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Abstract
Background: The relatively common co-occurrence of type 
1 diabetes (T1D) and celiac disease (CD) suggests these dis-
orders share common pathogenic etiologies. Summary: T1D 
and CD are strongly linked to closely related high-risk human 
lymphocyte antigens (HLA-DR-DQ). High-risk HLA molecules 
bind specific fragments of gluten or the islet self-antigen(s) 
and present these antigens to antigen-responsive T cells. In 
an appropriate proinflammatory environment, the autoim-
mune response results in destruction of the intestinal en-
terocyte and/or the pancreatic beta cell. Environmental fac-
tors have been implicated in the etiology of T1D and CD be-
cause (1) identical twins are only partially concordant for 
these disorders and (2) incidence rates of T1D and CD have 
been steadily rising for decades. Prospective studies in in-
fants genetically predisposed to T1D and CD showed that 
antibody positivity to both disorders begins in the first 1–3 
years of life. Viral infections and early exposure to gluten or 
cow’s milk in the infant diet have been implicated in disease 
pathogenesis. However, delaying introduction of gluten in 
the infant diet until 12 months of age had no impact on the 

development of islet or celiac autoimmunity. Weaning nurs-
ing infants to hydrolyzed infant formula had no impact on 
the development of T1D. Viral infections have been suspect-
ed of playing a role in T1D pathogenesis for decades. A large 
international prospective study (TEDDY) has shown in-
creased risk of T1D autoimmunity particularly when > 5 re-
spiratory infections or febrile infections have occurred in the 
9 months preceding the appearance of islet antibodies. Pro-
vocative data in animal models of T1D suggest the microbi-
ome may play an important role in the pathogenesis of T1D. 
Breastfeeding, diet, infections, antibiotics, and method of 
birth alter the composition of the microbiome. Human data 
indicate subtle differences in the microbiome of children 
with T1D autoimmunity, while intestinal dysbiosis has been 
clearly demonstrated in CD. Alterations of the integrity of the 
intestinal mucosa plays an important role in the pathogen-
esis of CD, and the NOD mouse model suggests an important 
role of a leaky intestinal epithelium in T1D as well. Key Mes-
sage: Immunogenetics and the environment are closely in-
terrelated in the pathogenesis of T1D and CD. Large well-
designed prospective studies in at-risk populations informed 
by scientifically rigorous studies in animal models are likely 
to have the greatest impact on our understanding of the 
complex pathogenesis of these detrimental autoimmune 
disorders. © 2019 S. Karger AG, Basel
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Introduction

The association of type 1 diabetes (T1D) and celiac 
disease (CD) has become increasingly recognized, par-
ticularly in light of routine screening of T1D patients for 
CD. Approximately 5% of patients with T1D will also 
have CD and T1D usually occurs before CD when both 
disorders are present in the same patient [1]. The co-oc-
currence of these two disorders has traditionally been at-
tributed to the sharing of common high-risk human lym-
phocyte antigen (HLA) genotypes (DR-DQ) [2]. How-
ever, recent evidence suggests environmental or non- 
genetic factors play an important role in the association 
of these disorders [2, 3]. This review will present an over-
view of the salient clinical aspects of CD in patients with 
T1D followed by a discussion of the leading clinical and 
basic research relevant to the co-occurrence of these dis-
orders. 

