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Abstract

The Environmental Determinants of Diabetes in the Young (TEDDY) is an international study
aiming to investigate associations between dietary and other environmental factors and the risk of
developing islet autoimmunity and type 1 diabetes. Dietary intake was assessed using a 24-hour
recall and repeated 3-day food records and analyzed using country-specific food composition
databases (FCDBs) in Finland, Germany, Sweden, and the U.S. with respective in-house
calculation programs. A food grouping harmonization process between four country-specific
FCDBs was conducted to evaluate and achieve comparability on food group definitions and
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quantification of food consumption across the countries. Systematic review revealed that the
majority of existing food groups of the TEDDY FCDBs were not comparable. Therefore, a
completely new classification system of 15 mutually exclusive main food groups (e.g. vegetables)
and 89 subgroups (e.g. root vegetables, leafy vegetables) was developed. Foods and beverages
were categorized into basic foods (single ingredient) and composite dishes (multiple ingredients).
Composite dishes were broken down to ingredients using food composition data available in the
FCDBs or generic recipes created for the harmonization effort. The daily consumption of every
food group across FCDBs was quantified consistently as either raw or prepared weight depending
on the food group to achieve maximal comparability.

Keywords

diet; food analysis; food composition; food consumption; food exposure; food grouping; food
composition database; food grouping harmonization; TEDDY Study; Type 1 diabetes

1. Introduction

The Environmental Determinants of Diabetes in the Young (TEDDY) study is a prospective,
multi-center, international study in which 8676 children with increased genetic susceptibility
to type 1 diabetes and celiac disease are followed across six study centers worldwide (one
each in Finland, Germany, and Sweden; and three in the United States (U.S.)). The
participants are monitored for islet autoantibodies and tissue transglutaminase
autoantibodies until 15 years of age or until they develop type 1 diabetes. The study aims to
examine associations between islet autoimmunity and various environmental exposures such
as dietary intake (TEDDY Study Group, 2008).

Infant and childhood diet plays an important role in the etiology of type 1 diabetes and islet
autoimmunity (Virtanen, 2016) and celiac disease (Andrén Aronsson et al., 20163;
Chmielewska et al., 2015). In order to examine nutrient intakes in the TEDDY study,
considerable effort was made to estimate the comparability of the nutrients between the
country specific food composition databases (FCDBs) linked to the study (Uusitalo et al.,
2011). Besides the role of nutrients there is a growing emphasis on the importance of food
level exposures to better understand diet and disease relationships (Norris, 2010; Virtanen,
2016). One of the aims of the TEDDY study is to examine the quantitative exposure to foods
such as cow's milk, root vegetables and gluten-containing cereals which have been
associated with increased risk of islet autoimmunity, type 1 diabetes and/or celiac disease in
infancy and later in childhood (Knip et al., 2010; Virtanen et al., 2000; Virtanen et al., 2012;
Lamb et al., 2015a; Lamb et al., 2015b; Virtanen, 2016; Szajewska et al., 2016). It is critical
to quantify the consumption of foods consistently across the participating countries when
studying the putative associations between dietary intake and outcome.

Two approaches to group or categorize foods are described in the literature: the behavioral
and the epidemiological approach (Cullen et al., 1999). The approaches differ in the
contribution of specific foods to the food groups as well as in the application for the
approach. The behavioral approach is more practical and (mostly) based on household
servings. For example, the coding does not take small amounts of vegetables into account
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when coding a pizza because vegetables within a pizza do not contribute enough to be
included in the vegetable food group (Mitchel, 2001). Nonetheless, the pizza itself is
counted a suitable food group as a main dish. The epidemiological approach, on the other
hand, is more “detailed” and includes all ingredients of food items that contribute to dietary
intake, no matter how small the contribution is. Weights are usually counted as gram
amounts. Composite dishes such as pizza are broken down into their ingredients and then
grouped under the respective food groups (Cullen et al., 1999; Mitchel, 2001).

Difficulties associated with categorizing foods start with the definition of food groups and/or
subgroups, the use of raw or prepared weight, as well as flexibility and limitations of
databases to assign foods into respective food groups (Mitchel, 2001; Ireland et al., 2002).
Decision processes are complex and international food grouping is even more complicated
because of diverse food nomenclature, terminology or even cultural differences which may
all lead to different food grouping (Truswell et al., 1991). The use of standardized systems
enables linking and describing food composition data across country specific databases
(Ireland & Mgiller, 2013a). To overcome food categorization difficulties, the Langua
aLimentaria (LangualL)™ method can be used to provide a standardized language for
describing foods in a systematic way (Ireland & Magller, 2013b). There also exist
inconsistencies in the food grouping algorithms between countries in national FCDBs
(Ireland et al., 2002). For successful comparisons, single food items and ingredients of
composite dishes need to be allocated into suitable and comparable categories. Furthermore,
the form of the foods should be considered. It needs to be defined whether the weight of a
food group is given as raw or prepared weight; dry, fresh or liquid weight. If one FCDB
provides only raw and another only prepared weights the results are not comparable. Thus,
in order to produce comparable results, the FCDBs must contain mutually comparable food
grouping data, including an agreement on food groups and reported weights. Preferably raw
weights should be reported, using national conversion factors reflecting national differences
in food preparation (Ireland et al., 2002). One example of an international standardized
system for classifying foods is that of the European Food Safety Authority (EFSA)
(European Food Safety Authority (EFSA), 2015).

