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Abstract
This thesis investigates early life dietary factors with focus on amounts of gluten, dietary sources of gluten, intake
of milk powder, as well as dietary patterns and risk of celiac disease autoimmunity (CDA) and celiac disease (CD)
in children at genetic risk.
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TEDDY children in a nested case control study. Overall, there was no association with CD.
The final study explored simplified dietary patterns and associations with CDA and CD. Higher adherence to
Unsaturated fats and wheat at age nine months as well as Potatoes and meat at age 18 months were inversely
associated with CDA and CD, whereas higher adherence to Unsaturated fats and wheat at 24 months was
associated with increased risk of CDA and CD.
This thesis concludes that several dietary factors after infancy and weaning are associated with risk of CDA and
CD in children at genetic risk. These findings should be validated in other prospective cohorts as well as in clinical
trials before concluding causality.
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The

of celiac disease

Figure 1 Key events in CD pathogenesis, from Christophersen et al, Trends is Molecular Medicine, 2019 (18).

Figure 2 The celiac iceberg and spectrum of the disease. Figure from Lionetti and Catassi, International Reviews of
Immunology, 2011 (29).

Table 1 The Marsh-Oberhuber classification of intestinal biopsies in CD. Adopted from Dickson et al, Journal of Clinical
Pathology, 2006 (32).

IEL count*

*

Marsh 0

Marsh 1

Marsh 2

Marsh 3a

Marsh 3b

Marsh 3c

Marsh 4

>30/100

>30/100

>30/100

<30/100

<30/100

>30/100

>30/100

Crypt hyperplasia

-

-

+

+

+

+

-

Villus athrophy

-

-

-

Mild

Moderate

Total

Total

Number of intraepithelial lymphycytes (IEL) per 100 enterocytes.

Figure 3 Incidence of CD in Swedish children between 1973-1997; a period aslo referred to as the “Swedish epidemic”.
Figure from Ivarsson et al, Acta Paediatrica, 2000 (113).

•
•
•
•

Table 2 Eligible HLA genotypes for enrollment in the TEDDY study. Adopted from Hagopian et al, Pediatric Diabetes,
2011 (138) and Liu et al, NEJM, 2014 (38).
HLA genotype

Abbreviation

General population
DR4-DQA1*03:0X-DQB1*03:02/DR3-DQA1*05:01-DQB1*02:01

DR3-DQ2/DR4-DQ8*

DR4-DQA1*03:0X-DQB1*03:02/DR8-DQA1*03:0X-DQB1*03:02

DR4-DQ8/DR4-DQ8*

DR4-DQA1*03-0X-DQB1*03:02/DR8-DQA1*04:01-DQB1*04:02

DR4-DQ8/DR8-DQ4*

DR3-DQA1*05:01-DQB1*02:01/DR3-DQA1*05:01-DQB1*02:01

DR3-DQ2/DR3-DQ2*

First degree relative with type 1 diabetes
DR4-DQA1*03:0X-DQB1*03:02/DR4-DQB1*02:0X

DR4/DR4b

DR4-DQA1*03:02/DR1-DQA1*01:01-DQB1*05:01

DR4/DR1

DR4-DQA1*03:02/DR13-DQB1*06:04

DR4/DR13

DR4-DQA1*03:0X-DQDQB1*03:02/DR9-DQA1*03:0X-DQB1*03:03

DR4/DR9

DR3-DQA1*05:01-DQB1/DR9-DQA1*03:0X-DQB1*03:03

DR3/DR9

*Associated with CD

Table 3 Enrolled study participants with eligible HLA genotypes in the TEDDY study.
Overall

U.S

Sweden

Finland

Germany

n (%)

n (%)

n (%)

n (%)

n (%)

Eligible

21,589

12,512 (58.0)

3,725 (17.3)

3,681 (17.1)

1,671 (7.7)

Enrolled

8,676 (40.2)

3,724 (29.8)

2,526 (67.8)

1,832 (49.8)

594 (35.5)

Table 4 Study protocol for TEDDY, adopted from TEDDY study group, Pediatric Diabetes, 2007 (136).
Sampling frequency at age
Blood

Every 3 month up to age 48 months, every 6 month thereafter

Stool

Monthly to age 48 months, biannually therafter

Tap water

Age 9 months, every two years from age 36 months

Toenail clippings

Age 24 months

Weight and height

Every clinic visit

Maternal pregnancy diet

First clinic visit (age 3 months)

Three-day food record

Every 3 months age 6-12 months, biannually therafter

Maternal pregnancy/birth questionnarie

First clinic visit (age 3 months)

Parent questionnaire

Age 3, 6, 15, 27 moths, annually thereafter

Child questionnaire

Annually, starting at age 48 months

Demographic/family questionnaire

Age 9 months

TEDDY book extraction*

Every clinic visit

*Including foods introduced in the diet, use of dietary supplements and medications, vaccinations, illnesses, and
symptoms etc.