Clinical Overview: Screening, Diagnosis, Treatment, 
Outcomes

Patients with T1D are at increased risk for developing 
CD [1, 2]. The risk of T1D patients developing CD is ap-
proximately 5%, while the risk for CD in the general 
population is ∼1% [1, 2, 4]. Worldwide, the risk of CD 
coexisting with T1D varies with prevalence rates of 1.6% 
in France, 2.4% in Finland, 9.7% in Sweden, and 11.1% 
in North India [1, 3]. Hence, expert clinical practice 
guidelines recommend screening all pediatric and ado-
lescent T1D patients soon after diagnosis and again at 2 
and 5 years after T1D diagnosis if the original screen is 
negative (Fig.  1) [5, 6]. T1D patients with symptoms 
suggestive of CD such as unexplained weight loss (or 
inadequate weight gain), abdominal pain, bloating or 
loose stools should be tested for CD regardless of prior 
history of routine screening. The clinician should also 
be alert to the non-gastrointestinal manifestations of 
CD, which include poor growth, delayed puberty, osteo-
penia, anemia, dental enamel defects, and depression 
(Fig. 2) [7]. Unexplained hypoglycemia may also be a 
manifestation of CD [3, 6]. Most pediatric T1D patients 
who develop CD will do so within the first 5 years after 
T1D diagnosis although CD in adults with T1D is well 
recognized [1, 6]. 

Screening for CD consists of obtaining serum IgA  
and anti-tissue transglutaminase antibodies (anti-tTG) 
(Fig. 1) [6, 7]. The anti-tTG test has a very high sensitiv-
ity and specificity with a positive predictive value of 72% 

[7]. Evidence-based expert recommendations suggest 
sending anti-endomyseal antibodies for verification of an 
abnormally elevated anti-tTG in the T1D population 
since false positive anti-tTG serologies can occur [8]. In 
addition, elevated anti-tTG antibodies can spontaneously 
revert to normal particularly when abnormal anti-tTG ti-
ters are relatively low (< 5× assay upper limit of normal) 
[8]. Alternatively, rare cases of biopsy proven CD with 
negative celiac serology have been described so clinical 
judgment is warranted [9].

An IgA antibody level is sent to rule out IgA deficiency 
because IgA-tTG is an IgA antibody, and therefore a false 
negative screening test could occur in a CD patient with 
IgA deficiency [6, 7]. Two percent of patients with CD 
have IgA deficiency and patients with T1D have a 10-fold 
higher risk of IgA deficiency than the general population 
[7, 10]. In cases where IgA deficiency is found, celiac 
screening with an anti-IgG deaminated gliadin peptide 
(anti-DGP) is recommended (Fig. 1) [8]. Anti-DGP may 
also be a particularly useful celiac screening test in the < 2 
years old age group [11].

Although significantly elevated anti-tTG levels are 
highly predictive of CD, the standard practice for estab-
lishing a diagnosis of CD is conferred with a small bowel 
biopsy [7, 8, 11]. Since the diagnosis of CD entails lifelong 
compliance to a gluten-free diet (GFD), it is important 

Screening high-risk T1DM patients for celiac disease

• Soon after T1DM diagnosis (within first year
• Anytime if symptomatic
• Screening tests:
 – Anti-tissue transglutaminase Ab (tTG)
 – IgA
 – Anti-endomyseal (confirmatory testing only)
• If IgA deficient:
 – IgG-tTG, IgG deaminated gliadin

Fig. 1. Screening for celiac disease (CD) in patients with type 1 
diabetes mellitus (T1DM). The American Diabetes Association 
recommends screening for CD shortly after diagnosis of T1DM 
and again at 2 and 5 years if prior screening studies are negative. 
T1DM patients with symptoms suggestive of CD should be 
screened with serological testing as soon as possible regardless of 
prior negative celiac screening. Anti-tissue transglutaminase (anti-
tTg) and IgA are the recommended initial screening tests. If IgA 
deficiency is present, then IgG-tTG and/or IgG deaminated gliadin 
testing is recommended. Anti-endomyseal antibodies are highly 
sensitive and specific but are not recommended for initial screen-
ing due to cost and complexity of assay. Anti-endomyseal antibod-
ies may be useful in T1D patients with weakly positive (< 5× upper 
limits of assay normal) anti-tTg screen.
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that a definitive diagnosis be made. The classic findings 
of CD on small bowel biopsy include increased intraepi-
thelial lymphocytes, villous blunting, and crypt hyperpla-
sia. The severity of pathological changes in the small bow-
el are reflected in the Marsh classification system [7]. 
Small bowel biopsy may not be necessary in select cases 
were anti-tTG exceeds 10× the assay upper limits of nor-
mal and symptoms of celiac as well as high risk HLA 
genes are present [11]. 