In the TEDDY study, food grouping harmonization was conducted to evaluate and achieve
comparability on food group definitions and the quantification of food intakes across FCDBs
used in Finland (FINELI), Germany (LEBTAB), Sweden (TEDDY-SWE), and the U.S.
(Nutrition Data System for Research). The aim of this paper is to describe the harmonization
efforts and the TEDDY food grouping system, which was developed primarily based on
existing hypotheses in the etiology of type 1 diabetes and celiac disease.

2. Material and methods

In the TEDDY Study, dietary intake was assessed by interviewing parents using one 24-
hourrecall on the first visit at child's age of 3 months. Thereafter, all foods and beverages
consumed are recorded using 3-day food records, carried out at the ages of 6, 9, and 12
months and from there biannually until the child is 15 years old. The food consumption data
are entered and analyzed using the country-specific FCDB, i.e. the national food
composition database FINELI in Finland, LEBensmittel TABelle (LEBTAB) in Germany,
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NFA FCDB (The TEDDY Malmé version of the NFA Database; TEDDY-SWE), and
Nutrition Data System for Research (NDSR) in the U.S. and their respective in-house
dietary intake data processing software's. Details on the FCDBs and nutrient harmonization
have been previously published (Uusitalo et al., 2011). The TEDDY Data Coordinating
Center in Tampa (FL, U.S.) gathers, stores, and processes the nutrient analysis data and food
grouping output files from the national FCDBs. A brief description of each FCDB is given
below.

2.1. Food composition databases - their original structure and food grouping systems

The Finnish FCDB FINELI is maintained by the National Institute for Health and Welfare,
Finland consisting of more than 7,000 food items (ingredients and dishes) and more than
900 supplements. Composite dishes can be automatically broken down into ingredients
except for the following core foods: crisp breads, breakfast cereal and cookie recipes created
before 2010 (cookie recipes have been replaced by noncore ones gradually along the years),
pasta (also with mixed flours), cereal mixtures, and nachos. Recipes can be used within
recipes and there is no restriction of recipe levels within FINELI. For both recipes and basic
foods, yield factors are applied at ingredient level. The weights given by FINELI are
expressed as eaten if counted at the food use level or given as raw if counted at ingredient
level. The food items are structured by food use class (FUCLASS) and ingredient class
(IGCLASS), relating to both main food groups and subgroups captured on both food use
level and the ingredient level (National Institute for Health and Welfare, 2016). While the
food use class (FUCLASS) is based on the international classification “COST Action 99”
(Working Group on Food Data Management and Interchange, 2000), which has been
modified to better serve the Finnish needs, the ingredient class (IGCLASS) was developed
in-house. Overall, there are 17 main food groups for the FUCLASS with 104 subgroups and
18 main food groups for the IGCLASS with 89 subgroups.

The LEBTAB FCDB including its food grouping system was developed in-house for the
longitudinal DONALD (DOrtmund Nutritional and Anthropometric Longitudinally
Designed) study (Kroke et al., 2004). Currently, the TEDDY version of LEBTAB contains
>20,300 food items including basic foods, composite dishes, additives, supplements and
medicine. Of these approx. 2,200 are basic food items and 17,300 are and composite dishes.
Composite dishes can be broken down to their ingredients according to the underlying
recipes. An ingredient within a recipe may be a composite dish itself, which can be broken
down to its ingredients in a second step. In LEBTAB, the use of recipes within a recipe is
restricted to one level, i.e. the second ingredient breakdown contains only basic food items.
Within the recipe simulation the yield factors are applied on recipe level, e.g. a commercial
baby food containing carrots, potato, and beef is assigned with one yield factor. For single
foods, the yield factor is applied on ingredient level, e.g. lunch containing: cooked carrots,
baked potato, and fried beef. The weights given by LEBTAB are raw except for canned
foods, cooked ham, some pasta, rice, and commercial products, which are given as prepared.
LEBTAB contains 23 main food groups and no subgroups, as previously described (Sichert-
Hellert et al., 2007).
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The National Food Administration (Livsmedelverket) maintains the National Food Database
(NFA FCDB) in Sweden. The NFA FCDB contains more than 2,000 food items (ingredients
and dishes) (National Food Administration, 2014) and is the foundation of the TEDDY-SWE
food database. The NFA FCDB did not contain any nutrient information on commercial
baby foods (infant formulas, infant porridge, gruel), but since the start of TEDDY, all
nutrient data on commercial baby foods have been created/compiled from information based
on ingredient information and manufacturer data. Moreover, recipes on dishes cooked by the
TEDDY families were added to the TEDDY-SWE database. To date, the TEDDY-SWE
database contains over 12 000 food codes (food items, core foods, recipes) in addition to the
over 2000 food items provided by NFA FCDB. Composite dishes can be broken down into
their ingredients except for the following core foods: Crisp breads, cookies/crackers,
breakfast cereals, commercial sweet bakery products, mixed vegetables (canned or frozen),
and apple sauce. Within TEDDY-SWE there is no restriction of recipe levels, however, only
one level is used in practice, i.e. one recipe is used as an ingredient within another recipe.
Within the recipe calculation, food items are entered raw and yield factors applied at
ingredient level.

