healthy young children ages 1 to 4 years (FQ-gluten4).
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METHODS

Subjects and Ethics

During the spring of 2008, parents from children in the general population ages 1 to 4 years attending 10 child health care centers in the western part of the Netherlands were asked to participate in the present study. In the Netherlands, 91% of infants from 0 to 4 years attend child health care centers (5).

Exclusion criteria were mental retardation or oral-motor dysfunction, diagnosed food allergy, impossibility of oral food intake, and parents with insufficient knowledge of the Dutch language. For this noninvasive study requiring only written data from the participants, no informed consent was required.
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Development of the FQ-Gluten4

For the development of the FQ-gluten4, the FQ-gluten for infants 0 to 12 months old (4) was used as a basis. The FQ-gluten for children 0 to 12 months was extended by adding gluten-containing food products consumed by children 1 to 4 years according to the latest national food consumption study among young children in the Netherlands (6). The FQ-gluten4 comprises 81 items on food intake (Fig. 1).

[image: Figure 1]FIGURE 1. Food frequency questionnaire for Dutch children 1–4 years old (FQ-gluten4).



Back to Top

Validation of the FQ-Gluten4

[image: Figure 1]FIGURE 1. Food frequency questionnaire for Dutch children 1–4 years old (FQ-gluten4).



To validate the FQ-gluten4, results were compared with the results of a 2-day FR, which is an accepted method used in food consumption studies (7,8). Parents participating in the present study were asked to fill in the new FQ-gluten4, which is a 7-day method, and a 2-day FR (1 weekday and 1 weekend day) recording their child's food intake in household measures. The parents were also asked to precisely note the name of the manufacturer of the product used. The parents were free to choose the days to fill in the FR and the FQ-gluten4, but in any case on different days and within 6 weeks after they had received it, the forms had to be returned to the researchers.
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Assessing Gluten Amount

From the results of the FQ-gluten4 and of the FR, a mean daily intake was calculated. We considered food products containing wheat, rye, and barley as containing gluten. Of all of the food products reported in the FR and the frequency of the food products consumed by the child registered in the FQ-gluten4 containing these cereals, gluten content was calculated. Because there is no information in food composition tables on the gluten content of food products, we used the method of Overbeek et al (9) to calculate it. This assumption is widely accepted and it is the only accepted rule to estimate gluten content in food products for population inquiries. Following this method, we multiplied the grams of vegetable protein according to the Dutch food composition table and derived from gluten-containing cereals according to the composition of the food product by 0.8 (9). In case food composition was not available, the composition of a similar generic food product was used.

Because we know from our former study results that the contribution of “risk products” is only a small percentage of the total gluten consumption (0.21%–0.65%) (4), we did not calculate the gluten content of these products for the present study. Risk products are, for example, ready-to-eat fruit and vegetable mixes, and flavored milk products (eg, fruit yogurt), known to possibly contain gluten, but for which the exact amount of gluten cannot be calculated due to either missing brand information or a rounded number of zero grams protein in the food composition table.
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Statistical Analysis

All of the analyses were carried out using SPSS version 17 (SPSS Inc, Chicago, IL). Amounts of gluten consumption were derived from the FQ-gluten4 and the FR. The mean percentages of gluten per day from different food products per child were calculated. The mean daily gluten intake and the mean percentages between FR and FQ-gluten4 were compared using the paired t test. Agreement was assessed by Bland-Altman plot and by calculating limits of agreement, defined as the mean difference ± 2 standard deviations (SD). P < 0.05 were considered significant.
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RESULTS

Of the parents invited for the study, 75 agreed to participate. Of them, 71 (95%) filled in both the new FQ-gluten4 and the FR. The parents of 2 children (1 boy aged 40 months and 1 girl aged 18 months) did not fill in the FR and of 2 other children (2 boys ages 35 and 37 months, respectively), only 1 day was completed instead of 2. For that reason, the results of these 4 children were not included in the analyses. Table 1 presents the sex distribution of the children in the different age categories.