Table 5 Main dietary factors of interest in the TEDDY study. Reproduced from TEDDY study group, Pediatric Diabetes,
2007 (136).
Foods

Nutrients

Other nutritional factors

Cow’s milk

Caloric intake

Nitrates, nitrites N-nitroso compounds

Cereals, wheat,gluten

Proteins

Patulin

Soy

Vitamins C, D and E

Bafilomycin

Meat

Nicotinamide (Vitamin B3)

Increased weight, andr/or heigt gain

Coffea and tea

n-3 fatty acids

Breastmilk

Zink

Cod liver oil

Carotenoids
Selenium

Figure 4 Flow chart of the study population in Paper I.

Figure 5 Flow chart of the study population in Paper II.

Figure 6 Flow chart of the study population in Paper III.

Figure 7 Flow chart of the study population in Paper IV.

Figure 8 Levels of food intake data used in the thesis, with examples on each level.

Table 6 Gluten-containing food groups in Paper II.
Original gluten-containing food groop

Food group

Bread
Soft white bread
Mainly wheat, may contain other grains

Rationale for aggregation

Rye bread
Mainly rye, may contain wheat
Soft wholemeal bread
Wheat and rye

Bread
Similar proportions of flour, and cooking
techniques applied

Crisp bread
Various grains
Crispy flatbread
Various grains

Biscuit and crackers
Similar type of grains, proportion of flour,
and cooking techniques applied

Dishes based on bread
Filled sandwiches, wraps, breakfast muffins etc.

Excluded. Varied content of flour/dough.
Appeared in <10 food records

Porridge, milk cereal drink
Porridge
Infant cereals and homemade porridge
Milk cereal drink
Follow-on formula
Pudding
Commercial wheat or rice pudding with jam
Cereals, muesli
Cereals, muesli, low/unsweetened
Mix of grains with/without gluten
Cereals, muesli, sweetened
Mix of grains with/without gluten
Commercial baby fruit cereal
Mainly fruit purée, ≤ 5 % grains (with/without
gluten)
Pancakes, waffles, crêpes
Pancakes, waffles, crêpes
Dishes with meat, sausage, poultry
Oven baked pancake with/without meat
Dishes with fish, seafood
Filled pancakes/crêpes
Dishes with vegetables
Filled pancakes/crêpes
Pizza, pie, pirogue
Pizza dough, butter dough
Filled pizza, pie, pirogue
Filling with for ex meat, fish, egg

Pasta
Pasta cooked
Cooked, fresh/dry pasta, pasta in dishes
Bakery sweet
Biscuits, cookies, crackers
Wheat-based, unsweetened/sweetened.
Buns, crusts Based on wheat
Cake, pastry, Swiss roll Based on wheat
Sponge cake Based on wheat, without filling

Gluten/portion

2 g/slice 35 g

0.9 g/piece
10 g

Porridge

0.2-0.9
g/portion 120/g

Milk cereal drink

0.4-1.5 g/bottle
200 ml

Excluded Large variation in gluten content
In <50 food records

Breakfast cereals
Different sugar content

0-2 g/portion
1 deciliter

Excluded Very low/no content of gluten

Pancakes
Pancakes
Similar amount flour as in standard
pancakes
Pancakes
Conversion factor 0.7 to account for
pancake/crêpes in the dish

1.8 g/pancake
60 g

Bread
Bread
Similar proportion of flour and cooking
techniques. Conversion factor 0.3 to
account for dough in the dish

1.9 g/slice 35 g

Pasta

0.7g/port 60 g

Biscuits and crackers
Wheat-based, similar proportions of flour
and cooking techniques applied.

0.9 g/piece
10 g

Sweet baked goods
Wheat-based, similar proportions of flour
and cooking techniques applied.