The use of recipes within a recipe is allowed and all recipes break down to single
ingredients. For single foods, TEDDY-SWE database provides raw and prepared basic food
items and core foods, respectively. In order to convert prepared basic food items to their raw
weight recipe simulation is used, i.e. application of yield factors at ingredient level. TEDDY-
SWE database contains 41 main food groups and 240 subgroups.

The NDSR FCDB is maintained by the University of Minnesota Nutrition Coordinating
Center (NCC) in the U.S., including over 18,000 food items (ingredients and dishes)
(Nutrition Coordinating Center (NCC) University of Minnesota, 2015). With the availability
of many ingredient choices as well as preparation methods NDSR provides more than
160,000 food variants. By default, NCC provides two levels of ingredient information.
Composite dishes are broken down to their ingredients according to the underlying recipe.
Recipes can be used within recipes and there is no restriction of recipe levels within NDSR.
Nevertheless, many ingredients within a recipe are composite dishes which are not broken
down automatically, e.g. breakfast cereals, breads, bakery sweets and savory, pasta, baby
foods, fast foods such as chicken nuggets or other commercial dishes. To create composite
dishes, NDSR distinguishes between recipes, formulations, and core foods. The yield factor
is taken into account on recipe or ingredient level. In general, the main goal of the recipes
and formulations used in NDSR is to match the nutrient profile of a food as closely as
possible. The weights given by NDSR are all as consumed, i.e. either raw or prepared. The
only raw meat or fish within NDSR would be carpaccio or sashimi/sushi. The NCC Food
Group Serving Count System, which includes 9 major food categories and 168 sub-
categories, was designed to quantify foods by the number of servings. The reference serving
sizes used by the NCC are based on the recommendations made by the 2000 Dietary
Guidelines for Americans and the Food and Drug Administration.
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2.2. Systematic comparison

Systematic comparison of food groups was carried out between the four country-specific
FCDBs within the TEDDY study. The process involved evaluation and comparison of
existing food grouping systems and types of available variables (e.g. ingredients vs. recipes/
composite dishes, default ingredient breakdown, possibility of regrouping ingredients
manually). Furthermore, the handling of foods weights, i.e. raw vs. prepared and the
application of yield factors was discussed. FCDB experts outside the TEDDY study were
also consulted.

3. Results

Systematic review revealed that the majority of existing food groups in the FCDBs were not
comparable. Table 1 illustrates the challenges to find common ground in food classification
with the food group “cereals and cereal products” as an example. For cereal FINELI
contains on food use level one main group and under it 14 food use subgroups and on
ingredient level one main group and under it 9 ingredient subgroups, while LEBTAB
contains 3 main food groups to capture cereals and cereal products. TEDDY-SWE comprises
9 main food groups with 53 subgroups and NDSR includes a total of 35 subgroups within
the NCC Food Group Serving Count System. This example shows that the groups did not
compare very well across the countries. Therefore, an alternative and completely new
classification system was developed in-house for all food items and food groups that could
be made comparable, to a large extent based on TEDDY hypotheses, i.e. for cereals to
distinguish seven food groups on an ingredient level, i.e. rice; wheat; rye; oats; barley; corn;
other gluten free flours and starches, to improve the comparability of cereal consumption
data between the TEDDY countries. All TEDDY food groups are described in Table 2. They
were classified in 15 mutually exclusive main food groups and 89 subgroups. They were
designed to examine the quantitative exposure to specific food groups such as wheat, cow's
milk, berries, or root vegetables across countries. The harmonization process is described in
the following:

3.1 Classification of foods in the TEDDY food grouping system

All foods and beverages consumed by TEDDY participants are categorized into basic foods
(single ingredient) or composite dishes (multiple ingredients). Within the TEDDY food
grouping each food item undergoes an assignment process — automatically or manually — in
which it is determined whether the food item is a basic food or a composite dish and whether
composite dishes can or cannot be broken down into its ingredients. Figure 1 depicts the
disaggregation procedure of basic food items and composite dishes which serves the food
grouping process. While basic foods such as apples could be directly assigned to the
corresponding food group, composite dishes, e.g. apple pie, were broken down to
ingredients using recipes available in the country-specific FCDBs. There were differences in
the breakdown procedures between the TEDDY countries (see also 3.3). While some
software linked to the FCDBs broke down most of the dishes in the database others had only
few automated complete break-down processes. Generic recipes were created for dishes that
did not break down into their ingredients and programmed to be used in the food grouping
procedure. Core dishes are in general terms often regarded as their own food groups for
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which the ingredient information is not on demand, however, in TEDDY this ingredient
information is of interest. Examples of these include wheat pasta and crisp bread. Eventually
ingredients were allocated to one of the 89 mutually exclusive subgroups with a few
exceptions: e.g. spices, vinegars, artificial sweeteners, xylitol containing products, HP
Sauce, water, as well as the food group containing sugar, syrups, honey, jams and jellies. The
total amount of daily consumption of every food group was consistently expressed as either
raw, prepared, dry or liquid gram weight. Powdered products were converted to liquids when
applicable, to achieve the maximal comparability.

3.2 Automatized and manual assignment of food items and food groups

The existing food groups in every FCDB were either integrated verbatim to the TEDDY
food groups if the definitions matched or they were manually re-grouped into the respective
TEDDY food groups. All foods in FINELI were manually assigned to the respective
TEDDY food groups. Existing FINELI food classifications were used to help this manual
assignment. The main food groups in LEBTAB could not easily convert to the TEDDY food
groups. Therefore, recorded food items were manually assigned to TEDDY food groups.
Within the TEDDY-SWE FCDB most food groups were created to match the TEDDY food
grouping system when the FCDB was updated in 2007, i.e. existing main food groups and
subgroups were aggregated. Manual assignment of food items into the correct TEDDY food
group was necessary for those food items whose original food group did not match the
TEDDY food group. This was the case for approximately 200-250 food items. Within
NDSR only a few groups of the NCC Food Group Serving Count System matched the
TEDDY food groups. This applied to 75 of 168 groups such as citrus juice, vegetable juice,
yogurt, and cold cuts and sausage. Other groups of the NCC Food Group Serving Count
System were automatically assigned to break down into their ingredients. This was the case
for 45 groups such as grains, flours and dry mixes of pancakes, breads, muffins, etc.; loaf-
type bread and plain rolls; other Breads (quick breads, corn muffins, tortillas). Food items of
the remaining NCC Food Group Serving Count System groups were manually assigned to
corresponding TEDDY food groups. NDSR annually updates its database version, which
results in the manual assignment of approximately 1000 new food items to the appropriate
TEDDY food groups per year. Similarly, new food items are added to FINELI, LEBTAB,
and TEDDY-SWE on a regular basis, which are then assigned to a corresponding TEDDY
food group.

3.3 Ingredient breakdown and core dishes

Among all FCDBs FINELI, LEBTAB, TEDDY-SWE, and NDSR, composite dishes can be
broken down into their respective ingredients. However, FINELI and the TEDDY-SWE
FCDB contain core dishes, which are not automatically broken down. Country-specific
generic recipes were used to break down these core dishes into their ingredients. The
ingredient breakdown of core dishes was done manually within the countries FCDB or at the
TEDDY Data Coordinating Center, in order to provide an estimation of the ingredient
proportions and to estimate the ingredient amount consumed. The development of country-
specific generic recipes was done according to local food manufacturing guidelines. If the
ingredient breakdown was not performed by software linked to the FCDB, manually created
recipes were gathered in a separate file and applied to the core dishes using the SAS
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environment after food calculation process and to assign them to their respective TEDDY
food group (e.g. mixed vegetables).

NDSR also contains core dishes, which are not automatically broken down. Therefore, the
NCC created a special ingredient breakdown file for the TEDDY study, which includes the
ingredient information of the remaining core dishes. Unlike the structure in LEBTAB,
NDSR does not restrict the extent of recipes being used as ingredients within another recipe,
so multiple layers of breakdown are often needed to reach the ingredient level. This
ingredient breakdown for the TEDDY study is conducted on a yearly basis together with the
release of the new database version. After this ingredient breakdown was provided by the
NCC only pasta and applesauce remained as core dishes. Generic recipes were then created
by the NCC to obtain an estimate of the ingredients of the core dish.