[image: Table 1]TABLE 1 Sex distribution among the different age categories
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Validation of the FQ-Gluten4

The origin of the gluten intake, derived from the FR and the FQ-gluten4, is presented in Table 2. Except for the percentage of gluten intake from porridge in children ages 1 to 3 years, both instruments reported similar gluten origin and consumption of the different food groups. All of the gluten-containing products that were reported in the food consumed by the children by using the FR were contained in the FQ-gluten4.

[image: Table 2]TABLE 2 Comparison of the origin of gluten intake in children 1–4 years old assessed by the FR and FQ-gluten4



Figure 2 shows the results of the mean amount of daily gluten consumption calculated from the FQ-gluten4 and the FR. Overall, the FQ-gluten4 detected a mean daily gluten intake comparable with that of the FR (P = 0.43). A significant higher intake, however, was reported by the FR in the youngest age group (P = 0.035). Differences were found in warm meal products used and in the number of slices of bread consumed. The absolute median difference in the assessment of gluten consumption by the FR or the FQ-gluten4 was 1160 mg (range 10–8712).

[image: Figure 2]FIGURE 2. Mean gluten consumption (mg/day) and 95% confidence interval (CI) in children in different age categories, assessed by the food record (▪) and the food questionnaire (FQ-gluten4, ●). *P < 0.05.



The Bland-Altman plot with limits of agreement between the data obtained by the FR and the FQ-gluten4 is presented in Figure 3. The SD of the differences was 2600 mg, which means that the differences in the gluten intake using the 2 methods are relatively high in some individual cases. The Bland-Altman limits of agreement for the different food products assessed by the FR and by the FQ-gluten4 are presented in Table 3. The food group with the largest difference in some individual cases is the food group with the highest gluten intake, the bread group (SD 2405 mg), whereas the largest mean difference between the 2 instruments is found in the porridge group (mean 425 mg), which is comparable with the results in Table 2 (significant difference in the percentage of porridge).

[image: Figure 3]FIGURE 3. Bland-Altman plot with limits of agreement between the mean daily gluten intake according to the food record (FR) and the food questionnaire (FQ-gluten4) of children 1 to 4 years old, showing the differences in individual cases and the mean difference using the 2 instruments.



[image: Table 3]TABLE 3 Difference (mg/day) in different food products assessed by the food record and by the food questionnaire, and Bland-Altman limits of agreement
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DISCUSSION

An easy-to-use instrument to quantify the gluten consumption of young children up to 4 years of age was lacking. Therefore, we developed such an instrument: the FQ-gluten4. To our knowledge, we present here the first questionnaire to assess the gluten consumption by children 1 to 4 years old. We have validated this FQ-gluten4 by using an accepted method for food consumption studies as a reference: a 2-day FR.

Overall, results show that the FQ-gluten4 compared with the FR method gives similar results in detecting the mean amount of daily gluten consumption, but that the FQ-gluten4 detects a significantly lower amount of gluten intake in 1- to 2-year-old children and a significant lower percentage of gluten from porridge among 1- to 3-year olds.