0.8g/piece 20 g

Table 7 Estimation of milk powder intake in the Swedish TEDDY food database.
Food

Milk powder in food

Conversion factor

Ingredients
Skim milk powder

Included as is

Cream powder

Included as is

Whey powder

Included as is

Milk powder

Included as is

Foods
Infant formula

0.0026 (prepared)

Instant mashed potatoes

20% in infant formula powder
2.6% in 100 ml prepared infant formula (13% powder)
25 % of milk cereal drink powder
3.8% in 100 g prepared milk cereal drink (15% powder)
25 % of powdered instant porrige
7.5 % in 100 gprepared porrigde
9 % in Brand 1
8.5 % in Brand 2
7.5 % in Brand 3
Other brands no milk powder content/no information on %
20% milk powder in powdered mashed potatoes.

Milk chocolate

20% milk powder in most milk chocolate

0.2

Ice cream

Large variation in different brands

Excluded

Sauses/condiments

Large variation in different brands

Excluded

Milk cereal drink
Porrige
Yoghurts

0.038 (prepared)
0.075 (prepared)
0.09 Brand 1
0.085 Brand 2
0.075 Brand 3
0.2 (powder)

Table 8 Food groups used to derive a posteriori dietary patterns by principal components analysis in Paper IV.
Food group

Included ingredients

Wheat

Various types of wheat (e.g., flour, flakes)

Rye and barley

Various types of rye and barley (e.g., flour, flakes)

Oats

Dry oats, oat milk converted to dry oats

Rice and GF grains

Rice (cooked, flour, milk converted to dry weight), corn (flakes, meal, polenta, popcorn),
gluten free flours and starches (e.g., millet, buckwheat, quinoa, potato flour starch, wheat
starch)
All fruits and berries (e.g., apple, banana, pear, citrus, strawberries), fresh, canned, and
dried.
All fruit, berry, and vegetable juices.

Fruits and berries
Juices

Root vegetables

All vegetables (e.g., leafy vegetables, onions, cabbages, mushrooms, fruit vegetables),
fresh, canned, and dried.
All root vegetables (e.g., sweet potato, carrot, turnip, rutabaga).

Potatoes

Including potatoes cooked with different methods (e.g., cooked, fried, chips, baked)

Legumes

Saturated fats

All legumes (e.g., beans, peas, soybeans), fresh, canned. Dried converted to fresh
(conversion factor 2). Soy milk converted to raw soybeans (conversion factor 0.2)
All nuts and seeds, included raw and roasted, spreads. Nut seed milks converted to solid
nuts.
Oils of vegetable origin (e.g., canola, olive, corn), margarine and margarine-butter
spreads with various fat content, fish oil.
Butter and animal fats (lard)

Breastmilk

Breastmilk

Infant formula

Infant formula from cow/other animal, soy, partially and fully hydrolyzed. Converted to
liquid.
All animal milk, creams with different fat content. Milk powders converted to liquids.

Vegetables

Nuts and seeds
Unsaturated fats

Milk

Cheese

All fermented dairy (e.g., sour milk, yoghurt, sour cream, crème fraiche). Powders
converted to liquids.
Fresh and aged cheese

Ice cream

All dairy ice creams

Non-dairy products

Yoghurts, ice cream, kefir etc. from non-dairy origin such as soy, rice, oats and nuts.

Meat

Meat and organ meats of various sources (e.g., pork, beef, lamb, poultry).

Processed meat
Eggs

Meat and sausages of various type and source (e.g., sausages, cold-cuts, bacon, canned
meat).
All types from various poultry. Powder converted to raw.

Fish and seafood

All types from various sources, fresh, frozen, processed, and canned.

Sweet beverages

Sugar sweetened beverages (e.g., soft drinks, fruit and berry drinks, nectar).

Lite beverages

Unsweetened, artificially sweetened, low-calorie sweetened (e.g., Stevia) drinks(e.g., soft
drink, fruit and berry drinks, nectar), coffee and tea.
Including sugar, candy, energy bars, chocolate, sugar, syrup, honey, jams, and jellies.

Fermented milk

Sugar,
confectionary

Figure 9 Directed acyclic diagram (148) illustrating the proposed causal pathways for the investigated dietary
exposures and studied outcomes of CDA as well as CD. Blue denotes the study outcomes, green are the investigated
exposures, while red are confounders.