3.4 Conversions

In order to express the amount of every food group consistently as either raw or prepared
gram weight, conversions needed to be applied. Most of those conversions could be made
with the countries' FCDBs or the corresponding data processing software using national
conversion factors to convert e.g. cooked vegetables into raw ingredients as these reflect
national differences in food preparation. For some food items such as cooked or fried
potatoes, French fries, potato chips, canned vegetables and sprouts the conversions are done
at the TEDDY Data Coordinating Center. Moreover, conversion factors needed to be
employed to allow the aggregations of processed food items into TEDDY food grouping
subgroups. For instance, to estimate the overall quantity of fat-free, low-fat, high-fat milk,
milk powder had to be multiplied by country specific conversion factors to be transformed
into liquid equivalents of fresh milk which could be added to the corresponding subgroups.
Finland (Valio, 2016) and the U.S. (Nutrition Coordinating Center (NCC) University of
Minnesota, 2015) use the conversion factors 11 and 10.4, respectively. For Germany and
Sweden, the Finnish conversion factor was borrowed to convert milk powder into liquid
equivalents of fresh milk. Other examples are cream powder, whey concentrate, infant
formula, dried potatoes, and potato flakes.

To quantify the amount of breast milk consumed, algorithms developed by the Institute of
Medicine were used (Institute of Medicine, 2005). The estimated energy requirement (EER)
based on a child's age and weight is determined for every visit as well as the energy from
complementary feeding reported on the food record (FR Kcal, harmonized). Then the energy
of breast milk (BM Kcal) can be calculated (BM Kcal = EER - FR Kcal). If the EER
exceeds the FR Kcal, the caloric difference is assumed to be from breast milk. The amount
of breast milk consumed by a child is calculated as follows: breast milk ingested (g) = BM
Kcal / energy density per 100 g, where the energy density is 65 kcal in Finland, 69 kcal in
Germany, 75 kcal in Sweden, and 70 kcal in the U.S. per 100g.

3.5 Additional variable

In Germany, an additional variable was introduced to capture whether a food item contains
added pro-, pre- or symbiotics on the level of food grouping. Finland, Sweden, and the U.S.
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flag probiotic foods on the data entry level, i.e. per food item and provide this information in
the nutrient intake file separate from the food grouping file.

3.6 Food grouping database

All food grouping data are transferred to the TEDDY Data Coordinating Center where
country-specific files are stored in a centralized food grouping database. Within the food
grouping database generic recipes are applied to the core foods and other necessary
conversions are executed. For analyses purposes, food level intake data can be summarized
at various levels as needed, e.g. total intake per day per food group for every child at every
age of data collection.

3.7 Food grouping exercises

Several food grouping exercises were carried out across all participating countries to see
whether the countries were able to classify recorded food items in their FCDBs according to
the TEDDY food grouping system. The result was that all the countries were able to use the
new classification system. However, it also became clear that a lot of manual work would be
needed to fully implement the TEDDY food grouping system and all countries expressed the
need for further directions to assign food items to the different food groups in a comparable
way and to agree on how the gram amounts within a food group should be reported (i.e.
raw / prepared / liquid / dry weight). A detailed manual with clear definitions of every food
group was developed to ensure that food items were grouped in the correct TEDDY food
group using the correct gram weight. The food group assignment of every food item was
made by dietitians or nutritionists who were from the same country and were familiar with
the food items.

4. Discussion

To the best of our knowledge this is the first FCDB harmonization at food group level
conducted across country-specific FCDBs in an international multicenter cohort study. This
harmonization enables assessment of the quantitative exposure to specific food groups such
as wheat, cow's milk, berries or root vegetables across the TEDDY countries.

Previous approaches to harmonize food grouping data have shown that food items need to be
aggregated to the lowest and least detailed level of information in order to make data among
countries comparable. This is because the level of detail in which food data were collected
ranges from very detailed food groups to more aggregated ones (Lagiou & Trichopoulou,
2001; Ireland et al., 2002; Slimani et al., 2000). The European Prospective Investigation into
Cancer and Nutrition (EPIC) study conducted a comparison to evaluate the nature and
magnitude of differences between national FCDBs (Slimani et al., 2000). At food level, not
only the number of food items reported but also the level of detail reported (e.g. cooking or
preservation method) varied substantially between FCDBs (Slimani et al., 2000). Within the
EPIC study, detailed food lists derived from existing standardized 24-hour recalls could be
used for food grouping. A standardized database was built where EPIC food lists and
nutrient lists were matched to those available in national databases or, alternatively, defined
how to calculate or adjust them (Slimani et al., 2000; Slimani et al., 2007). Because numbers
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of food items varied from 3500 in Greece to 15 000 in France, initial EPIC food occurrences
were aggregated to obtain 547 — 1537 foods per country using a calibration approach
requiring good estimates of mean population intakes (Slimani et al., 2007). The differences
among TEDDY FCDBs presented similar challenges, however, within TEDDY there was no
option to lose the level of detail and subsequently the opportunity to analyze exposures to
specific food groups.