A possible explanation for these differences is that we compared a 7-day method (FQ-gluten4) to a 2-day method (FR). For example, the youngest-age children had relatively high gluten consumption on the 2 days the FR was filled in caused by eating pancakes or pasta as their warm meal, whereas the FQ-gluten4 only reported that pasta or pancakes were eaten by the children once or twice per week. In averaging these amounts over 7 days, as the FQ-gluten4 does, it will lead to a lower gluten intake from pasta and pancakes. Furthermore, a higher number of slices of bread were consumed according to the FR compared with the number of slices of bread filled in the FQ-gluten4. This caused differences of 2000 to 6000 mg of gluten per day. The Bland-Altman limits of agreement with an SD of 2600 mg were −5118 to 5630 mg. This means that for individual cases, the difference is large, but considering that variances in consumption of basic food products such as bread in young childrens’ daily food intake are common (7), these differences can be acceptable. To illustrate this, a difference in the intake of 1 slice of bread or 1 pancake will lead to a difference in gluten consumption of about 2500 or 2800 mg of gluten, respectively. Had we asked the parents to fill in a 7-day FR, the higher gluten intake on the 2 days would have been averaged with the other 5 days to a lower mean and would probably be more consistent with the results of the FQ-gluten4. A 2-day FR, however, is an accepted method used in food consumption studies because it gives good enough information on the variety of the food products that these young children consume (7,8) and is of lesser burden on the parents than a 7-day FR. Seemingly, in cases in which the nutrient of interest is gluten and in the age category of 1 to 4 years, the 2-day FR is less suitable. For that reason, a 7-day method such as the FQ-gluten4 will be more representative than the 2-day FR specific for gluten intake, averaging it to a mean daily gluten intake but not overestimating the amount of gluten consumption.

Another possible explanation may be that this is the first test of validity. We did not pretest this FQ-gluten4 to rule out possible shortcomings.

For practical reasons, the inclusion period for the study was only 3 months. In that period, 75 parents of healthy young children agreed to participate. The total number of invited parents was not registered because the present study was aimed to validate an FQ on gluten intake against the widely used FR and not aimed to study the representativity of the study population. For that reason we did not register information on the social status or the age of the participating parents. We do not believe that representativity is an issue because the comparison between the FQ and FR is independent of the social status and of the representativity of the population. The number of participating children in the 3 age categories was rather small; however, groups were large enough to detect significant differences in the 1- to 2- and 2- to 3-year-old children.

The previously developed FQ-gluten for quantification of gluten intake by infants 0 to 12 months old (4) was based on the Dutch eating pattern, with specific Dutch brand names; it was suitable to be used only in the Dutch population. On the contrary, this FQ-gluten has been adapted in other countries to the eating patterns and food products used by their young children through obtaining information on the food products and brand names used from food consumption studies. Afterwards, the FQs were validated using a 2-day FR, and are now being used in a multinational study, the PreventCD study (www.preventcd.com) (3). The newly developed and validated FQ-gluten4 can be adapted by researchers in other countries following the same procedure. Where food consumption studies are not available, a possible way to obtain the necessary information is by using a FR for a basis inquiry among young children. From these results an FQ-gluten can be composed and validated.

Another application for the new FQ-gluten4 can be in quantifying the gluten intake in children suspected to have celiac disease, but with dubious specific celiac antibodies or with mild histological changes in small bowel biopsy samples, under which circumstances the diagnosis cannot be confirmed. One possible reason for these results may be a lower-than-normal gluten intake, for example, in children living in families with patients with celiac disease. Using this FQ-gluten4 for this purpose can give an indication of the average daily gluten intake by the child.

An advantage of a preprinted FQ above the use of a FR is that it can be easily computerized, is less burdensome for the patient or the parent, and may generate an outcome in a short time that can be helpful in consultation with his or her doctor.

In conclusion, the new, short, standardized, validated, and easy-to-use FQ-gluten4 may be a useful instrument to assess gluten intake in individual children 1 to 4 years old suspected of having CD to assess gluten consumption and, at the population level, for study purposes. The use of this standardized method by investigators in different countries will provide opportunities for better comparisons of the results of gluten consumption throughout the world.
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1. This questionnaire is filled in by?

O Other

2. Date of filling in the questionnaire

3. Date of birth of your child
4. Sex

0 Mother

0 Father

O Boy
5. With what frequency do you give your child the following food products?