Table 9 Diagnosis of CD by method and country in TEDDY as of 30th November 2020.

Biopsy-proven, n (%)
High levels of tTGA
Total

TEDDY

US

Sweden

Finland

Germany

480 (90.9)

136 (76.4)

239 (98.8)

88 (98.9)

17 (85.0)

49 (9.1)

42 (23.6)

3 (1.2)

1 (0.1)

3 (15.0)

529

178

242

89

20

T1D, n (%)

2915 (53.8)

17.7 (12.9)
1042 (20.1)

1655 (24.6)

3712 (55.2)

2647 (43.8)
17.9 (12.9)
1225 (19)

Higher education, n (%)

Mothers first child, n (%)

Age starting daycare, month
(SD)
Parental smoking*, n (%)
183 (14.5)

18.5 (12.9)

576 (44.4)

795 (61.3)

287 (22.1)

198 (15.3)

148 (11.4)

155 (12.0)

CDA
(n=1,296, 19.3%)

16.1 (16.6)
345 (13.5)

72 (13.9)

1106 (41.0)

1629 (60.4)

652 (24.2)

373 (13.8)

328 (12.2)

92 (3.4)

US
(n=2,697)

17.8 (12.0)

234 (44.2)

330 (62.4)

97 (18.3)

95 (18.0)

57 (10.8)

94 (17.8)

CD
(n=529, 7.9%)

*At child’s age nine months.
All numbers may not round up to 100% because of rounding or missing information in some categories.

2362 (43.6)

1363 (25.2)

1239 (18.4)

Trade school, n (%)

1039 (19.2)

650 (12.0)

173 (3.2)

Free of CDA
(n=5,419, 80.6%)

Primary education, n (%)

Maternal education level

Sociodemographic

329 (4.9)
800 (11.6)

CD, n (%)

Family history

TEDDY
(n=6,726)

320 (15.6)

16.5 (5.1)

973 (46.5)

1036 (49.5)

344 (16.4)

688 (32.9)

166 (7.9)

133 (6.4)

Sweden
(n=2,094)

447 (30.6)

22.2 (12.6)

672 (44.0)

895 (58.5)

459 (30.0)

140 (9.2)

140 (9.2)

99 (6.5)

Finland
(n=1,529)

113 (29.5)

19.6 (11.0)

196 (48.3)

152 (37.4)

200 (49.3)

38 (9.4)

166 (40.9)

5 (1.2)

Germany
(n=406)

Table 10 Demographics of children particpating in TEDDY by study outcome and country as of 30th November 2020. All children had been screened for tTGA at least once and
with at least one food record up to age 60 months.

Table 12 Missing food records per clinic visit in TEDDY by study outcome and country. “Missing” is defined as an
expected food record not collected in a child who attended a clinic visit.
Missing food records, %
Age, months

Cohort

Free of CDA

CDA

CD

US

Sweden

Finland

Germany

6

4.4

4.7

2.9

2.3

5.8

3.1

3.1

6.7

12

8.9

9.4

6.9

7.5

9.5

6.1

9.2

18.8

24

16.9

18.1

12.1

17.3

15.9

12.3

20.2

36.6

36

20.0

20.8

17.0

24.5

17.3

14.2

26.0

41.5

48

27.6

28.6

24.3

27.0

24.5

22.4

34.9

49.0

60

28.4

30.1

22.8

30.5

25.4

21.8

38.8

46.5

Table 13 Estimated proportion of misreporting of energy intake at age 12 and 24 months in TEDDY and by country.
Misreporting was estimated using the method suggested by Gomes et al (147).
Age 12 months

Age 24 months

Underreporters

Overreporters

Plausible
reporters

Underreporters

Overreporters

Plausible
reporters

TEDDY %

16.3

8.5

75.2

9.1

13.0

77.9

US, %

15.0

13.3

71.7

8.0

21.2

70.9

Sweden, %

18.3

5.8

75.9

11.5

6.5

82.0

Finland, %

12.9

5.5

81.6

6.1

9.9

84.0

Germany, %

28.2

2.0

69.9

17.0

4.8

78.3

6.0
(5.0, 7.0)

Gluten, median
(Q1, Q3)

6.0
(5.0, 7.0)

6.0
(5.0, 7.0)

4.0 (1.3)

8.3
(5.0, 12.3)

862 (66.5)

1,271 (98.1)

CDA
(n=1296, 19.3%)

All numbers may not round up to 100% because of rounding or missing information.