To date, a universal food classification system is lacking. Different approaches to classify
food items result from different objectives or may even reflect different legislations.
Sometimes classification systems may be contradictory and their very existence shows that
there can be no single international classification system that serves all needs of every food
composition database compiler (Ireland & Magller, 2000). The Euro Food group (EFG)
classification system with 33 main food groups was created to attempt a comparison of food
consumption data collected using different food classification systems across European
countries (Food and Agriculture Organization of the United Nations (FAQ) balance sheet,
World Health Organization Global Environment Monitoring System (WHO GEMS) /
FOOD, Data Food Networking (DAFNE), Eurocode 2, French survey, Dutch survey, and
EPIC Soft). Verger et al. concluded that the EFG system is the best compromise between
different classification systems (Verger et al., 2002), even though further work would be
needed to establish an acceptable level of comparability where discrepancies between
different reporting methods of food consumption data (“as consumed level”, “raw ingredient
level” or both) are solved (Ireland et al., 2002; Verger et al., 2002). Eventually, foods can
only be made comparable at the “raw ingredient” level (Ireland et al., 2002).

The EFG classification system would not fit the TEDDY purpose and/or the FCDBs used in
TEDDY. The goal of the TEDDY food grouping is to quantify exposure to very specific food
groups which are hypothesized in the etiology of type 1 diabetes and celiac disease and the
EFG system would not have been specific enough. For example, exposures to gluten and
cow's milk are important factors to be investigated in TEDDY, but the EFG cereal and cereal
products groups (“bread and rolls”; “breakfast cereal”; “flour”; “pasta”; “bakery products”;
“rice and other cereal products”) do not distinguish by the amount and existence of gluten as
needed in TEDDY (rice, wheat, rye, oats, barley, corn or other gluten free flours and
starches). The EFG milk and milk product groups (“milk™; “cheese”; “other milk products™)
do not specifically capture cow's milk vs. other kinds of milks either. It was necessary to
conduct a harmonization between the FCDBs used in TEDDY on the food level, to achieve a
harmonized food grouping system serving the needs of TEDDY. TEDDY collects nutritional
epidemiologic data to identify risk factors for type 1 diabetes and celiac disease. Therefore,
it was logical to employ the epidemiological approach to avoid losing details even though
this approach requires a huge amount of manual work (Mitchel, 2001).

In order to make food groups comparable, we needed to make a decision on how to report
the weight. Since foods can only be made comparable at the “raw ingredient” level most
TEDDY food groups are given as raw and/or dry weight. A food grouping harmonization on
raw ingredient level was achieved for most food groups, such as cereals (except for “rice
milk” and “oat milk”), fruits and berries (except for “dried fruits” and “fruit juices”),
vegetables (except for “vegetable juices”), soy beans, nuts and seeds (except for the
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respective “milks”), various kinds of milk, meat (except for “processed meats and
sausages”), fish (except for “processed fish” and “canned fish), and eggs.

A challenge within the food grouping was that not all composite food items break down
fully to ingredients. To overcome this issue, generic recipes were used within the TEDDY
food grouping to estimate ingredient proportions. It is common practice across FCDBs to
estimate mean nutrient values of mixed dishes or average weighted food items using generic
recipes (Slimani et al., 2000). One example is a commercial product such as a “gluten free
chocolate cupcake, bought in a store” where no other information is given. In addition, this
method can be used for core foods such as pasta which cannot be broken down into its
ingredients. Recipe information can be taken from product packages, cookbooks or the
internet. Within the TEDDY study, the process of recipe simulation is conducted by trained
dietitians and nutritionists. The addition of new food items into a FCDB either with known
ingredients and exact recipes or generic recipes offers flexibility. If a FCDB does not contain
a specific food item e.g. wheat corn pasta, it can be added to the database, eventually
breaking it down into its ingredients and thus providing the much needed ingredient
information for the TEDDY food grouping. The use of generic recipes can be monitored
throughout time to see how often generic recipes are used and to see whether data
differences between countries may stem from these estimations.

The TEDDY food grouping harmonization was not accomplished for all food items across
the countries. As described, examples of exceptions were spices, vinegars, water, as well as
the food group containing sugar, syrups, honey, jams and jellies because we were not able to
comparably quantify the weight of those food groups across the countries. Therefore, they
were excluded in the exposure analysis. However, the amount of sugar from these sources
are captured by the nutrient variables “total sugars” and/or “added sugars”. Overall, we were
able to harmonize all 89 TEDDY food groups providing comparable weight ingredient
information across participating TEDDY countries. All participating TEDDY countries
submit the food grouping data in the same format, either as an Excel or CSV file, to the
TEDDY Data Coordinating Center where country-specific files are retained and stored in a
centralized food grouping database. Data files can then be further processed, e.g. by
applying generic recipes to core foods or other necessary conversions. The final food
grouping data will be combined with nutrient data and used for statistical analysis.

Within the TEDDY food grouping no harmonization of conversion factors took place. Most
of the conversions are done within individual FCDBs or the corresponding data processing
software using national conversion factors that reflect national differences in food
preparation. Given not all countries have their own yield factors for every single food item,
conversion factors used in one FCDB (e.g. dry milk powder to liquid milk) may be
referenced in another FCDB.

