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SUPPLEMENTARY METHODS

Assessment of gluten intake 

Semi-quantitative, age-modified food frequency questionnaires (FFQ) were annually to semi-annually administered to the parents starting at child’s age two years. Questionnaires covered the average consumption frequency of common food items over the past year. The FFQs covered breakfast, lunch/dinner and in-between meals. For each food item one portion was described through predefined household measures (e.g., cups, table spoons) or standard portion sizes (e.g. a slice of bread). Alternatives of consumption frequency were listed. By design of the FFQs the same serving sizes were assigned to all children younger respective older than ten years of age. More information on the used questionnaires can be assessed at https://regepi.bwh.harvard.edu/health/. 


Food composition tables provide no information on gluten content in food items. We therefore derived the quantity of gluten based on the protein content from wheat, barley or rye as defined either by standardized food recipes from the United States Department of Agriculture (USDA)1 and popular online U.S. recipe tools accessed in June, 2017, or of previous research.


2, 3 ADDIN EN.CITE  For selected food items the gluten content was derived from the average amount of gluten-containing cereals of multiple recipes. The USDA Food Composition Database, version 3.7.1,4 was used as a source for the protein content of ingredients in dishes, e.g. flour types, wheat germ and pastas. We did not have access to year-specific recipes or nutritional tables. We used a conversion factor of 0.75 to calculate the protein content that comprised of gluten.


5, 6 ADDIN EN.CITE  As in previous research,


7, 8 ADDIN EN.CITE  the same conversion factor was used for wheat, barely and rye. To avoid overestimation in gluten intake we, when possible, compared the derived gluten amount per food item against the amount of vegetable protein detailed in official food composition tables. We did not consider trace amounts of gluten from condiments,.9 gluten cross-contamination during production, packing or handling or from sources other than foods;10 the contribution of these sources to the total amount of gluten intake would be negligible.


9, 10 ADDIN EN.CITE 
To reduce the impact of erroneously registered data, FFQ records with an unrealistically high gluten intake (>35 grams/day) were classified as missing. This cut-off was related to the gluten intake data distribution of our cohort, published gluten intake data from an U.S. population surveyed using the adult version of our FFQ,


5 ADDIN EN.CITE  and to the relative scarce pediatric data in this field.


2 ADDIN EN.CITE 
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SUPPLEMENTARY TABLES

Supplementary Table 1. Incidence of celiac disease autoimmunity (CDA) by human leukocyte antigen (HLA) genotype. 

	Age (years)
	HLA genotype
	Incidence (95% CI) of CDA 

per 1000 person-years

	0-5
	DQ2/DQ2
	117  (70-193)

	
	DQ2/DQ8
	62  (40-96)

	
	DQ2/X
	101  (65-159)

	
	DQ8/DQ8
	34  (13-91)

	
	DQ8/X
	17  (8-38)

	
	X/X
	19  (5-75)

	0-10
	DQ2/DQ2
	71  (47-107)

	
	DQ2/DQ8
	50  (38-67)

	
	DQ2/X
	51  (36-71)

	
	DQ8/DQ8
	33  (19-57)

	
	DQ8/X
	16  (10-26)

	
	X/X
	10  (4-26)  

	0-15
	DQ2/DQ2
	38  (26-56)

	
	DQ2/DQ8
	23  (17-30)

	
	DQ2/X
	27  (20-37)

	
	DQ8/DQ8
	16  (9-26)

	
	DQ8/X
	7  (4-10)

	
	X/X
	3  (1-7)

	All ages
	DQ2/DQ2
	20  (14-29)

	
	DQ2/DQ8
	11  (8-15)

	
	DQ2/X
	12  (9-16)

	
	DQ8/DQ8
	8  (5-12)

	
	DQ8/X
	3  (2-5)

	
	X/X
	1  (0.4-3)


CI, confidence interval

Supplementary Table 2. Incidence of celiac disease (CD) by human leukocyte antigen (HLA) genotype. 

	Age (years)
	HLA genotype
	Incidence (95% CI) of CD 

per 1000 person-years

	0-5
	DQ2/DQ2
	84  (44-161)

	
	DQ2/DQ8
	47  (28-79)

	
	DQ2/X
	70  (39-126)

	
	DQ8/DQ8
	18  (5-73)

	
	DQ8/X
	6  (2-24)

	
	X/X
	10  (1-69)

	0-10
	DQ2/DQ2
	49  (29-83)

	
	DQ2/DQ8
	35  (25-51)

	
	DQ2/X
	32  (20-50)

	
	DQ8/DQ8
	14  (6-35)

	
	DQ8/X
	5  (2-12)

	
	X/X
	5  (1-20)

	0-15
	DQ2/DQ2
	25  (15-40)

	
	DQ2/DQ8
	14  (10-21)

	
	DQ2/X
	16  (11-24)

	
	DQ8/DQ8
	5  (2-13)

	
	DQ8/X
	2  (1-4)

	
	X/X
	1  (0.3-5)

	All ages
	DQ2/DQ2
	11  (7-19)

	
	DQ2/DQ8
	6  (4-9)

	
	DQ2/X
	7  (5-11)

	
	DQ8/DQ8
	3  (1-6)

	
	DQ8/X
	0.8  (0.4-2)

	
	X/X
	0.5  (0.1-2)


CI, confidence interval

Supplementary Table 3. Joint modeling of the association of gluten intake through childhood and celiac disease autoimmunity or celiac disease.  
	