Food product

Never

Less
than
once a
week

1-3
times a
week

4-8
times a
week

Once a
day

Twice a
day

3 times
or more
aday

Bread and bread products

Bread (1 slice =35 g)

Croissant

Current bread (1 slice =35 g)

Dark rye bread (1 slice = 45 g)

Light rye bread (1 slice =25 g)

French bread / baguette (1 slice = 10 g)

Current bread bump (1 piece = 50 g)

Bread bump (1 piece =50 g)

Crisp bread

Cracottes

Cream cracker (per slice)

Cracker vitaLu

Rusk/crisp bread (per slice)

Bread, toasted (1 slice = 10 g)

Breakfast cereals and porridges

Bambix or Brinta or Molenaar porridge
(200 ml)

Semolina porridge (200 ml)

Oatmeal porridge (200 ml)

Muesli or cruesli (1 portion = 25 g)

All bran Kellog’s or Special K Kellog's
wheat based (1 portion = 25 g)

Kellog's Loops or Smacks or Fruit & Fibre
(1 portion = 25 g)

Weetabix (1 piece = 17 g)

Sweet snacks

Child biscuits: Dora or Samson or Shrek or
Efteling or Disney.

Small sweet cookie: biscuit or scholiertje or
zandkoekje.

Mean sweet cookie: krakeling or café noir
or bastognekoek or Lange vinger

Big sweet cookie: cookie filled with almond
paste or eggcookie or treacle waffle

Liga Milkbreak or Fruitkick or ‘Big and
strong, multigrain”.

Liga Evergreen or 2"9step or 3" step

Sultana (per piece)

Grainbar or mueslibar: Kellog’s or Hero
between

Honey-cake or Happers or Captain Cook

Cake (1 slice =30 g)

Donut (1 piece = 55 g)

Candybar with cookie parts

Spiced cookie or Pim’s Orange cake

Soupstick

Cheese or whipped cream puff (1 piece =
15 g)

Pastry (1 piece = 85 g)

Sausage roll or almond roll

Coffee bread (1 piece = 75 g)
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Never

Less
than
once a
week

1-3
timse a
week

4-6
times a
week

Once a
day

Twice a
day

3 times
or more
aday

Warm meal

Multigrain rice (prepared; 1 spoon= 50 g)

Pasta: macaroni, spaghetti, etc. (prepared;
1 spoon = 50 g)

Whole meal pasta: macaroni, spaghetti, etc.
(prepared; 1 spoon = 50 g)

Couscous (prepared; 1 spoon = 30 g)

Pancake (1 piece = 70 g)

Fritters (1 piece = 10 pieces)

Pizzaslice (1/8 = 50 g)

Tortilla, wrap, taco, pitabread or buritto
(per piece)

Crumbed products (meat, fish, chicken,
cheese) (1 portion = 100 g)

Fishstick or potatoe roll
(1 piece = 30 g)

Vegetarian burgers and balls
(1 portion = 100 g)

Meat ball prepared with bread crumbs
(1 piece = 100 g)

Ready-to-feed warm meal

Olvarit meals (12 - 36 months)

Pasta meals: Macaroni, Spaghetti.

Endive stew with pork meat

Cauliflower with cheese and egg

Kale stew met pork meat

Brown beans with ham

Noodles

Leek, mushrooms, ham, potatoes

Provencal stew with beef

Green beans with potatoes

Fishrisotto with provencal vegetables

Nestle fijnproevertje pasta meal

Nestle fijnproevertje other meals

Soups and sauces

Sauces based on wheat flour
(1 spoon =25 g)

Soup based on wheat flour
(1 portion = 200 ml)

Soup with vermicelli and / or balls
(1 portion = 200 ml)

Snacks

Croquetteball, noodlesball (1 piece = 20 g)

Sausage

Cheese souffle

Chicken nugget

Croquette (1 piece = 70 g)

Fried rice ball (1 piece = 20 g)

Toast (1 piece =5 g)

Salt cake

Cheese pretzel

Salted sticks (per piece)

6. In case your child consumes other gluten containing products not named in the list, please
write down below the amount and the frequency of

consumption.