4.0 (1.3)

Solids (any), mean (SD)

4.0 (1.3)

7.7
(3.2, 12.0)

8.0
(3.7, 12.0)

Age (months) introduced to

3,222 (59.5)

4,092 (60.8)

Breastfed at gluten introduction,
n (%)
Breastfeeding to age (months),
median (Q1, Q3)

5,267 (97.2)

6,571 (97.7)

Ever breastfed, n (%)

Breastfeeding

Table 11 Infant dietary factors by study outcome and country.
TEDDY
Free of CDA
(n=6726)
(n=5419, 80.6%)

6.0
(4.9, 7.0)

3.9 (1.2)

8.1
(5.0, 12.0)

368 (69.6)

518 (97.9)

CD
(n=529, 7.9%)

7.0
(6.0, 8.0)

3.9 (1.5)

8.0
(2.8, 13.0)

1,402 (52.0)

2,554 (94.7)

US
(n=2697)

5.0
(4.0, 5.5)

3.9 (0.8)

7.3
(4.0, 10.0)

1,454 (69.4)

2,075 (99.1)

Sweden
(n=2094)

6.0
(5.5, 7.0)

3.8 (1.4)

8.9
(4.9, 12.4)

1,033 (67.6)

1529 (100)

Finland
(n=1529)

7.0
(6.0, 8.5)

5.0 (1.3)

7.7
(3.0, 11.1)

203 (50.0)

390 (96.1)

Germany
(n=406)

Figure 10 Mean energy intake estimated by three-day food records in TEDDY children by country age to 60 months.

Table 14 Proportion of consumers (intake >0g/day) of different grains by country and age in TEDDY.
US
Age (months)

Sweden

Finland

Germany

6

9

12

6

9

12

6

9

12

6

9

12

Wheat, %

20.2

81.7

97.5

72.0

98.8

99.8

43.2

86.4

95.3

41.4

78.6

94.6

Rye, %

1.3

4.5

4.7

6.3

46.8

84.4

28.0

61.0

81.2

8.2

36.2

73.2

Barley, %

4.4

18.9

22.6

0.0

1.9

2.0

25.6

50.6

57.2

4.8

18.1

24.5

Oats, %

37.6

85.4

85.9

68.2

95.6

96.1

67.5

92.5

94.1

27.1

55.0

61.8

Rice, %

65.5

82.1

73.7

83.1

95.6

93.9

50.7

74.8

78.1

69.5

92.6

61.8

Corn, %

5.3

25.7

51.8

52.6

68.4

65.4

24.7

40.6

44.0

0.0

0.7

1.7

Other GF grains, %

11.5

66.0

85.8

30.7

30.6

24.8

88.3

97.8

98.2

55.7

91.0

88.3

Grain

Figure 11 Mean daily intake of total amount of grains, wheat, oats and rice assessed by three-day food records by country. Reported only in consumers (intake >0 g/day).

Table 15 Estimates from mixed effects model and related 95% confidence intervals for change in daily intake of grains
from age six to 60 months by country. Socioeconomic factors were included as interaction covariates. Children with
CDA or CD at the visit were excluded to minimize the effect of possible dietary changes.
Change g/day (95% CI),
p-value
US

Sweden

Finland

Germany

Breastfeeding duration,
per month

54.5 (ref)
(53.8, 55.3)
+7.3 (7.2, 7.4),
<0.001
-11.0 (-17.6, -4.3),
0.001
+3.6 (1.6, 5.7),
0.001
+7.7 (6.6, 8.8),
<0.001
-1.2 (-3.1, 0.6),
0.192
+0.1 (0.0, 0.2),
0.003

+55.2 (48.9, 61.5),
<0.001
+6.2 (6.0, 6.4),
<0.001
-2.5 (-7.3, 2.3),
0.311
+2.5 (1.0, 6.3),
0.001
+0.6 (-0.5, 1.8),
0.259
+3.0 (0.6, 5.4),
0.013
-0.2 (-0.3, -0.1),
0.001