Because most patients with T1D are now routinely 
screened, many T1D patients are asymptomatic at the 
time of diagnosis [6, 8]. There is controversy about wheth-
er asymptomatic individuals should be screened for CD 
because there is a lack of evidence that treating asymp-
tomatic CD improves outcomes [12]. However, anti-
tTG-positive patients with T1D versus anti-tTG-negative 
patients with T1D showed significantly lower bone den-
sity in a cross-sectional study, and another large multi-
center study demonstrated lower weight and height SDS 
scores in T1D patients with mostly asymptomatic CD [13, 
14]. 

T1D patients found to have findings suggestive of CD 
on small bowel biopsy often demonstrate resolution of 
their presenting GI symptoms and healing of small bow-
el mucosa on a GFD, although recovery may take up to 1 
year or longer [15]. Counseling by a registered dietician 
with experience in GFD management is highly recom-
mended for all patients with CD [16]. 

A study of 103 CD patients on a GFD demonstrated 
that up to 20% were found to have persistent enteropathy 
on follow-up small bowel biopsy [17]. IgA-tTG serology 
was not necessarily a reliable indicator of ongoing pathol-
ogy or recovery in this study [17]. 

A case control study of pediatric patients with concur-
rent T1D and CD from the T1D Exchange Clinic Registry 
showed that CD impaired linear growth in T1D females 
at all stages of development and that children younger at 
CD diagnosis remain shorter throughout childhood even 
on a GFD [18]. 

Notably, pediatric patients with T1D and CD did not 
show significant differences in hemoglobin A1c, rates of 
severe hypoglycemia, or DKA prior to diagnosis of CD 
[13]. However, a small study using blinded continuous 
glucose monitoring technology in patients with T1D and 
CD show significantly higher postprandial excursions on 
a GFD [19]. Postprandial hyperglycemia on a GFD may 
be related to the high glycemic index of refined or pro-
cessed gluten-free foods [16].

Studies in adults with T1D have shown patients with 
T1D and undiagnosed CD to be at significant risk for mi-
crovascular complications compared to patients with 
T1D alone [20]. In a study of adults with longstanding 
T1D screened for CD, higher prevalence rates of retinop-
athy, nephropathy and neuropathy were found in pa-
tients with positive screening for CD [20]. In another 
large multicenter cohort study of T1D, CD was found to 
be an independent risk factor for the development reti-
nopathy and nephropathy [21]. In a study of patients with 
T1D and CD, duration of CD > 10 years significantly in-
creased risk for retinopathy, while CD patients with poor 
adherence to a GFD predicted early appearance of micro-
albuminuria [22–23]. These studies further support the 
recommendations of screening asymptomatic T1D pa-
tients for CD. 

T1D and CD Show Common Genetic Linkage

Identical twins have an approximate 50% risk for being 
concordant for T1D and a ∼75% risk for being concor-
dant for celiac disorder [2]. First-degree relatives have ap-
proximately 6–8% risk for developing T1D and a 4–10% 
risk for developing CD – rates that are significantly high-
er than the general population of 1% for CD and ∼0.3% 
for T1D [2, 24]. The overall T1D risk for siblings is 6–8%, 
while the risk for children of T1D parents varies, with an 
affected mother estimated at 2–4% risk, while an affected 
father confers a greater risk ∼6–9% [24]. Approximately 
40–60% of the genetic risk for both disorders is due to 
HLA class II antigen-presenting molecules [2, 24]. 