	Adjusted model 
	Unadjusted model

	
	aHR
	95% CI
	P-value
	HR
	95% CI
	P-value

	Celiac disease autoimmunity
	
	
	
	
	
	

	Cumulative intake 
	1.00
	1.00-1.01
	0.11
	1.00
	1.00-1.01
	0.34

	Current-value
	1.00 
	0.97-1.04
	0.92
	0.99
	0.94-1.04
	0.70

	Celiac disease
	
	
	
	
	
	

	Cumulative intake 
	1.01
	1.00-1.01
	0.04
	1.01
	1.00-1.02
	0.07

	Current-value
	0.99
	0.95-1.05
	0.81
	0.99
	0.93-1.06
	0.85


Associations per 1 gram increase in gluten intake. The cumulative association structure allows estimation of the association between the tendency (high vs. low random subject effect) in gluten intake over time and the subsequent risk for developing celiac disease (CD) or CD autoimmunity (CDA). The current-value association structure estimates the risk of CDA and CD at time t related to the gluten intake at that time. Adjusted joint models included covariates of the child’s sex, family history of CD, parent-reported race-ethnicity, maternal age at the time of delivery, human leukocyte antigen genotype, breastfeeding duration, timing of infant gluten introduction, as well as, in the longitudinal submodel, total energy intake, timing of islet autoimmunity and survey type as time-varying covariates. 

95% CI, 95% confidence interval; aHR; adjusted hazard ratio; hazard ratio, HR
Supplementary Table 4. Sensitivity analysis restricted to participants who persistently were on a gluten-containing diet. Joint modeling of the association of gluten intake through childhood and celiac disease autoimmunity or celiac disease. 
	
	Adjusted model 

	
	aHR
	95% CI
	P-value

	Celiac disease autoimmunity
	
	
	

	Cumulative intake 
	1.00
	1.00-1.01
	0.08

	Current-value
	1.01 
	0.97-1.05
	0.68

	Celiac disease
	
	
	

	Cumulative intake 
	1.01
	1.00-1.01
	0.05

	Current-value
	1.00
	0.95-1.06
	0.88


Associations per 1 gram increase in gluten intake. The cumulative association structure allows estimation of the association between the tendency (high vs. low random subject effect) in gluten intake over time and the subsequent risk for developing celiac disease (CD) or CD autoimmunity (CDA). The current-value association structure estimates the risk of CDA and CD at time t related to the gluten intake at that time. Adjusted joint models included covariates of the child’s sex, family history of CD, parent-reported race-ethnicity, maternal age at the time of delivery, human leukocyte antigen genotype, breastfeeding duration, timing of infant gluten introduction, as well as, in the longitudinal submodel, total energy intake, timing of islet autoimmunity and survey type as time-varying covariates. 

95% CI, 95% confidence interval; aHR; adjusted hazard ratio
Supplementary Table 5. Sensitivity analysis restricted to participants who persistently were on a gluten-containing diet. Adjusted hazard ratios for celiac disease autoimmunity and celiac disease according to gluten intake between one and two years of age. 

	
	Celiac disease autoimmunity
	Celiac disease

	
	aHR
	95% CI
	P-value
	aHR
	95% CI
	P-value

	Tertile of gluten intake
	
	
	
	
	
	

	1st tertile (lowest)
	Reference
	Reference

	2nd tertile 
	2.07
	1.20-3.55
	0.01
	2.24
	1.06-4.76
	0.04

	3st tertile (highest)
	2.24
	1.18-4.27
	0.01
	2.31
	0.95-5.63
	0.06

	Per 1 gram
	1.04
	0.99-1.09
	0.11
	1.03
	0.96-1.10
	0.41


The adjusted model accounts for child’s sex, family history of celiac disease, parent-reported race-ethnicity, maternal age at the time of delivery, human leukocyte antigen genotype, breastfeeding duration, timing of infant gluten introduction, total energy intake and the timing of islet autoimmunity.

95% CI, 95% confidence interval; aHR; adjusted hazard ratio

SUPPLEMENTARY FIGURE LEGENDS

Supplementary Figure 1. Simplified study design of the Diabetes Autoimmunity Study of the Young (DAISY) cohort. 

Blue arrow denotes enrollees of general-population newborns with celiac disease (CD)-susceptible human leukocyte antigen (HLA) genotypes. The red arrow denotes participants selected among unaffected siblings and offspring to type 1 diabetes patients with enrollment through early childhood. Both samples were followed through parental questionnaires (denoted “Q”) and tissue transglutaminase antibody (“tTGA”) testing.
Supplementary Figure 2. Distribution of overall gluten intake level through follow-up among participants with and without celiac disease autoimmunity (CDA).  

Gluten intake level displayed with histograms (gray colored bars) with vertical tics (red) to indicate median intake level. Y-axes describe the relative likelihood for a given value.
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