Age at gluten
introduction, per month

-0.1 (-0.4, 0.3),
0.690

-0.1 (-0.8, 0.6),
0.741

+22.1 (15.3, 29.9),
<0.001
+7.0 (6.8, 7.2),
<0.001
+0.0 (-4.4, 4.5),
0.990
+2.7 (-0.5, 5.9),
0.102
+4.2 (2.8, 5.5),
<0.001
-1.5 (-4.3, 1.3),
0.308
+0.2 (0.0, 0.4),
0.016
+0.5 (0.0, 1.0),
0.036

+12.6 (-0.8, 26.0),
0.066
+7.3 (6.8, 7.9),
<0.001
-9.7 (-26.7, 7.4),
0.266
+0.0 (-6.3, 6.3),
0.990
+7.9 (4.9, 10.9),
<0.001
+0.9 (-4.3, 6.0),
0.737
-0.1 (-0.4, 0.2),
0.565
-0.4 (-1.3, 0.4),
0.334

Intake over time
Per 100 kcal/day
Having a family
member with CD
Higher maternal
educational level
Child is in daycare
Crowding*, per person

*crowding is calculated as number of househod members divided by number of rooms in the house.

Table 16 Amount of protein and gluten in wheat, rye and barley in the national food databases in the TEDDY countries..
Gluten content was estimated by applying a conversion factor of 0.8 x protein intake from each respective grain.
Grain
National food database
Protein/100 g
Calculated gluten/100g
Wheat

Rye

Barley

US

11.0

8.8

Sweden

11.0

8.8

Finland

10.5

8.4

Germany

11.5

9.2

US

10.6

8.5

Sweden

9.2

7.4

Finland

9.3

7.4

Germany

8.5

6.8

US

10.2

8.2

Sweden

10.0

8.0

Finland

8.25

6.6

Germany

10.6

8.5

10

United States
Sweden
Finland
Germany

g/day

8
6
4
2
0

6

12

24

36

48

60

Clinic visit, months
Figure 12 Daily gluten intake in consumers in TEDDY (intake >0g) by country and age. Children with CDA or CD at the
visit were excluded.

Figure 13 Intake of gluten-containing food groups in Swedish children in relation to the total daily intake of glutencontaining foods.

ρ

ρ
ρ

Table 17 Spearmans correlation between daily intakes of gluten-containing food groups and total daily gluten intake at
age 6 to 24 months in Swedish TEDDY children. Only consumers (intake >0g/day) of each food group were considered,
and children with CDA or CD at the visit were excluded.
Correlation with total gluten intake, ρ (p-value)
Age in months

6

9

12

18

24

Porrigde

0.514 (<0.001)

0.269 (<0.001)

0.053 (0.037)

-0.008 (0.813)

-0.043 (0.325)

Milk cereal drink

0.170 (<0.001)

-0.133 (<0.001)

0.086 (<0.001)

0.071 (0.011)

0.098 (0.002)

Bread

0.444 (<0.001)

0.451 (<0.001)

0.439 (<0.001)

0.316 (<0.001)

0.339 (<0.001)

Pasta

0.723 (<0.001)

0.671 (<0.001)

0.549 (<0.001)

0.643 (<0.001)

0.630 (<0.001)

Biscuit and crackers

0.179 (0.003)

0.119 (<0.001)

0.142 (<0.001)

0.090 (<0.001)

0.112 (<0.001)

Pancakes

0.224 (0.527)

0.393 (<0.001)

0.198 (0.004)

0.196 (<0.001)

0.155 (0.004)

Sweet baked goods

0.419 (0.058)

0.174 (0.025)

0.157 (<0.001)

0.222 (<0.001)

0.134 (<0.001)

n.a.

0.261 (0.130)

0.206 (0.003)

0.124 (0.002)

0.058 (0.109)

Food group

Breakfast cereals

Table 18 Estimated HR and their related 95% CI of the association between intake of gluten-containing foods and either
time to CDA or to CD in Swedish children. Depending on the percent of consumers (having an intake >0 g/day) at each
age, intake variables were modelled as binary (if <50% consumers; no intake, intake), categorical (if >50% consumers;
no intake (reference), <median intake, >median intake) and continuous variables (if >75% consumers). Included
covariates in the analyses were HLA risk group, sex, having a parent or sibling with CD, and energy as well as total
gluten intake assessed by the respective food record. Statistically significant p-values are highlighted.
Age 6 months
Food group
Porridge