HLA genes are the most highly polymorphic genes in 
the human genome [25]. Cell surface HLA molecules cre-
ate a molecular cleft that is specific for foreign as well as 

Clinical manifestations of celiac disease

Gastrointestinal-classic
• Abdominal pain
• Diarrhea/loose stools
• Abdominal distention
• Nausea/vomiting
• Constipation

Asymptomatic
 common in T1D

Non-gastrointestinal
• Growth problems
 – Underweight
 – Impaired linear growth
• Pubertal delay
• Osteopenia
• Anemia

Fig. 2. Classical gastrointestinal symptoms of celiac disease (CD) 
are well recognized; however, adult and pediatric patients are in-
creasingly presenting with non-gastrointestinal or atypical symp-
toms. Many affected individuals are asymptomatic, especially in 
the type 1 diabetes population.
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self-antigens (Fig. 3). The shape of the binding cleft or 
groove and charges within the groove determine the spec-
ificity of the binding peptides [25]. HLA class II mole-
cules are expressed on the surface of antigen presenting 
cells and present antigens to T cells whose receptors are 
also specific for the same antigen (Fig. 3). For CD, the an-
tigens which bind the molecular groove of the HLA mol-
ecule that ultimately results in enteropathy are a group of 
proteins termed glutens, of which the 33-mer amino acid 
residue of gliadin is particularly pathogenic [26].

The two common HLA haplotypes leading to in-
creased risk for both CD and T1D are DR4-DQ8 and 
DR3-DQ2 [2]. DR4-DQ8 confers increased risk of T1D, 
but heterozygous DR3-DQ2/DR4-DQ8 confers the great-
est risk [2]. DR3-DQ2 confers greater risk for CD than 
DR4-DQ8, and homozygous DR3-DQ2/DR3-DQ2 con-
fers the greatest risk. 95% of patients with CD express 
DR3-DQ2, while the remaining 5% express DR4-DQ8 [7, 

11]. The universal presence of these HLA haplotypes in 
patients with CD can serve as an important genetic screen 
in patients who lack a definitive diagnosis. The absence of 
both DQ2 and DQ8 effectively rules out CD [7, 11].

Additional genes linked to type 1 DM such as INS-
VNTR, CTLA-4, PTPN 22, and up to 40 other loci con-
tribute significant but smaller risk for T1D [24, 25]. How-
ever, increased risk for co-occurrence of T1D and CD was 
seen in children with a family history of T1D, genotypes 
HLA-DR3DQ2/DR4DQ8, HLA-DPB1, RGS1, SH2B3, 
CTLA-4, CCR3/CCR5, and PTPN2 [2]. The majority of 
genes linked to T1D and CD are related to the immune 
system [24, 26].

The high-risk HLA genes for both CD and T1D are 
relatively common in the general population, and the ma-
jority of individuals expressing these genes will never de-
velop CD or T1D [24–27]. In addition, genetic risk alone 
could not account for the rising incidence rates of ∼3% 
per year over the past several decades for T1D and also 
rising incidence of CD [4, 26]. Thus, environmental or 
epigenetic factors are implicated in the pathogenesis of 
both disorders [2–4, 24–27].

The Immunology of T1D and CD

CD is a unique autoimmune disorder in that: (1) the 
primary antigen that incites the disorder is known and (2) 
CD is the only autoimmune disorder that is reversible by 
avoiding the causative antigen in the diet [26]. The mech-
anism of autoimmunity in CD involves antigenic frag-
ments of gluten crossing the small bowel epithelium di-
rectly through a leaky or damaged epithelium or through 
other mechanisms such as transcellular transport [26]. 
Glutens are highly resistant to enzymatic degradation in 
the gut, and high concentrations can accumulate in the 
lumen [26]. Once the antigenic peptides cross the small 
bowel epithelium into the lamina propria, they are im-
munologically activated by the enzyme tissue transgluta-
minase. Deamidation by tissue transglutaminase confers 
unique binding properties that enhance binding to DQ2 
and DQ8 on antigen-presenting cells, which is then rec-
ognized by gluten-specific T cells. An inflammatory reac-
tion may occur depending on the strength of the proin-
flammatory signals (CD4+ T cells) versus the strength of 
the anti-inflammatory response (CD4+CD25+ T regula-
tory cells) [26].

