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Abstract. 
Type 1 diabetes (T1D) is one of the most common chronic diseases with childhood onset, and the disease has increased two- to fivefold over the past half century by as yet unknown means. T1D occurs when the body’s immune system turns against itself so that, in a very specific and targeted way, it destroys the pancreatic β-cells. T1D results from poorly defined interactions between susceptibility genes and environmental determinants. In contrast to the rapid progress in finding T1D genes, identification and confirmation of environmental determinants remain a formidable challenge. This review article will focus on factors which have to be evaluated and decision to take before starting a new prospective cohort study. Considering all the large ongoing prospective studies, new and more conclusive data than that obtained so far should instead come from international collaboration on the ongoing cohort studies.
 


1. Introduction
Type 1 diabetes (T1D) is one of the most common chronic diseases with childhood onset, and the disease has increased two- to fivefold over the past half century by as yet unknown means [1, 2]. It was interpreted that if present trend continues, the prevalence of children with the disease in Europe will increase with 50% within year 2020 and with 70% for those less than 5 years of age [3]. Most recently Europe was compared for the periods 1989–1998 and 1999–2008, and it was shown that the increase in T1D is not necessary uniform, showing periods of less rapid and more rapid increase in incidence for different countries [4]. This pattern of change suggests that important risk exposure differs over time in different European countries.
T1D occurs when the body’s immune system turns against itself so that, in a very specific and targeted way, it destroys the pancreatic islet β-cells, the only cells in the body that produce the vital hormone insulin [5, 6]. This autoimmune destruction is irreversible and the disease is incurable. If pancreas or islets are transplanted they too are destroyed, unless heavy immunosuppression is applied [7].
T1D results from poorly defined interactions between susceptibility genes and environmental determinants. T1D susceptibility is primary defined by genetic factors within the human leukocyte antigen (HLA) on chromosome 6. The main disease factors are the HLA-DQ molecule encoded by DQA1 and DQB1 genes and the HLA-DR molecule defined by DRB1 alleles [8–12]. In addition, recent genome-wide association studies have identified more than 40 other intervals that may harbour T1D susceptibility genes [13].
In contrast to the rapid progress in finding T1D genes, identification and confirmation of environmental determinants remain a formidable challenge [14]. The reason underlying the lack of progress is multifaceted. First, different categories and large numbers of environmental determinants could contribute to the triggering or protection of T1D [15–38]. Although many candidates have been suggested in the past, few have been definitively proven beyond reasonable doubt. Second, exposures may occur any time before the onset of disease, from in utero to T1D onset [39–43]. Third, environmental determinants may differ in different populations, partly depending on the genetic architecture. Fourth, the individual risk of developing T1D in the general population is not very high and quite variable in different populations. Therefore, large study populations with elevated T1D risk must be identified.
Islet autoantibodies precede the development of T1D and can appear throughout childhood [44]. In prospective studies of offspring of parents with T1D, a peak incidence of islet autoantibodies appearance at around 1 year of age has been observed, followed by a decline through 2–5 years and a subsequent rise in incidence towards puberty [45]. Children with increased HLA-associated risk for T1D followed up from the general population get positive for autoantibodies at all ages. Early seroconversion occurs in children who progress fast to T1D [46]. It has been observed that, in children who progress to T1D during a follow-up of 13 years, 64% became autoantibody positive before the age of 2 years and 82% before the age of 3 years [46]. Early antibody positivity frequently starts with insulin autoantibodies (IAA) followed by glutamic acid decarboxylase antibodies (GADA). Usually insulinoma-associated protein 2 (IA-2) and zinc transporter 8 (ZnT8) antibodies develop closer to onset of T1D [45].
Identification of environmental determinants requires frequent follow-up for autoantibody testing and a large number of individuals from early in life until disease onset for studying a variety of exposures using epidemiological and laboratory methodologies. To accomplish such ambitious goals, long-term prospective studies on cohorts of children at increased risk of developing the disease are necessary. To design the study as good as possible is of most importance to achieve the identification of important environmental factor before recruitment starts. The MIDIA study will be used for the discussion of my own and my group experiences.
2. The MIDIA Study
2.1. Which HLA Class II Genes to Type for?
Based on the hypothesis that it should be most easy to identify the environmental trigger(s) among children with the highest genetic risk and that this limited number of children for follow-up would make it possible to recruit all over Norway with a centralized laboratory and working staff in Oslo, the decision for how to recruit and run the MIDIA (Norwegian abbreviation for Environmental trigger(s) of type 1 diabetes) study was taken. It is approximately 60,000 births in Norway per year, and only 2.2% of all babies carry the highest genetic risk for T1D (e.g., the HLA-DR3-DQ2/DR4-8 (DRB103-DQA105-DQB102/DRB104:01-DQA103-DQBI03:02/03:04) genotype).
2.2. Follow-Up in MIDIA
The aim of MIDIA was to genotype 100,000 babies to achieve 2000 children for follow-up for 15 years. Such babies have 7% risk for getting T1D before 15 years of age and a life long risk at 20%, compared to 0.4% risk before 15 years of age and lifelong at 1% for newborns of the general population. A special MIDIA computer program was made before the start of recruitment and covered recruitment (reports were made and sent out twice per year for the status of the 638 communities and 19 counties in Norway); and a certain incoming sample had a well-defined place in the laboratory tracking system. In addition the MIDIA program could analyze real-time PCR results and conclude for a certain HLA gene. One list showed letters to parents not having a child at the highest risk for T1D, and another list showed other parents that should be called because the genotyping had shown that they had a child with the highest genetic risk. Such children did also come on lists for getting a second call (how the families were dealing with the high-risk information, and if they had more questions). The program was and is still responsible for follow-up of high-risk children. The time point for sending out all follow-up packages, the content for a certain package, and the time for sending it out are told. The program also follows data for autoantistoff positivity, and with positivity for one autoantibody it is told by the program to send out a package 6 months after the incoming result and for two or three autoantibodies to send out a new package for blood drawing after 3 months; see Table 1.
Table 1: HLA typing and time points for follow-up with blood samples in MIDIA.
	