Milk cereal drink
Bread
Biscuits and crackers

Intake modelled
No intake
≤118 g/day
>118 g/day
Per 120 g (portion)
Yes (no reference)
Yes (no reference)
Yes (no reference)

CDA
HR (95% CI)
1
1.28 (0.96, 1.69)
1.28 (0.95, 1.72)
1.04 (0.91, 1.20)
1.11 (0.91, 1.35)
1.01 (0.75, 1.38)
0.91 (0.69, 1.21)

p-value
0.089
0.102
0.561
0.320
0.927
0.527

Celiac disease
HR (95% CI)
1
1.07 (0.72, 1.58)
1.31 (0.87, 1.97)
1.16 (0.96, 1.40)
1.25 (0.95, 1.64)
1.23 (0.82 1.85)
1.20 (0.84, 1.74)

p-value
0.737
0.198
0.118
0.117
0.316
0.320

Age 9 months
Porridge

Milk cereal drink

Bread

Pasta
Biscuits and crackers

No intake
≤158 g/day
>158 g/day
Per 120 g (portion)
Ref no intake
<400 g/day
>400 g/day
No intake
≤10.7 g/day
>10.7 g/day
Yes (no reference)
Yes (no reference)

1
1.53 (1.05, 2.23)
1.41 (0.95, 2.09)
0.96 (0.85, 1.08)
1
0.93 (0.74, 1.18)
0.98 (0.78, 1.25)
1
1.16 (0.93, 1.45)
1.10 (0.86, 1.41)
1.01 (0.80, 1.27)
1.09 (0.90, 1.31)

0.026
0.088
0.521
0.574
0.889
0.196
0.445
0.382
0.958

1
1.51 (0.87, 2.62)
1.38 (0.78, 2.46)
0.94 (0.79, 1.11)
1
1.00 (0.71, 1.41)
1.10 (0.77, 1.56)
1
1.22 (0.89, 1.66)
0.91 (0.63, 1.30)
0.89 (0.63, 1.26)
1.25 (0.96, 1.63)

0.144
0.270
0.467
0.989
0.604
0.217
0.585
0.502
0.093

Age 12 months
Porridge

Milk cereal drink

Bread

Pasta
Biscuits and crackers

Sweet baked goods
Pancakes
Breakfast cereals

No intake
≤133 g/day
>133 g/day
Per 120 g (portion)
No intake
≤410 g/day
>410 g/day
Per 200 ml (bottle)
No intake
≤18.3 g/day
>18.3 g/day
Per 10 g
Yes (no reference)
No intake
≤3.0 g/day
>3.0 g/day
Yes (no reference)
Yes (no reference)
Yes (no reference)

1
1.19 (0.93, 1.53)
0.97 (0.75, 1.27)
0.94 (0.83, 1.06)
1
0.96 (0.74, 1.23)
1.04 (0.80, 1.35)
1.02 (0.93, 1.11)
1
1.24 (0.91, 1.70)
1.47 (1.05, 2.05)
1.04 (0.98, 1.10)
0.91 (0.74, 1.12)
1
1.18 (0.95, 1.47)
1.10 (0.88, 1.39)
1.16 (0.94, 1.43)
0.90 (0.67, 1.22)
0.86 (0.63, 1.18)

0.174
0.843
0.320
0.726
0.770
0.736
0.176
0.023
0.205
0.379
0.144
0.404
0.172
0.500
0.354

1
1.26 (0.89, 1.80)
1.07 (0.73, 1.56)
0.94 (0.79, 1.13)
1
1.01 (0.70, 1.47)
1.19 (0.81, 1.73)
1.04 (0.91, 1.18)
1
1.21 (0.76, 1.94)
1.79 (1.10, 2.91)
1.07 (0.98, 1.16)
1.24 (0.93, 1.66)
1
1.04 (0.76, 1.42)
1.00 (0.72, 1.39)
0.97 (0.72, 1.32)
0.96 (0.64, 1.46)
0.89 (0.57, 1.38)

0.198
0.739
0.500
0.940
0.372
0.558
0.427
0.019
0.131
0.137
0.798
0.993
0.863
0.858
0.595