The TEDDY food grouping comprises a lot of continuous, manual work across all FCDBs to
re-group food items into TEDDY food groups or to create new food items / recipes within or
outside each FCDBs, thus being very flexible and dynamic. When new foods are introduced
into FCDBs which are not yet captured by the TEDDY food grouping system, the FCDBs
can easily be adjusted to accommaodate the new foods. For future attempts to harmonize food
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grouping between country specific FCDBs it would be highly beneficial if all FCDBs had
appropriate documentation with references available e.g. definitions of food groups and all
terms used, and conversion factors for converting prepared weights to original mutually
comparable raw weights whenever applicable. This would very much facilitate
harmonization and probably make the whole process much faster.

5. Conclusions

The development of a harmonized food grouping system for between-country comparisons
in the TEDDY study was completed to produce comparable quantification of food
exposures. The harmonized TEDDY food grouping data can be used to conduct descriptive
analyses, to analyze association between food exposure and islet autoimmunity, type 1
diabetes or to identify risk factors for celiac disease such as gluten exposure across TEDDY
countries. So far, this has only been possible using Swedish data (Andrén Aronsson et al.,
2016b). Moreover, exposure data at food level will provide the opportunity for dietary
pattern analyses.
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Definitions of terms used in the manuscript / TEDDY terminology

Basic food
Food comprising a single ingredient (see also: Ingredient; e.g. carrot, beef), which can be
raw or prepared.

Break down

Process to separate out the information about ingredients (see also: Ingredient) of a
composite dish or a mixed dish (see also: Dish / composite dish / mixed dish), i.e.
‘breaking down’ a dish to its ingredients.

Core dish / core food

A core dish (e.g. pasta sauce, veggie burger) does not break down (see also: Break down)
into ingredients (see also: Ingredient) automatically in the food grouping calculation
process. It is sometimes called a core food especially if referring to a common commercial
product (see also: Product; e.g. crisp bread, breakfast cereal).

Dish / composite dish / mixed dish

A food item (see also: Food item) that has been prepared at home or by industrial or
catering processes (Reinivuo & Laitinen, 2007). A dish has one or more ingredients (see
also: Ingredient). If more than one ingredient, then it is called a composite dish or a mixed
dish. A dish breaks down (see also: Break down) into ingredients in food grouping process.
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Dry weight
The weight of the food items (see also: Food item) in a food group is given as dry weight,
e.g. flour, rice, wheat, starches, baby formula powder.

Food item
General term used if spoken about basic foods (see also: Basic food) and dishes (see also:
Dish / composite dish / mixed dish).

Form of food
General term used to describe the appearance of a food item (see also: Food item), e.g. raw
or prepared; fresh, dry, liquid or powder.

Formulation

If a recipe (see also: Recipe) includes nutrients as ingredient (see also: Ingredient) to match
the Nutrition Facts-label information of a dish (see also: Dish / composite dish / mixed dish)
the recipe is called a formulation. The term is only used in the U.S. food composition
database (FCDB).

Generic recipe / standard recipe

Used to estimate average weighted food items (see also: Food item) (Slimani et al., 2000)
among several recipe (see also: Recipe) variations of the same dish (see also: Dish /
composite dish / mixed dish).

Ingredient
A food item (see also: Food item) included in a recipe (see also: Recipe) (Reinivuo &
Laitinen, 2007).

Liquid weight

The weight of the food items (see also: Food item) in a food group is given as liquid
weight. This can be liquid itself (e.g. coffee, juice, soft drinks or infant formula) or it is
possible that conversions need to be made from dry weight (see also: Dry weight) to liquid
weight (e.g. baby formula as powder will be converted to the ready-to-drink form).

Prepared weight
The weight of the food items (see also: Food item) in a food group is given as prepared
which resulted from cooking e.g. steaming, baking or frying.

Product
A dish (see also: Dish / composite dish / mixed dish) that has been industrially prepared.

Raw weight

The weight of the food items (see also: Food item) in a food group is given as raw food. In
this case, it is possible that conversions need to be made from prepared weight (see also:
Prepared weight) to raw weight within that food group, e.g. conversion of the weight of
cooked peas to their raw weight.

Recipe
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A list of ingredients (see also: Ingredient), including the amounts, which are needed to
prepare a selected dish (see also: Dish / composite dish / mixed dish) (Reinivuo & Laitinen,
2007). Note: A recipe can be included in a recipe, e.g. in filled pasta recipe, pasta has its
own recipe.
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Highlights

3-5 bullet points to include core findings need to be submitted in a separate file, with a
maximum of 85 characters (including spaces) per bullet point

. TEDDY study investigates the environmental determinants of diabetes in the
young (82 characters incl. space)

. Food grouping definitions were harmonized across four food composition
databases (82 characters incl. spaces)

. The harmonized food groups comprise 15 main groups and 89 subgroups (69
characters incl. spaces)