	(a) Eligible HLA  type 	DRB1*03-DQA1*05-DQB1*02/DRB1*0401-DQA1*03-DQB1*0302 
	

	(b) Time points for blood samples	3, 6, 9, and 12 months, thereafter annually
If positivity for one autoantibody, a new blood sample after 6 months. If positivity for two or three autoantibodies, a new samples after 3 months 
	

	(c) Questionnaires	Collected at 3, 6, 9, and 12 months and thereafter annually
	

	(d) Stool samples	Collected each month from 3 months to 3 years of age 
	



With the aim of performing HLA class II typing to identify the highest risk genotype—DQB104:01-DQB103:02/04/DR3-DQA105-DQB102—as easy and robust as possible, it was decided to use a four-step strategy [47]. Albumin with monomorphic primers was used in the polymerase chain reaction (PCR) to show if a sample contained enough DNA to be genotyped successfully. Sequence-specific reactions for all samples were performed for DQA103 and -05. When both DQA105 and DQA103 were identified for a certain sample, the next step was DQB1 sequence-specific typing. The identification of DQB103:02/04 and DQB102 brought the sample to the third step in the typing protocol. DRB14 subtyping was performed for all samples positive for the DQA103-DQB103:02/04 haplotype. All different DR4 subtypes were positively identified, but only the DRB104:01 gene is in Norwegian conferring the highest risk [11, 12]. All samples found positive for the highest risk genotype (DRB104:01-DQA103-DQB103:02/4/DRB103-DQA105-DQB102) went to a confirmatory step (e.g., step 4) through all 3 steps in the typing protocol once more together with the most recent incoming DNA samples for typing. This strategy of confirmation detected only two errors during the genotyping in MIDIA (2001–2007). The parents of the babies where this happened had already received a nonrisk letter, since such letters were sent out daily for samples not fulfilling the demands to go further in the MIDIA genotyping. Luckily both two parent pairs understood the explanation given to them, and they joined the follow-up for high-risk children in MIDIA.
2.3. Inclusion Criteria
Mothers of preterm babies as well as those who had got a child with malformations did not receive invitation to MIDIA participation. For being eligible for participation at least one of the parents needed to be of Caucasian origin. Asian and African people do not carry the DRB10401-DQB103-DQB103:02/4 haplotype [9, 48]. Responsible for recruitment, and in most cases for taken a buccal sample of the baby, was a public health care nurse that in advance had got updated knowledge on T1D and learned how to inform about genetic risk for T1D by the Principal Investigator (PI) of the study and a study coordinator (a public health care nurse working closely together with the PI of MIDIA at the Norwegian Institute of Public Health).
2.4. All over Norway
All contact with the participating families had to take place by phone calls since there was never enough funding to bring participating families to the Norwegian Institute of Public Health. The distance from Kirkenes in the North-Eastern Norway is the same as the distance from Oslo to Rome, Italy. From the beginning of the study, there were less than 5% of parents informed about genetic high-risk for their baby that did not want to take part in the follow-up. Stool samples were asked for from the baby for 3–35 months of age and blood samples at 3, 6, and 9 and 12 months, and thereafter annually. Questionnaires were asked for at the same time point as blood samples. Until 2006 we got 94% of all stool samples, 83% of all questionnaires, and 86% of all blood samples that we asked for [49].
2.5. Stopping of an Ongoing T1D Study Based on the Norwegian Biotechnology Law
The MIDIA study had the needed approvals for research studies in Norway (from the Regional Ethic Committee and the Data Inspectorate) before recruitment started in the summer of 2001. Since all recruitment was based on special teaching of Norwegian public health care nurses given by the PI and a study coordinator (a pubic health care nurse working together with the PI), the recruitment started in small scale. Most of the public health care nurses in Norway started after they had got the needed information and education to voluntary recruit to MIDIA as well as being responsible for most of the blood samples taken. From 2006 the recruitment covered the whole country. In June 2007, one of the mothers of a participating baby was, however, interviewed in the biggest newspaper in Norway. She here complained about not having received good enough information about MIDIA before she and her husband had consented to participate [50, 51]. The Directorate for Health and Social Affairs then immediately decided that recruitment to MIDIA had to be stopped. Some days later it was, however, decided that new evaluation of the project had to take place according to the Norwegian Biotechnology Law, which tells that genotyping of children under the age of 18 years can only take place if there are a clear health benefit for a certain disease. During the fall of 2007, the Biotechnology Board, the Ethical Committee for the Norwegian Medical Association, the National Committee for Medical Ethics, and several experts contacted by the Directorate of Social and Health Affairs evaluated the MIDIA project. All these boards had earlier evaluated the MIDIA study (e.g., during the time of recruitment to the study). In addition, the Health Department had clearly told that children who also had developed autoantibodies in MIDIA could get health insurance. The last aspect was based on the Biotechnology Law, which Norway has had since 1994, where it is clearly told that genetic risk for a disease cannot be used by the health insurance companies. The Directorate of Social and Health Affairs found, however, genotyping in MIDIA illegal on December 10, 2007. A few days later, the Norwegian Data Inspectorate said in newspapers that all data already collected from participants in MIDIA had to be thrown away. All ended good by the Norwegian Parliament voting in June 2008. As long as the Medical Regional Committee and the Norwegian Data Inspectorate approved the MIDIA study once more, and all parents of children who already had been identified as high-risk children gave a new informed consent, research in MIDIA could continue. Close to 47,000 babies had been genotyped before December 10, 2007, and 1,047 had been identified with high-risk genotype. The parents of 706 children gave new informed consent starting from the fall of 2008 until early in 2009, Figure 1.




	
	
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
				
					
				
					
				
			
		
		
			
				
					
				
					
				
			
		
		
			
				
					
				
					
				
			
		
		
			
				
					
				
					
				
			
		
		
			
				
					
				
					
				
			
		
		
			
				
					
				
					
				
			
		
		
			
				
					
				
					
				
			
		
		
			
				
					
				
					
				
			
		
		
			
				
					
				
					
				
			
		
	


Figure 1: The first box to the left shows total number of children genotyped for the high-risk genotype in MIDIA. Of the 997 children who had parents participating in MIDIA, 908 delivered blood samples more than once for autoantibody testing. The rest of participants delivered stool samples and questionnaires. 706 children had parents who had given a new informed consent in 2008/2009. Abs.: autoantibodies.