Age 18 months
Food group
Porridge
Milk cereal drink

Bread

Pasta

Biscuits and crackers

Sweet baked goods
Pancakes
Breakfast cereals

Intake modelled
Yes (no reference)
No intake
≤383 g/day
>383 g/day
Per 200 ml (bottle)
No intake
≤26.0 g/day
>26.0 g/day
Per 10g
No intake
≤23.0 g/day
>23.0 g/day
No intake
≤5.0 g/day
>5.0 g/day
Yes (no reference)
Yes (no reference)
Yes (no reference)

CDA
HR (95% CI)
0.92 (0.75, 1.12)
1
0.97 (0.75, 1.25)
0.99 (0.75, 1.29)
1.03 (0.93, 1.14)
1
1.20 (0.74, 1.95)
1.18 (0.72, 1.94)
1.01 (0.96, 1.07)
1
1.18 (0.93, 1.51)
0.98 (0.73, 1.33)
1
0.95 (0.75, 1.20)
0.96 (0.75, 1.23)
1.04 (0.85, 1.28)
0.93 (0.73, 1.19)
0.88 (0.71, 1.08)

p-value
0.394
0.819
0.922
0.606
0.468
0.520
0.648
0.182
0.914
0.662
0.747
0.717
0.548
0.205

Celiac disease
HR (95% CI)
0.91 (0.68, 1.20)
1
1.14 (0.78, 1.67)
1.40 (0.95, 2.06)
1.16 (1.00, 1.33)
1
1.27 (0.64, 2.53)
1.19 (0.59, 2.40)
1.03 (0.95, 1.11)
1
0.94 (0.67, 1.31)
0.76 (0.51, 1.15)
1
1.01 (0.73, 1.41)
1.11 (0.80, 1.56)
0.98 (0.74, 1.30)
1.06 (0.77, 1.47)
0.89 (0.67, 1.18)

p-value
0.485
0.511
0.092
0.047
0.492
0.633
0.458
0.717
0.199
0.954
0.527
0.881
0.722
0.414

Age 24 months
Porridge
Milk cereal drink

Bread

Pasta

Biscuits and crackers

Sweet baked goods
Pancakes
Breakfast cereals

Yes (no reference)
No intake
≤360 g/day
>360 g/day
No intake
≤30.3 g/day
>30.3 g/day
Per 10g
No intake
≤25.0 g/day
>25.0 g/day
No intake
≤6.0 g/day
>6.0 g/day
Yes (no reference)
Yes (no reference)
Yes (no reference)

1.13 (0.90, 1.43)
1
0.82 (0.63, 1.08)
0.81 (0.60, 1.09)
1
1.14 (0.58, 2.24)
1.28 (0.64, 2.54)
1.04 (0.98, 1.10)
1
0.85 (0.64, 1.13)
0.81 (0.55, 1.17)
1
1.27 (0.96, 1.68)
1.23 (0.93, 1.64)
1.09 (0.87, 1.36)
1.13 (0.87, 1.48)
0.85 (0.68, 1.06)

0.301
0.159
0.168
0.712
0.487
0.204
0.269
0.260
0.101
0.153
0.473
0.356
0.154

1.13 (0.84, 1.51)
1
1.15 (0.81, 1.63)
1.35 (0.93, 1.96)
1
1.67 (0.67, 4.14)
1.91 (0.76, 4.80)
1.05 (0.97, 1.13)
1
0.93 (0.64, 1.34)
1.38 (0.86, 2.21)
1
1.12 (0.79, 1.59)
1.13 (0.79, 1.61)
1.10 (0.83, 1.46)
1.09 (0.77, 1.53)
1.01 (0.76, 1.34)

0.412
0.437
0.119
0.268
0.170
0.210
0.691
0.184
0.517
0.501
0.516
0.644
0.967

Figure 14 Kaplan-Meier plot stratified by tertiles of milk powder intake (Low <9.7 g/day, medium 9.7-23.2 g/day, high
>23.2 g/day) and CD in Swedish TEDDY participants.

Variance explained is reported for each pattern (%).

Figures 15-18 Spider chart representing dietary patterns from Principal Components Analysis (PCA) on intakes of 27 food groups at age nine to 24 months.

Figures 19-21 Proportion of children adhering to simplified dietary patterns by country and age. Adherence to the
patterns is reported in quartiles (Q) by country at age nine to 24 months. Q1 representing low similarity with the pattern
and Q4 high similarity.
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