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Abstract

Type 1 diabetes (T1D) and celiac disease (CD) are autoimmune diseases with clinical and
pathogenic overlap. The mean prevalence of CD in patients with T1D is about 8%. Classic
intestinal symptoms of CD may not be present in T1D leading to the recommendation for active
case finding in this higher risk group. Screening is done with sensitive and specific serologies
including tissue transglutaminase (tTG) IgA and deaminated gliadin peptide (DGP) IgA and 1gG.
Positive serologies are confirmed by the presence of villous atrophy and increased intraepithelial
lymphocytes on duodenal biopsy. A strict gluten free diet is recommended, although this can pose
challenges for T1D patients who already have dietary restrictions. In aggregate, it appears as if the
gluten free diet may help T1D management. T1D and CD have overlapping genetic and
environmental risk factors. Among these, non-HLA genetic factors and the gut microbiome are
among recent developments that will be discussed in this review.
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Introduction

Celiac disease (CD) and type 1 diabetes (T1D) are immune-mediated diseases that share
common susceptibility factors notably HLA genetics. Both have increasing incidences
worldwide suggesting that, in addition to genetic factors, environmental factors also play
important roles in disease pathogenesis. Indeed, emerging evidence suggests that factors
such as the gut microbiome and infectious agents among others modulate innate and
adaptive immunity to increase risk of both CD and T1D. CD is a polygenic systemic
immune-mediated enteropathy triggered by dietary gluten characterized by a specific serum
antibody response. T1D is characterized by antibody-mediated destruction of beta cells of
pancreatic islets so that blood glucose levels can no longer be maintained in a physiologic
range without exogenous insulin. Autoimmune conditions such as T1D occur in association
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with CD and screening for CD in T1D is currently advocated. Importantly, our
understanding of one disease informs knowledge and management of the other and vice
versa. Here, we will review overlapping clinical features and diagnostic considerations as
well as highlight current knowledge of common pathogenic features such as genetics,
environmental risk factors and the gut microbiome.

Clinical overlap of T1D and CD

Incidence and Prevalence

T1D and CD have variable incidence and prevalence worldwide [1,2], though overall
incidence of these diseases individually is increasing [1,3]. Due to a common genetic
background and interplay with environmental and immunological factors, patients with T1D
are at high risk of developing other autoimmune disorders. CD is one of the most common
autoimmune disorders occurring in T1D, with estimates varying between 3 and 16% with a
mean prevalence of 8% [4-6] (Table 1). Although the predominance of CD in Caucasians is
well studied, little is known about T1D and CD in the African American population, though
there may be a protective effect in this population due to unknown factors [7].

Clinical Presentation of CD in T1D

Symptoms and signs of CD may become evident at any age through adulthood. In CD (with
or without concomitant T1D), classic symptoms include diarrhea, bloating, weight loss, and
growth failure (in children) (reviewed in [8,9]). CD may also present with non-classical
symptoms or asymptomatically. Non-classical intestinal and extra-intestinal symptoms
include constipation, heartburn, neuropathy and ataxia among others. Clinical signs of CD
including iron-deficiency anemia or low bone density with or without concomitant
symptoms are increasingly common presentations. Individuals with sub-clinical disease,
known as silent CD, are seropositive patients with no gastrointestinal or extra-intestinal
manifestations [10].

In the setting of T1D, the majority of patients do not present with classic CD signs or
symptoms [11-13], though they may have mild gastrointestinal symptoms compared to
diabetes patients without CD [14]. Whether symptomatic or silent, CD in children with T1D
may be accompanied by growth failure and delayed puberty [10,11,17]. In 75-90% of
children, T1D diagnosis usually precedes CD diagnosis with risk of CD being highest in
those <4 years of age [15]. CD diagnosis is usually screen-detected at a median age of 8
years [16].

Diagnosing CD in T1D

The increased prevalence of CD in T1D along with lack of symptoms has prompted the
recommendation to screen T1D patients for CD at diagnosis then annually for the first 4
years and once every 2 years for the following 6 years [18,19]. Screening for CD relies on
highly sensitive and specific serology tests. While antibodies directed against native gliadin
(AGA) have been in use for several decades, there is wide variability in diagnostic accuracy
and they are no longer recommended for screening [20]. Currently, the most sensitive and
specific serologic tests include tissue transglutaminase (tTG) IgA, endomysial (EMA) IgA,
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and deaminated gliadin peptide (DGP) IgA and IgG antibodies. Table 2 summarizes test
characteristics for these CD serologies in general. In T1D, there is emerging evidence that
spontaneous normalization of CD serologies is possible while still on gluten prompting the
suggestion that if tTG is < 3 times the upper limit of normal in T1D patients, repeat testing
and biopsy should be pursued to definitively diagnose CD before initiating the gluten free
diet (GFD) [21].