Norway is different from Sweden, Finland, Germany and five states in USA were no similar Biotechnology Law has given problems with genotyping of 420,000 children for The Environmental Determinants of Diabetes in the Young (TEDDY) study.
2.6. Ethics and Data Protection in Human Biomarker Studies
The Norwegian Biotechnology Law states the following: “genetic testing of a child under the age of 18 years is not allowed if circumstances cannot be detected that can reduce or prevent health disadvantages for the child.” Since the law came in 1994, it had only counted for clinical practice, and the MIDIA project had been run for 6.5 year before the study was stopped. Both Approval from the Regional Ethic Committee and the Norwegian Data Inspectorate were given before recruitment to the study started. The reason for a new understanding of the Biotechnology law started in the biggest newspaper in Norway. The public debate got the Notional Ethic Committe, The Etic Commitee of the Norwegian Association for Physicans, the Norwegian Biotechnology Committee and The Norwegian Directorate of Helath to evaluate the MIDIA project once more. When the Directorate of Health (directly under the Department of Health, The Norwegian Government) stopped the MIDIA project, important questions did come up.(1)Do important scientific T1D projects involving genotyping of children have to be performed elsewhere in the world? Should not Norway as one of the riches countries in the world have a certain responsibility?(2)Are not the parents able to give informed consent on behalf of their child?(3)How should health benefit be defined?(4)Is it not so that if clear health benefit has been shown, it is no longer research but part of general recommendation for public health or part of the health care system?
3. Results from MIDIA
3.1. Viral Infections
3.1.1. Enterovirus
With the aim to test whether the frequency of human enterovirus RNA in faecal samples collected monthly from early infancy was associated with development of multiple islet autoantibodies in children with the highest risk HLA genotype faecal samples from 911 children that were used, 27 had developed positivity for two or more islet autoantibodies in two or more consecutive samples (case subjects) [52]. Two control subjects per case subject were matched by follow-up time, date of birth, and county of residence. The frequency of human enterovirus RNA in stool samples from case subjects before seroconversion (12.7%) did not differ from the frequency in control subjects (13.6%). There was no support for the hypothesis that faecal shedding of enteroviral RNA is a major predictor of advanced islet autoimmunity [53].
Since no association was found between children carrying the high-risk genotype and enterovirus, our aim was to assess whether genetic polymorphisms could play a role. There was no statistically significant association between other T1D associated HLA genotypes and the occurrence of human enterovirus gut infections [54]. Polymorphisms in the IFIH1 (common rs1990760 and four rare rs35667974, rs35337543, rs35744605, and rs35732034) have been convincingly associated with T1D. We therefore investigated whether the polymorphisms are associated with differences in the frequency of enterovirus RNA in blood. The genotypes of IFIH1 rs1990760 were associated with different frequencies of enterovirus RNA in blood (7.0%, 14.4%, and 9.5% bloods were enterovirus positive among children carrying the Ala/Ala, Ala/Thr, and Thr/Thr genotypes, respectively, ) [55]. The common IFIH1 SNP may modify the frequency of enterovirus RNA in blood of healthy children. This effect can help explain the association of IFIH1 with T1D [56].
Since an association between T1D and enterovirus so far only had been found in Finland, we investigated enterovirus RNA in blood and islet autoimmunity. We analyzed serial blood samples collected at age of 3, 6, and 9 months and then annually from 45 children who developed confirmed positivity for at least two autoantibodies (insulin, GAD65, and/or IA-2) and 92 matched controls in the Norwegian MIDIA study. Of 807 blood samples, 72 (8.9%) were positive for enterovirus. Positivity for enterovirus RNA in blood did not predict the later induction of islet autoantibodies, but enterovirus tended to be detected more often at the islet autoantibody conversion state [57]. There was no support for the hypothesis that faecal shedding of enteroviral RNA is a major predictor of advanced islet autoimmunity.
3.1.2. Parechovirus
The objective of this study was to investigate a possible association between human parechovirus infections in early infancy, diagnosed in faecal samples, and the development of islet autoimmunity in the MIDIA study [58]. A nested case-control study, including 27 children who developed islet autoimmunity (repeatedly positive for two or three autoantibodies) and 53 children matched for age and community of residence, was used. Monthly stool samples from these children were analyzed for human parechovirus. There was no significant difference in the prevalence of human parechovirus in stool samples when cases and controls were compared: 13.0 and 11.1%, respectively [59]. There was not also any difference in the number of infection episodes. In analyses restricted to samples collected 3, 6, or 12 months prior to seroconversion for islet autoantibodies, there was a suggestive association in the shortest time window of 3 months (20.8 versus 8.8%, odds ratio (OR) = 3.2, 95% CI 1.2–8.5, uncorrected ). Neither was there found any Ljungan virus in the large dataset studied [60].
3.1.3. Saffold Virus
We could not detect any significant associations between Saffold virus and development of islet autoimmunity (estimated OR = 2.06 (0.59–7.20)). SAFV virus genotypes 2 and 3 seem to be dominant. However, only 2.6% of samples were positive for Saffold virus, indicating that this virus is rarely present in stool (Tapia and Bøås, unpublished data).
3.2. Dietary Factors and T1D Risk
Breastfeeding protected against enterovirus [61], and breastfeeding for a period for more than 12 months delayed disease progression from autoimmunity to clinical T1D [62]. No differences were found in the MIDIA study for the time point of introducing solid food—but it seemed important that the mother still was breast feeding.
In the MIDIA study, a cohort design was used for assessing whether body mass index (BMI) before pregnancy and weight gain during pregnancy predicted the risk of islet autoimmunity in 885 children. 36 of the children developed autoimmunity, of who 10 developed T1D. Both maternal body mass index (BMI) before pregnancy and weight gain > or = 15 kg predicted increased risk for islet autoimmunity with significant hazard ratio (HR) at 2.5 for both situations [63].
3.3. Wheezing in Early Infancy
When a cohort of 42 cases and 843 noncases in MIDIA was studied, self-reported “pneumonia, bronchitis, or RS-virus” had HR at 3.5, , for development of autoimmunity before 4 years of age [64]. Also a Swedish study with data collected at the age of 2.5 years found that wheezing during the first year of life was significantly associated with islet autoimmunity [65].
3.4. Enterobius vermicularis
Enterobius vermicularis still seems to be common during childhood. However, pinworm infections seem to be uncommon in children younger than 2 years and have the highest prevalence in children older than 5 years of age (34%). Increased number of siblings was linked to more infections, and there were fewer infections in the children with the high-risk genotype [66]. A possible association between current pinworm infections and food allergy was found (OR = 2.9 (1.1–8.0)) and needs to be studied in a larger material [67].
3.5. The Diversity of the Data Obtained in the Different National Cohort Studies
As appearing from what is found above, different factors have been reported to confer T1D susceptibility in the different national prospective cohorts, leaving a number of holes and a troubling lack of consistency in the findings to date. It is likely that the results have been confounded by imprecise assessment of dietary exposure, recall bias, failure to assess dietary exposures at very early ages, different definitions of exposure, and small sample sizes. To solve these issues was the background for the large collaborative study TEDDY [68]. 420,000 newborns were screened for human leukocyte- (HLA-) conferred genetic risk for T1D; 21,589 were HLA eligible, and 8,668 joined the TEDDY study (40% participation rate). As of September 2014, 2613 families have withdrawn (28% participation rate of the eligible) [69, Personal communication, the TEDDY group]. Although so much efforts and funding have been given to the TEDDY study, probably also here that many reports will show too little power to conclude for a specific environmental factor.
3.6. A New Collaborative Effort
Most probably there are already enough prospective cohort data collected or under collection to identify the environmental trigger(s) of T1D. New valuable information about factors and their contribution associated with the development of β-cell autoimmunity and progression to T1D could be achieved by a hurge international collaborative effort. It would then be possible to integrate demographic, genetic, autoimmune, and exposure data from the existing cohorts in Finland, Norway, Sweden, Germany, and Denver, Colorado.
4. The DIPP Study
The Type 1 Diabetes Prediction and Prevention (DIPP) study in Finland is a population-based long-term clinical follow-up study established in 1994, 1995, and 1997 in three university hospitals in Finland (Turku, Oulu, and Tampere, respectively) to understand the pathogenesis of T1D, predict the disease, and find preventive treatment [70, 71]. Both recruitment and follow-up of children in this study have since then been constantly ongoing; 186,000 cord blood samples have been genotyped so far. Families with a newborn baby carrying a DR-DQ genotype associated with increased risk for T1D (approximately 10% of all infants) are invited to participate in regular follow-up at the age of 3, 6, 9, 12, 18, and 24 months and thereafter once a year until the age of 15 years or until T1D is diagnosed, Table 2. Clinical details including maternal diet during pregnancy and lactation and child’s diet starting from the age of 3 months are recorded, blood samples are collected, and serum autoantibodies associated with development of T1D are measured. In the DIPP study about 750 children have developed multiple islet autoantibodies, and more than 300 of these have progressed to clinical T1D.
Table 2: HLA typing and time points for follow-up in DIPP.
	