. Food grouping harmonization enables studying food intakes across TEDDY
countries (80 characters incl. spaces)
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BASIC FOOD or DISH
— | —
— 3 H‘""‘"—--‘H
— ‘"“"--.,_;
DISH that partly
DISH that breaks | | breaks downinto | | S Dy that
BASIC FOOD down into ingredients v likba
e.g. apple ingredients e.g. Tortellin ingredients
e.g. apple ple = “h:;z f:.sm & g criph
e Pl T i-'fpﬂ'ﬂ'“"""' Soga e
INGREDIENT
e.g. apple, butter (from .
the apple pie), o Generic CO&}EM?IS?
cheese (from Tortellini), recipes e :l b p:; -
wheat flour (from pasta o
and crisp bread)

Figure 1. Overview of the disaggregation procedure of basic food items and composite dishes
FCDB - Food Composition Database; Both FCDB and generic recipes are country-specific.
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Comparison of original food grouping systems across the food composition databases used
in The Environmental Determinants of Diabetes in the Young (TEDDY) study (with
cereals and cereal products as an example)

FINELI2 (Finland)

LEBTABP (Germany)

TEDDY-SWEC (Sweden)

NDSRY (U S))

Food use classes (Cereals
and cereal products)

Biscuits

Bread, mixed flour

Breakfast cereals

Buns

Pasta dishes

Pies and other cereal
products

Pizza

Porridge

Rice as a side dish

Rye bread

Sandwiches and burgers

Savory bakery

Sweet bakery

Wheat bread

Ingredient Classes (Cereals)

Rice

Wheat

Rye

Oats and barley
Other grains
Starches

Pasta and macaroni
Crispbread

Cereal grains, breakfast
cereals, pasta

Baked products: breads,
bread rolls, etc.

Baked products: cakes,
biscuits, etc.

Bread

Crisp bread; Soft white bread; Rye bread,
coarse rye bread; Soft whole meal bread; Soft
and crispy flatbread; Gluten free bread and
rice crackers; Dishes based on bread
Porridge; gruel

Porridge with gluten; Porridge gluten free;
Gruel with gluten; Gruel gluten free
Cereals; muesli

Cereals, muesli low/unsweetened; Cereals,
muesli sweetened; Commercial baby foods
based on fruit purée and cereals
Pancakes; waffles; crépes

Pancakes, waffles, crépes; Dishes incl.
meat/sausages/poultry; Dishes incl. fish and
seafood; Dishes incl. vegetables; Gluten free
dishes; Unspecified
Pizza; pie; pirogues

Dough; Dishes incl. meat/sausage/poultry;
Dishes incl. fish and seafood; Dishes incl.
vegetables; Dishes incl. cheese and egg
Rice and grains

Rice; Rice flour; Rice milk; Grains and
seeds, cooked; Dishes incl. meat/sausage/
poultry; Dishes incl. fish and seafood; Dishes
incl. vegetables; Rice based desserts
Pasta

Pasta; Pasta gluten free; Pasta dishes —
simple; gluten free; Dishes incl. meat/sausage/
poultry; Dishes incl. fish and seafood; Dishes
incl. vegetables; Dishes incl. cheese and egg
Bakery sweet

Buns, crust; Biscuits, cookies, crackers;
Cakes, pastries, swiss roll; Sponge cake w/o
filling; Gluten free sweet bakery
Flour; starch

Wheat; Rye; Oats; Barley; Other cereals;
Flour blends; Gluten

Grains, Flour and Dry Mixes
- Whole Grain; Some Whole
Grain; Refined Grain
Loaf-type Bread and Plain
Rolls - Whole Grain; Some
Whole Grain; Refined Grain
Other Breads (quick breads,
corn muffins, tortillas) -
Whole Grain; Some Whole
Grain; Refined Grain
Crackers - Whole Grain;
Some Whole Grain; Refined
Grain

Pasta - Whole Grain; Some
Whole Grain; Refined Grain
Ready-to-eat Cereal (not
presweetened) - Whole Grain;
Some Whole Grain; Refined
Grain

Ready-to-eat Cereal
(presweetened) - Whole
Cakes, Cookies, Pies,
Pastries, Danish, Doughnuts
and Cobblers - Whole Grain;
Some Whole Grain; Refined
Grain

Snack Bars - Whole Grain;
Some Whole Grain; Refined
Grain

Snack Chips - Whole Grain;
Some Whole Grain; Refined
Grain

Popcorn

Flavored Popcorn

Baby Food Grain Mixtures -
Whole Grain; Some Whole
Grain; Refined Grain

1duosnuep Joyiny

aFinnish food composition database;
b .
Lebensmittel Tabelle;
cThe national Swedish food composition database (FCDB) is called NFA FCDB which does not include information about commercial baby foods.
After the TEDDY Study added the baby food information to a copy of the NFA FCDB the new version of the database was named TEDDY-SWE to

distinguish it from the original version.;

dNutrition Data System for Research
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