CD4+ T cells produce proinflammatory cytokines 
such as interferon-alpha and IL-17 that promote an in-
flammatory reaction that can stimulate immunologic de-

T-cell receptor
T cell

Dendritic cell

Antigen
Gluten/insulin

HLA-II

The immunological “synapse”
Type 1 diabetes and celiac disease

Fig.  3. Simplified schematic demonstrating the relationship be-
tween human lymphocytic antigens (HLA) with specificity for an-
tigens (gluten or insulin). HLA molecules create a molecular cleft 
that is specific for foreign as well as self-antigens. HLA class II 
molecules are expressed on the surface of antigen presenting cells 
(APC or dendritic cell) and present antigens to T cells whose re-
ceptors are also specific for the same antigen. For celiac disease 
(CD), the antigen responsible for the autoimmune response is a 
group of proteins termed gluten – most commonly a 33-mer ami-
no acid residue of gliadin. The self-antigen(s) responsible for acti-
vating the autoimmune response in type 1 diabetes mellitus 
(T1DM) have not been definitively proven but a likely candidate 
is insulin or proinsulin. For an autoimmune reaction to occur, a 
variety of additional factors such as costimulatory molecules on 
the T cell must be activated in addition to the presence of a proin-
flammatory cytokine environment. An autoimmune reaction to 
self-antigen(s) is referred to as “loss of tolerance.” Studies in the 
NOD mouse model of T1D indicate that initiation of the autoim-
mune reaction occurs in the pancreatic lymph nodes, while in CD 
the autoimmune inflammatory process is occurring in the suben-
dothelial mucosa of the small intestine.
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struction of the small bowel epithelium [26]. Interferon 
can stimulate production of IL-15 from APCs, macro-
phages, and intestinal epithelial cells, and IL-15 is a cen-
tral cytokine in inflammatory reactions. IL-15 promotes 
production of CD8+ T cells and CD8 + intraepithelial 
lymphocytes, which directly attack the small bowel en-
terocytes [26].

The self-antigens responsible for activating the auto-
immune response in T1D have not been definitively iden-
tified but likely candidates are insulin or proinsulin, glu-
tamic acid decarboxylase (GAD), and insulinoma anti-
gen-2 or IA-2 [24]. Less is known about the primary 
antigenic stimulus in T1D because of difficulties in ac-
cessing the pancreatic lymph nodes in humans. However, 
a small but informative study of T cells obtained from the 
pancreatic lymph nodes of 3 patients with T1D showed 
that the insulin peptide fragment A1–15 stimulated T 
cells from 2/3 of patients while GAD antigenic peptides 
did not [28].

The primary location for the initiation of the immune 
response in T1D in the NOD mouse model of T1D is in 
the pancreatic lymph nodes [29]. The pancreatic lymph 
nodes are the site of reaction to self-antigens from the 
pancreas but also to foreign antigens from the gastroin-
testinal tract [29]. Interestingly, studies in the NOD 
mouse show a direct connection between the gut and the 
pancreatic lymph nodes, whereby beta cell-reactive T 
cells in the pancreatic lymph nodes can be influenced by 
perturbations of the integrity of GI tract by agents such as 
indocin [29]. 

It is therefore temping to speculate that alterations of 
the GI mucosa may influence onset of T1D in humans 
and perhaps provide an additional explanation for the 
close association of CD and T1D. Infections and medica-
tions such as aspirin and ibuprofen can alter the integrity 
of the intestinal mucosa [30]. Antipyretic use in children 
genetically at increased risk for T1D in the TEDDY study 
did not show an association with islet autoimmunity, 
however [30]. Moreover, T1D most often precedes CD in 
patients afflicted with both disorders. In a review of 587 
cases of CD and T1D, CD was diagnosed after T1D 93% 
of the time [1].