	(a) Eligible HLA  types 	DQB1*02/DQB1*0302
	DQB1*0302/X (X # DQB1*02, 0301, 0602/0603)  
	

	(b) Time points for blood samples	Autoantibodies are measured in Tampere and Oulu at 3, 6, 18, and 24 months and then annually. In Turku every 3 months until 2 years, and then every 6 months until the age of 14 years 
	

	(c) Questionnaires	Filled out at the clinical visits at 3, 6, 18, and 24 months, and then annually  
	

	(d) Stool samples	Parents are asked to send it from 3 months to 3 years
	



5. The DiPiS Study
The Diabetes Prediction in Skåne (DiPiS) study is a population-based long-term follow-up study in Skåne, the southernmost region in Sweden representing 1.2 million inhabitants, 12,000 newborns per year, and nearly 100 children below 18 years of age diagnosed with T1D every year. In 2000–2004, more than 35,000 (70% of all newborns) were screened at birth for T1D high risk HLA, and 25,000 filled out a questionnaire on gestational and perinatal health [72], Table 3. Nearly 6,000 children at increased risk for T1D were offered follow-up and 4,200 are followed since two years of age, 82 have developed two or more islet autoantibodies, and 33 (40%) have gone on to a clinical diagnosis of T1D. The DiPiS children will be followed until 15 years of age.
Table 3: HLA typing and time points for follow-up in DiPiS.
	

	(a) Eligible HLA  types 	DQB1*02/DQB1*0302
	DQB1*0302/X (X # DQB1*02, 0301, 0602/0603)  
	

	(b) Time points for blood samples	Autoantibodies are measured in every second year 
	

	(c) Questionnaires	Filled just after the children were born, gestational and perinatal health  
	

	(d) Stool samples	Not asked for
	



6. The BABYDIAB Study
The BABYDIAB is a study from birth in 1,650 children born to a mother or father with T1D. Recruitment began in 1989 and ended in 2000. All children (840 boys, 810 girls) were recruited in Germany [73–76], Table 4. The population is not population based, and 97% of the families are of German or of European descent. Islet autoantibodies directed against insulin (IAA), glutamic acid decarboxylase (GAD), insulinoma-associated protein 2 (IA-2), and Zinc transporter 8 (ZnT8) are tested at all scheduled visits and every 6 months in children positive for islet autoantibodies. The median follow-up from birth to last sample in BABYDIAB is 11.7 years [45]. HLA genotyping has not been any inclusion criteria but has been performed later on for scientific purposes.
Table 4: HLA typing and time points for follow-up in BABYDIAB.
	

	(a)  No HLA typing required for recruitment and to be found eligible for follow-up	 
	

	(b) Time points for blood samples: 9 months, 2 years, 5 years, 8 years, 11 years, 14 years, 17 years, and 20 years	 
	

	(c) Questionnaires were asked for at 9 months and at 2 years with respect to breastfeeding	 
	

	(d) Stool samples, not asked for 	 
	



7. The DAISY Study

        Between December 1993 and October 2004. The Diabetes Autoimmunity Study In the Young (DAISY) screened for T1D susceptibility HLA-DR, DQ genotypes and tested over 33,000 newborns from the general population of Denver, Colorado. The study population was representative of the general population of the Denver Metropolitan Area and included children classified by their mothers as non-Hispanic white (58%), Hispanic (28%), African American (7%), Asian American (2%), or biracial/others (5%). Newborns were categorized into four risk groups: (1) high T1D risk, 20-times higher than in the general population (HLA-DRB103/04,DQB10201/0302 genotype and negative for DRB10403); (2) moderate T1D risk, 3–7-times higher than in the general population (HLA-DR,DQ 4/4, 1/4, 8/4, and 9/4 (the DR4 haplotype carrying DQB10302), and DR3/3); (3) average T1D risk, similar to that for the general population (HLA-DRB103/x or 04/x), and (4) low diabetes risk—all others. The combination of high- (2.1%) and moderate-risk genotypes (7.5%) was present in 9.6% of the general population. All high-risk children and selection of those at moderate or low risk were invited to participate in the follow-up [77–85], Table 5. Families with a member with T1D were identified using The Barbara Davis Centre for Childhood Diabetes in Denver, other diabetes care clinics, the Colorado T1D Registry, and newspaper publicity.
Table 5: HLA typing and time points for follow-up in DAISY (general population).
	

	(a) Eligible HLA  types†	DRB1*03-DQB1*02/DRB1*04-DQB1*0302, and negative for DRB1*0403 
	DRB1*04-DQB1*0302/DRB1*04-DQB1*0302, and negative for DRB1*04034
	DRB1*03-DQB1*02/DRB1*03-DQB1*02
	DRB1*04-DQB1*0302/DRB1*01-DQB1*0501, and negative for DRB1*0403 
	DRB1*04-DQB1*0302/DRB1*08-DQB1*0402
	DRB1*04-DQB1*0302/DRB1*09-DQB1*0303
	

	(b) Time points for blood samples	9, 15, and 24 and thereafter annually
	

	(c) Questionnaires 	Filled out at the clinical visits at  9, 15, and 24 months of age, and thereafter annually
	

	(d) Rectal swabs and salvia:	At  9, 15, and 24 months of age, and annually thereafter
	


No HLA typing for siblings of a child with T1D.


7.1. How to Find the Environmental Triggers of T1D without New Prospective Cohorts?
The synthesis of multiple data sources to increase our understanding of a research field is an essential part of the scientific method. In the case of T1D, a close collaboration between the PI and close coworkers of existing cohorts (MIDIA, DIPP, DiPiS, BABYDIAB, and DAISY) would be a very vulnerable recourse in identification of the environmental trigger(s) of T1D. Given the diversity of systems and formats in which the data are currently stored, it is very difficult to create association between the results from the different studies. Several manual steps would be necessary to collect the data from various sources, transform them into a common format, and prepare them for a single kind of analysis. Such an ad hoc process would be not only complex and time consuming, but also hard to reuse and benefit from further studies of different analysis. To solve this interoperability issues, it would be much better to create a combined database that acts as a central repository, providing methods to store and retrieve data quickly and efficiently. Having a unified view on all the available information will allow the application of advanced analysis methods. It will also make it much easier to add further results, as it will only be necessary to adapt them to the common data format. The database would hold information, relative to all kinds of risk factors, for more than 20 000 children at various grades of increased HLA-conferred risk for T1D, followed from their early infancy (3 months) until seroconversion for β-cell specific autoantibodies and, in many cases, to clinical onset of the disease. To create a harmonized representation of the data, the start would be collecting and studying the results provided by each of the partners in this huge cohort project. Detailed documentation will have to be created on the factors presenting each of the cohort studies: how they are stored and how they relate to each other. The next step would be to design a database solution that aggregates those factors and that satisfies the requirements of the data analysis tasks to be performed. To incorporate and update the results on a regular basis an automated information integration process for each of the cohort data sources should be incorporated into the database.
In conclusion, based on international experiences with cohort studies, and with the relatively small participation rate in the TEDDY study, it is probably now a better idea with a new international effort to find the environmental trigger(s) of T1D. All the ongoing cohort studies will give a unique resource for collaboration. Performing large-scale integrative analysis on the combined database of available and incoming cohort data will give new insights and unfold complex relationships between the factors that determine the pathogenesis of the T1D.
Conflict of Interests 
The author declares that there is no conflict of interests regarding the publication of this paper.
References
	 The DIAMOND Project Group, “Incidence and trends of childhood type 1 diabetes worldwide 1990–1999,” Diabetic Medicine, vol. 23, no. 8, pp. 857–866, 2006.
	V. Harjutsalo, L. Sjöberg, and J. Tuomilehto, “Time trends in the incidence of type 1 diabetes in Finnish children: a cohort study,” The Lancet, vol. 371, no. 9626, pp. 1777–1782, 2008.
	C. C. Patterson, G. G. Dahlquist, E. Gyürüs, A. Green, and G. Soltész, “Incidence trends for childhood type 1 diabetes in Europe during 1989–2003 and predicted new cases 2005–20: a multicentre prospective registration study,” The Lancet, vol. 373, no. 9680, pp. 2027–2033, 2009.
	C. C. Patterson, E. Gyürüs, J. Rosenbauer et al., “Trends in childhood type 1 diabetes incidence in Europe during 1989–2008: evidence of non-uniformity over time in rates of increase,” Diabetologia, vol. 55, no. 8, pp. 2142–2147, 2012.
	M. A. Atkinson and G. S. Eisenbarth, “Type 1 diabetes: new perspectives on disease pathogenesis and treatment,” The Lancet, vol. 358, no. 9277, pp. 221–229, 2001.
	S. Eizirik, J. Freyer, C. Siewert et al., “The role of inflammationin insulitis and beta-cell loss in type 1 diabetes,” Nature Reviews Endocrinology, vol. 5, pp. 219–226, 2009.
	N. A. Deters, R. A. Stokes, and J. E. Gunton, “Islet transplantation: factors in short-term islet survival,” Archivum Immunologiae et Therapiae Experimentalis, vol. 59, no. 6, pp. 421–429, 2011.
	K. S. Rønningen, A. Spurkland, T. Iwe et al., “Distribution of HLA-DRB1, -DQA1 and -DQB1 alleles and DQA1-DQB1 genotypes among Norwegian patients with insulin-dependent diabetes mellitus,” Tissue Antigens, vol. 37, no. 3, pp. 105–111, 1991.
	K. S. Rønningen, S. Spurkland, and B. D. Tait, “HLA class II associations in insulin-dependent diabetes mellitus among blacks, Caucasoids and Japanese,” in HLA 1991. Proceedings of the Eleventh International Histocompatibility Workshop and Conference, K. Tsuji, H. Aixawa, and T. Sasazuki, Eds., vol. 2, pp. 713–722, Oxford University Press, Oxford, UK, 1993.
	J.-X. She, “Susceptibility to type I diabetes: HLA-DQ and DR revisited,” Immunology Today, vol. 17, no. 7, pp. 323–329, 1996.
	K. S. Rønningen, “Genetics in the prediction of insulin-dependent diabetes mellitus: from theory to practice,” Annals of Medicine, vol. 29, no. 5, pp. 387–392, 1997.
	D. E. Undlien, T. Friede, H.-G. Rammensee et al., “HLA-encoded genetic predisposition in IDDM: DR4 subtypes may be associated with different degrees of protection,” Diabetes, vol. 46, no. 1, pp. 143–149, 1997.