In addition, the TEDDY study group prospectively ex-
amined the occurrence of islet and tissue transglutamin-
ase (anti-tTG) antibodies as well as clinical disease in a 
birth cohort study of 5,891 children identified to be at 
high genetic risk for both disorders [2]. Islet antibodies 
usually (but not always) preceded the occurrence of anti-
tTG antibodies and the average time to development of 
islet antibodies was 24 months of age and 33 months of 

age for anti-tTG. Occurrence of islet antibodies increased 
the risk for the development of CD antibodies. Co-occur-
rence of both antibodies exceeded the expected rate for 
each disorder independently [2]. Co-occurrence is great-
er than explained by demographics or common genetic 
risk, indicating that shared environmental or pathophys-
iological mechanisms may explain the increased risk [2].

Environmental Factors Implicated in the 
Pathogenesis of T1D and CD

Viruses
Viruses have long been suspected to play a role in the 

etiology of T1D with numerous reports of T1D occurring 
following a viral illness (Fig. 4, 5) [24]. Seasonal variation 
in T1D incidence has also suggested a viral etiology for 
T1D with higher incidence rates in the fall and winter and 
lower incidence in the summer [24]. A large meta-analy-
sis of 24 studies and over 4,000 participants showed an 
almost 10-fold risk of RT-PCR-determined enteroviral 
infections in T1D patients versus controls, while another 
study demonstrated low-grade enterovirus infection of 
the pancreas of 6 newly diagnosed T1D patients and 2 of 
9 controls [31, 32].

A TEDDY study of self-reported respiratory infections 
showed increased risk of islet autoimmunity following 
the common cold, flu-like illnesses, sinusitis, and tra-
cheobronchitis [33]. Greater than 5 infections per 

Genetics and environment

• T1DM and celiac disease strongly linked to common
HLA genes but

• Most people with these same high-risk HLA genes will never
develop T1DM or celiac disease 

• Incidence of T1DM and CD steadily rising implicating:
• Environmental factors linked to autoimmunity
 • Viruses: (T1D)
 • Diet: gluten (CD), probiotics (T1D)
 • Intestinal mucosal leakiness (CD, ?T1D)

Fig. 4. Although high-risk human leukocyte antigens (HLA) DR/
DQ haplotypes have been strongly linked to type 1 diabetes mel-
litus (T1DM) and celiac disease (CD), these haplotypes are rela-
tively common in the general population. In addition, the inci-
dence rates of T1DM and CD have been increasing steadily for 
decades (∼3% per year). Environmental factors such as viruses, 
diet, leakiness of the intestinal mucosa and multiple factors influ-
encing the microbiome have been implicated in the pathogenesis 
of these disorders. 
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9-month period preceded development of islet antibod-
ies; winter illnesses and febrile illnesses were more likely 
to be associated with islet autoimmunity (Fig. 5) [33]. The 
high rate of beta cell antibody seroconversion (46%) when 
> 5 infections were reported could support the “fertile 
field” hypothesis, whereby a proinflammatory cytokine 
milieu or environment created by infectious illnesses is 
conducive to islet cell autoimmunity [33]. This study did 
not specifically show an increase in enteroviral infections 
preceding seroconversion, but the authors point out that 
most enteroviral infections are subclinical and therefore 
probably missed by self-reporting, or clinical symptoms 
were mild and limited to common cold-like symptoms 
[33].

Infant Diet
Early introduction of cow’s milk into the infant’s diet 

had been linked to T1D, with concern that bovine serum 
albumin may act as an antigenic trigger (Fig. 5) [24, 34]. 
However, a large multicenter prospective trial of infants 
at high risk for T1D (TRIGR) was unable to show a pro-
tective effect of infants weaned to either a hydrolyzed ca-
sein formula versus standard cow’s milk formulas [34].