	J. C. Barrett, D. G. Clayton, P. Concannon et al., “Genome-wide association study and meta-analysis find that over 40 loci affect risk of type 1 diabetes,” Nature Genetics, vol. 41, no. 6, pp. 703–707, 2009.
	M. Knip, R. Veijola, S. M. Virtanen, H. Hyöty, O. Vaarala, and H. K. Åkerblom, “Environmental triggers and determinants of type 1 diabetes,” Diabetes, vol. 54, no. 2, pp. S125–S136, 2005.
	G. G. Dahlquist, L. G. Blom, L.-A. Persson, A. I. M. Sandstrom, and S. G. I. Wall, “Dietary factors and the risk of developing insulin dependent diabetes in childhood,” British Medical Journal, vol. 300, no. 6735, pp. 1302–1306, 1990.
	G. Dahlquist, L. Blom, and G. Lönnberg, “The Swedish childhood diabetes study—a multivariate analysis of risk determinants for diabetes in different age groups,” Diabetologia, vol. 34, no. 10, pp. 757–762, 1991.
	G. Frisk, G. Friman, T. Tuvemo, J. Fohlman, and H. Diderholm, “Coxsackie B virus IgM in children at onset of Type 1 (insulin-dependent) diabetes mellitus: evidence for IgM induction by a recent or current infection,” Diabetologia, vol. 35, no. 3, pp. 249–253, 1992.
	G. B. Clements, D. N. Galbraith, and K. W. Taylor, “Coxsackie B virus infection and onset of childhood diabetes,” The Lancet, vol. 346, no. 8969, pp. 221–223, 1995.
	C. Gibbon, T. Smith, P. Egger, P. Betts, and D. Phillips, “Early infection and subsequent insulin dependent diabetes,” Archives of Disease in Childhood, vol. 77, no. 5, pp. 384–385, 1997.
	M. S. Horwitz, L. M. Bradley, J. Harbertson, T. Krahl, J. Lee, and N. Sarvetnick, “Diabetes induced by Coxsackie virus: initiation by bystander damage and not molecular mimicry,” Nature Medicine, vol. 4, no. 7, pp. 781–785, 1998.
	M. C. Honeyman, N. L. Stone, and L. C. Harrison, “T-cell epitopes in type 1 diabetes autoantigen tyrosine phosphatase IA- 2: potential for mimicry with rotavirus and other environmental agents,” Molecular Medicine, vol. 4, no. 4, pp. 231–239, 1998.
	 EURODIAB Substudy 2 Study Group, “Vitamin D supplement in early childhood and risk for type 1 (insulin-dependent) diabetes mellitus,” Diabetologia, vol. 42, pp. 51–54, 1999.
	P. Knekt, A. Reunanen, J. Marniemi, A. Leino, and A. Aromaa, “Low vitamin E status is a potential risk factor for insulin-dependent diabetes mellitus,” Journal of Internal Medicine, vol. 245, no. 1, pp. 99–102, 1999.
	L. C. Stene, J. Ulriksen, P. Magnus, and G. Joner, “Use of cod liver oil during pregnancy associated with lower risk of Type I diabetes in the offspring,” Diabetologia, vol. 43, no. 9, pp. 1093–1098, 2000.
	L. C. Stene, P. Magnus, R. T. Lie, O. Søvik, and G. Joner, “Birth weight and childhood onset type 1 diabetes: population based cohort study,” British Medical Journal, vol. 322, no. 7291, pp. 889–892, 2001.
	E. Hyppönen, E. Läärä, A. Reunanen, M.-R. Järvelin, and S. M. Virtanen, “Intake of vitamin D and risk of type 1 diabetes: a birth-cohort study,” The Lancet, vol. 358, no. 9292, pp. 1500–1503, 2001.
	R. C. Parslow, P. A. McKinney, G. R. Law, and H. J. Bodansky, “Population mixing and childhood diabetes,” International Journal of Epidemiology, vol. 30, no. 3, pp. 533–538, 2001.
	 EURODIAB Substudy 2 Study Group, “Rapid early growth is associated with increased risk of childhood type 1 diabetes in various european populations,” Diabetes Care, vol. 25, no. 10, pp. 1755–1760, 2002.
	L. C. Stene and G. Joner, “Use of cod liver oil during the first year of life is associated with lower risk of childhood-onset type 1 diabetes: a large, population-based, case-control study,” The American Journal of Clinical Nutrition, vol. 78, no. 6, pp. 1128–1134, 2003.
	H.-S. Jun and J.-W. Yoon, “A new look at viruses in type 1 diabetes,” Diabetes/Metabolism Research and Reviews, vol. 19, no. 1, pp. 8–31, 2003.
	A. Pundziute-Lyckå, L.-Å. Persson, G. Cedermark et al., “Diet, growth, and the risk for type 1 diabetes in childhood: a matched case-referent study,” Diabetes Care, vol. 27, no. 12, pp. 2784–2789, 2004.
	M. C. Honeyman, “How robust is the evidence for viruses in the induction of type 1 diabetes?” Current Opinion in Immunology, vol. 17, no. 6, pp. 616–623, 2005.
	K. Osame, Y. Takahashi, H. Takasawa et al., “Rapid-onset type 1 diabetes associated with cytomegalovirus infection and islet autoantibody synthesis,” Internal Medicine, vol. 46, no. 12, pp. 873–877, 2007.
	V. S. Benson, J. A. VanLeeuwen, J. Taylor, P. A. McKinney, and L. Van Til, “Food consumption and the risk of type 1 diabetes in children and youth: a population-based, case-control study in Prince Edward Island, Canada,” Journal of the American College of Nutrition, vol. 27, no. 3, pp. 414–420, 2008.
	M. Elfving, J. Svensson, S. Oikarinen et al., “Maternal enterovirus infection during pregnancy as a risk factor in offspring diagnosed with type 1 diabetes between 15 and 30 years of age,” Experimental Diabetes Research, vol. 2008, Article ID 271958, 6 pages, 2008.
	M. M. Lamb, M. A. Myers, K. Barriga, P. Z. Zimmet, M. Rewers, and J. M. Norris, “Maternal diet during pregnancy and islet autoimmunity in offspring,” Pediatric Diabetes, vol. 9, no. 2, pp. 135–141, 2008.
	M. J. Richer and M. S. Horwitz, “Viral infections in the pathogenesis of autoimmune diseases: focus on type 1 diabetes,” Frontiers in Bioscience, vol. 13, no. 11, pp. 4241–4257, 2008.
	M. J. Richer and M. S. Horwitz, “Coxsackievirus infection as an environmental factor in the etiology of type 1 diabetes,” Autoimmunity Reviews, vol. 8, no. 7, pp. 611–615, 2009.
	M. A. Menser, J. M. Forrest, and R. D. Bransby, “Rubella infection and diabetes mellitus,” The Lancet, vol. 1, no. 8055, pp. 57–60, 1978.
	H. Hyöty, M. Hiltunen, A. Reunanen et al., “Decline of mumps antibodies in type 1 (insulin-dependent) diabetic children and a plateau in the rising incidence of type 1 diabetes after introduction of the mumps-measles-rubella vaccine in Finland,” Diabetologia, vol. 36, no. 12, pp. 1303–1308, 1993.
	G. G. Dahlquist, S. Ivarsson, B. Lindberg, and M. Forsgren, “Maternal enteroviral infection during pregnancy as a risk factor for childhood IDDM: a population-based case-control study,” Diabetes, vol. 44, no. 4, pp. 408–413, 1995.
	G. Dahlquist, G. Frisk, S. A. Ivarsson, L. Svanberg, M. Forsgren, and H. Diderholm, “Indications that maternal coxsackie B virus infection during pregnancy is a risk factor for childhood-onset IDDM,” Diabetologia, vol. 38, no. 11, pp. 1371–1373, 1995.
	H. Hyöty, M. Hiltunen, M. Knip et al., “A prospective study of the role of coxsackie B and other enterovirus infections in the pathogenesis of IDDM,” Diabetes, vol. 44, no. 6, pp. 652–657, 1995.
	S. Hummel and A. G. Ziegler, “Early determinants of type 1 diabetes: experience from the BABYDIAB and BABYDIET studies,” American Journal of Clinical Nutrition, vol. 94, no. 6, pp. 1821S–1823S, 2011.
	A.-G. Ziegler and E. Bonifacio, “Age-related islet autoantibody incidence in offspring of patients with type 1 diabetes,” Diabetologia, vol. 55, no. 7, pp. 1937–1943, 2012.
	V. Parikka, K. Näntö-Salonen, M. Saarinen et al., “Early Seroconversion and rapidly increasing autoantibody concentrations predict prepubertal manifestation of type 1 diabetes in Children at genetic risk,” Diabetologia, vol. 55, no. 7, pp. 1926–1936, 2012.
	O. Cinek, E. Wilkinson, L. Paltiel, O. D. Saugstad, P. Magnus, and K. S. Rønningen, “Screening for the IDDM high-risk genotype. A rapid microtitre plate method using serum as source of DNA,” Tissue Antigens, vol. 56, no. 4, pp. 344–349, 2000.
	K. S. Rønningen, S. E. Yap, K. Brandal et al., “HLA-DRB1, -DQA1 and -DQB1 alleles and haplotypes in first-generation pakistani immigrants in Norway,” Scandinavian Journal of Immunology, vol. 75, no. 4, pp. 426–430, 2012.
	L. C. Stene, E. Witsø, P. A. Torjesen et al., “Islet autoantibody development during follow-up of high-risk children from the general Norwegian population from three months of age: design and early results from the MIDIA study,” Journal of Autoimmunity, vol. 29, no. 1, pp. 44–51, 2007.
	K. S. Rønningen, E. Witsø, O. Cinek et al., “Coping with high genetic risk for type 1 diabetes,” Endocrine Journal, vol. 52, p. 152, 2005.
	K. K. Aas, K. Tambs, M. S. Kise, P. Magnus, and K. S. Rønningen, “Genetic testing of newborns for type 1 diabetes susceptibility: a prospective cohort study on effects on maternal mental health,” BMC Medical Genetics, vol. 11, article 112, 2010.
	O. Cinek, E. Witsø, S. Jeansson et al., “Longitudinal observation of enterovirus and adenovirus in stool samples from Norwegian infants with the highest genetic risk of type 1 diabetes,” Journal of Clinical Virology, vol. 35, no. 1, pp. 33–40, 2006.
	G. Tapia, O. Cinek, T. Rasmussen et al., “Human enterovirus RNA in monthly fecal samples and islet autoimmunity in Norwegian children with high genetic risk for type 1 diabetes: the MIDIA study,” Diabetes Care, vol. 34, no. 1, pp. 151–155, 2011.
	E. Witsø, O. Cinek, G. Tapia, T. Rasmussen, L. C. Stene, and K. S. Rønningen, “HLA-DRB1-DQA1-DQB1 genotype and frequency of enterovirus in longitudinal monthly fecal samples from healthy infants,” Viral Immunology, vol. 25, no. 3, pp. 187–192, 2012.
	E. Witsø, G. Tapia, O. Cinek, F. M. Pociot, L. C. Stene, and K. S. Rønningen, “Polymorphisms in the innate immune IFIH1 gene, frequency of enterovirus in monthly fecal samples during infancy, and islet autoimmunity,” PLoS ONE, vol. 6, no. 11, Article ID e27781, 2011.
	O. Cinek, G. Tapia, E. Witsø et al., “Enterovirus RNA in peripheral blood may be associated with the variants of rs1990760, a common type 1 diabetes associated polymorphism in IFIH1,” PLoS ONE, vol. 7, no. 11, Article ID e48409, 2012.
	O. Cinek, L. C. Stene, L. Kramna et al., “Enterovirus RNA in longitudinal blood samples and risk of islet autoimmunity in children with a high genetic risk of type 1 diabetes: the MIDIA study,” Diabetologia, vol. 57, no. 10, pp. 2193–2200, 2014.
	G. Tapia, O. Cinek, E. Witsø et al., “Longitudinal observation of parechovirus in stool samples from Norwegian infants,” Journal of Medical Virology, vol. 80, no. 10, pp. 1835–1842, 2008.
	G. Tapia, O. Cinek, T. Rasmussen, B. Grinde, L. C. Stene, and K. S. Rønningen, “Longitudinal study of parechovirus infection in infancy and risk of repeated positivity for multiple islet autoantibodies: the MIDIA study,” Pediatric Diabetes, vol. 12, no. 1, pp. 58–62, 2011.
	G. Tapia, O. Cinek, T. Rasmussen, B. Grinde, and K. S. Rønningen, “No ljungan virus RNA in stool samples from the Norwegian environmental triggers of type 1 diabetes (MIDIA) cohort study,” Diabetes Care, vol. 33, no. 5, pp. 1069–1071, 2010.
	E. Witsø, O. Cinek, M. Aldrin et al., “Predictors of sub-clinical enterovirus infections in infants: a prospective cohort study,” International Journal of Epidemiology, vol. 39, no. 2, pp. 459–468, 2010.
	N. A. Blix-Lund, L. C. Stene, T. Rasmussen, P. A. Torjesen, L. F. Andersen, and K. S. Rønningen, “Infant feeding in relation to islet autoimmunity and type 1 diabetes in genetically susceptible children: the MIDIA study,” Diabetes Care, vol. 38, pp. 257–263, 2015.
	T. Rasmussen, L. C. Stene, S. O. Samuelsen et al., “Maternal BMI before pregnancy, maternal weight gain during pregnancy, and risk of persistent positivity for multiple diabetes-associated autoantibodies in children with the high-risk HLA genotype: the MIDIA study,” Diabetes Care, vol. 32, no. 10, pp. 1904–1906, 2009.