Concern that early introduction of gluten in the infant 
diet may predispose to T1D was addressed by the 
BABYDIET study which found no increase in islet auto-
immunity or T1D when introduction of gluten was de-
layed out to 12 months versus 6 months in the diet of in-
fants at risk for T1D [35]. Development of antibodies to 
tTG with the introduction of gluten at 6 months versus 12 
months was 14 and 4%, respectively, although the differ-
ence was not statistically significant [35]. When this co-
hort was followed for up to 8 years, no difference in devel-
opment of T1D or CD was seen [36]. Recent results from 
The Diabetes Autoimmunity Study in the Young (DAISY) 
was also unable to show an association between gluten in-
take (after 1 year of age) and islet autoimmunity, although 
gluten intake before 4 months of age was associated with 
progression from islet autoimmunity to T1D [37].

Gut Microbiome
The gut microbiome is an area of increasing interest, 

with alterations of the microbiome being linked to a va-
riety of human disorders including autoimmunity [38]. 
Diet, breastfeeding, infections, antibiotics, geographic lo-
cation and method of infant delivery can lead to altera-
tions of the microbiome [4, 26, 38]. There appears to be a 
continuous interplay between resident gut microbes and 
the immune system [38–40]. Interference in this cross 
talk can dramatically alter diabetes risks in the NOD 
mouse model of T1D [40]. A significant influence of the 
microbiome has been shown in the NOD mouse models 
of T1D, including the influence of antibiotics on increas-
ing risk and the protective effect of fecal transplant from 
protected mice to mice at risk [41].

Human studies of the microbiome in children at in-
creased risk for T1D and CD showed subtle but signifi-
cant differences in cases of T1D autoimmunity versus 
controls [42–44]. Increased production of short-chain 
fatty acids appeared to confer a protective effect on T1D 
genetically predisposed infants and children in a large 
prospective study in humans according to study investi-
gators (TEDDY) [44]. Another TEDDY study showed 
that supplementation of the infant diet with probiotics 
before 27 days of age resulted in a 60% reduction in islet 
autoimmunity [45]. 

Conclusion

The interplay between genetic predisposition and 
multiple predisposing environmental factors including 
viral infections, diet, and possibly the microbiome are in-

Environmental factors in T1DM and celiac disease

Diet
• Cow‘s milk in the infant diet
 - (TRIGR Study) – no effect
• Dietary gluten and risk for

T1DM/CD
 – Delayed introduction of gluten

  in the infant diet until 12 months
  offered no protection from T1D
  or CD (BABYDIET)

 – Gluten exposure before 4 months
  of age increased progression
  from autoimmunity to T1D
  (DAISY)

Viruses
• Respiratory infections ↑

risk (TEDDY study) 
 – >5 infections/year, strong

  link with T1D autoimmunity
 – febrile winter illnesses

  particularly increased risk
• Enterovirus infections
 – Human studies: ≈10× ↑

  T1D risk

Fig. 5. Summary of the major large multicenter prospective studies 
examining the role of suspected dietary and infectious etiologies 
for type 1 diabetes (T1D) (and celiac disorder). These studies 
mainly addressed the risk for T1D, but the timing of the introduc-
tion of dietary gluten into the infant diet addressed the risk for both 
T1D and celiac disease (CD). Weaning infants to hydrolyzed in-
fant formula had no protective effect compared to standard cow’s 
milk-based formula (TRIGR). Delaying introduction of gluten un-
til 12 months of age had no protective effect with follow-up of the 
cohort for up to 8 years (BABYDIET). Gluten exposure after 1 year 
had no effect on risk for T1D/CD in the DAISY study, although 
this study did show increased progression from T1D autoimmu-
nity to T1D in infants exposed to gluten before 4 months of age.
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volved in the pathogenesis of CD and T1D. There are like-
ly multiple pathogenic pathways leading to clinical dis-
ease for which the precise sequence of events remains to 
be elucidated.
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