	T. Rasmussen, E. Witsø, G. Tapia, L. C. Stene, and K. S. Rønningen, “Self-reported lower respiratory tract infections and development of islet autoimmunity in children with the type 1 diabetes high-risk HLA genotype: the MIDIA study,” Diabetes/Metabolism Research and Reviews, vol. 27, no. 8, pp. 834–837, 2011.
	J. Wahlberg, O. Vaarala, and J. Ludvigsson, “For the ABIS study group. Asthma and allergic symptoms and type 1 diabetes-related autoantibodies in 2.5-yr-old children,” Pediatric Diabetes, vol. 12, no. 7, pp. 604–610, 2011.
	H. Bøås, G. Tapia, J. A. Sødahl, T. Rasmussen, and K. S. Rønningen, “Enterobius vermicularis and risk factors in healthy Norwegian children,” The Pediatric Infectious Disease Journal, vol. 31, no. 9, pp. 927–930, 2012.
	H. Bøås, G. Tapia, T. Rasmussen, and K. S. Rønningen, “Enterobius vermicularis and allergic conditions in Norwegian children,” Epidemiology and Infection, vol. 142, no. 10, pp. 2114–2120, 2014.
	 The TEDDY Study Group, “The environmental determinants of diabetes in the young (TEDDY) study: study design,” Pediatric Diabetes, vol. 8, no. 5, pp. 286–298, 2007.
	S. B. Johnson, K. F. Lynch, H.-S. Lee et al., “At high risk for early withdrawal: using a cumulative risk model to increase retention in the first year of the TEDDY study,” Journal of Clinical Epidemiology, vol. 67, no. 6, pp. 609–611, 2014.
	S. Nejentsev, M. Sjöroos, T. Soukka et al., “Population-based genetic screening for the estimation of Type 1 diabetes mellitus risk in Finland: selective genotyping of markers in the HLA-DQB1, HLA-DQA1 and HLA-DRB1 loci,” Diabetic Medicine, vol. 16, no. 12, pp. 985–992, 1999.
	T. Kimpimäki, A. Kupila, A.-M. Hämäläinen et al., “The first signs of β-cell autoimmunity appear in infancy in genetically susceptible children from the general population: the finnish type 1 diabetes prediction and prevention study,” Journal of Clinical Endocrinology and Metabolism, vol. 86, no. 10, pp. 4782–4788, 2001.
	B. Lernmark, H. Elding-Larsson, G. Hansson, B. Lindberg, K. Lynch, and S. Sjöblad, “Parent responses to participation in genetic screening for diabetes risk,” Pediatric Diabetes, vol. 5, no. 4, pp. 174–181, 2004.
	A.-G. Ziegler, M. Hummel, M. Schenker, and E. Bonifacio, “Autoantibody appearance and risk for development of childhood diabetes in offspring of parents with type 1 diabetes: the 2-year analysis of the German BABYDIAB Study,” Diabetes, vol. 48, no. 3, pp. 460–468, 1999.
	A.-G. Ziegler, S. Schmid, D. Huber, M. Hummel, and E. Bonifacio, “Early infant feeding and risk of developing type 1 diabetes-associated autoantibodies,” Journal of the American Medical Association, vol. 290, no. 13, pp. 1721–1728, 2003.
	C. Winkler, U. Mollenhauer, S. Hummel, E. Bonifacio, and A.-C. Zieglei, “Exposure to environmental factors in drinking water: risk of islet autoimmunity and type 1 diabetes—the BABYDIAB Study,” Hormone and Metabolic Research, vol. 40, no. 8, pp. 566–571, 2008.
	A.-G. Ziegler, M. Pflueger, C. Winkler et al., “Accelerated progression from islet autoimmunity to diabetes is causing the escalating incidence of type 1 diabetes in young children,” Journal of Autoimmunity, vol. 37, no. 1, pp. 3–7, 2011.
	M. Rewers, T. L. Bugawan, J. M. Norris et al., “Newborn screening for HLA markers associated with IDDM: diabetes autoimmunity study in the young (DAISY),” Diabetologia, vol. 39, no. 7, pp. 807–812, 1996.
	M. Rewers, J. M. Norris, G. S. Eisenbarth et al., “Beta-cell autoantibodies in infants and toddlers without IDDM relatives: diabetes autoimmunity study in the young (DAISY),” Journal of Autoimmunity, vol. 9, no. 3, pp. 405–410, 1996.
	J. M. Norris and F. W. Scott, “A meta-analysis of infant diet and insulin-dependent diabetes mellitus: do biases play a role?” Epidemiology, vol. 7, no. 1, pp. 87–92, 1996.
	J. M. Norris, K. Barriga, G. Klingensmith et al., “Timing of initial cereal exposure in infancy and risk of islet autoimmunity,” Journal of the American Medical Association, vol. 290, no. 13, pp. 1713–1720, 2003.
	P. M. Graves, H. A. Rotbart, W. A. Nix et al., “Prospective study of enteroviral infections and development of beta-cell autoimmunity: diabetes autoimmunity study in the young (DAISY),” Diabetes Research and Clinical Practice, vol. 59, no. 1, pp. 51–61, 2003.
	H. M. Stanley, J. M. Norris, K. Barriga et al., “Is presence of islet autoantibodies at birth associated with development of persistent islet autoimmunity? The diabetes autoimmunity study in the young (DAISY),” Diabetes Care, vol. 27, no. 2, pp. 497–502, 2004.
	J. M. Norris, X. Yin, M. M. Lamb et al., “Omega-3 polyunsaturated fatty acid intake and islet autoimmunity in children at increased risk for type 1 diabetes,” Journal of the American Medical Association, vol. 298, no. 12, pp. 1420–1428, 2007.
	L. C. Stene, S. Oikarinen, H. Hyöty et al., “Enterovirus infection and progression from islet autoimmunity to type 1 diabetes: the Diabetes and Autoimmunity Study in the Young (DAISY),” Diabetes, vol. 59, no. 12, pp. 3174–3180, 2010.
	M. Simpson, H. Brady, X. Yin et al., “No association of vitamin D intake or 25-hydroxyvitamin D levels in childhood with risk of islet autoimmunity and type 1 diabetes: the Diabetes Autoimmunity Study in the Young (DAISY),” Diabetologia, vol. 54, no. 11, pp. 2779–2788, 2011.


EPUB/Navigation/nav.xhtml


		

			

		  1. Introduction

		  2. The MIDIA Study

		  3. Results from MIDIA

		  4. The DIPP Study

		  5. The DiPiS Study

		  6. The BABYDIAB Study

		  7. The DAISY Study

		  References 





EPUB/Content/page-template.xpgt
 

   


     
	 
    

     
	 
    


     
	 
    


     
         
             
             
             
        
    

  