Small intestinal biopsy remains the gold standard for the diagnosis of CD with at least 5
biopsies obtained from the duodenum producing the highest diagnostic yield [22]. The
hallmark of CD is the presence of an abnormal duodenum characterized by reduced height
of villi giving a flattened appearance, villous atrophy, crypt hyperplasia, and increased
intraepithelial lymphocytes [23]. In children, recent guidelines established specific criteria
by which clinicians may consider forgoing intestinal biopsy: signs or symptoms of CD, tTG
greater than 10 times the upper limit of normal, and positive EMA [19]. Since T1D patients
may not present with typical signs and symptoms, intestinal biopsy should likely be pursued
in the majority of cases. In addition, endoscopists should obtain biopsies from the duodenal
bulb and second portion of the duodenum when performing upper endoscopy for other
indications in T1D patients to assess for histological changes of CD.

Treatment of CD in T1D

The recommendations for treatment of T1D with CD are the same as for all patients with
CD. A strict GFD should be initiated in those with serological and histological evidence of
CD. Patients should meet with a dietician for GFD teaching and should initiate a daily
multivitamin given lack of certain vitamins and minerals in the GFD [24]. Most
symptomatic patients will improve in 2-4 weeks on the GFD, although a portion of patients
have persistent symptoms after 3-6 months referred to as non-responsive CD [25].
Serologies should be checked after 3-4 months and then yearly when normalized.

In patients with both T1D and CD, dietary compliance can be challenging. Indeed,
adherence to the GFD among CD patients with diabetes ranges from 25-78% [16].
Moreover, quality of life may be lower in patients with both diagnoses. A recent study
assessed quality of life in patients diagnosed with both T1D and CD and found lower scores
than in matched patients with T1D alone, especially in respect to social functioning and
general health perception [26]. Treatment of CD may influence the course of T1D. T1D
patients with undiagnosed CD show increased risk of diabetic retinopathy [27] and
nephropathy [28], although this has not been found in all studies. One study found that T1D
with untreated CD had lower body mass index (BMI) and lower HbA1c scores compared to
those without CD [29], although other studies have not found differences in BMI or
glycemic control between T1D with and without CD [30]. Poorly controlled CD and
subsequent weight loss may improve glucose control while adherence to a GFD in CD might
improve nutritional absorption and thereby increase insulin requirements. However,
diminished absorption of nutrients in untreated CD may increase the risk of hypoglycemia in
patients with diabetes [29]. Overall, it appears that following a GFD may be beneficial (or at
least not harmful) in T1D with CD; however, there is substantial heterogeneity in the
literature.
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New insights into pathogenic overlap of T1D and CD

Genetics

CD and T1D share a number of common risk factors including genetics, environment and
immune dysregulation (Figure 1). New developments in several of these areas will be
discussed below.

Both T1D and CD are inherited complex diseases with strong genetic components notably
HLA. Recent genome wide association studies (GWAS) have identified single nucleotide
polymorphisms (SNPs) associated with autoimmune conditions including T1D and CD.
Overlap of genetic variants between T1D and CD (including HLA and non-HLA)
underscores common pathogenic mechanisms and likely explains increased prevalence of
concomitant disease.

HLA, also known as the major histocompatibility complex (MHC), is involved in antigen
presentation to T cells. The HLA region is the most polymorphic observed in the human
genome with thousands of unique allele sequences. The MHC class Il DQ peptides are
associated with both CD and T1D, while MHC class | loci have also been shown to affect
T1D susceptibility but not CD [31,32]. HLA-DQ2 (also known as the haplotype DR3-DQ2)
is found in about 90% of CD and 55% of T1D patients, while HLA-DQ8 is found in about
10% of CD and 70% of T1D patients [33]. In clinical support of the HLA associations,
approximately 33% of HLA-DQ2 homozygous individuals with T1D express tTG
autoantibodies, compared to less than 2% of the T1D patients who lacked DQ2 and DQ8
genotypes [34].

To date, about 40 loci have been associated with T1D (reviewed in [32], while there are 39
loci associated with CD (reviewed in [35]). There are several non-HLA loci that overlap
between T1D and CD [35,36](Table 3). For several of these regions, there are multiple
genes in the region and the causal gene has yet to be identified. The associations between
CD and T1D discovered in GWAS show variable effect sizes and directions of effects.
Moreover, there are likely gene-environment interactions that modulate risk, though these
are yet to be determined. However, it is intriguing that several of these loci harbor genes
related to immunity including IL18RAP, CTLA4, CCR5, IL2, IL21, TAGAP, PRKCQ. Future
studies will help elucidate how these particular loci may increase risk of both T1D and CD.

Overlapping environmental risk factors

Studies in both T1D and CD have found similar types of environmental risk factors such as
infant feeding practices, breast-feeding and exposure to viral infections (reviewed in [37]
and [38] for T1D and CD, respectively). An additional environmental risk factor is the gut
microbiome to be discussed in the following section. Regarding infant feeding practices, it
has been found that in genetically susceptible infants for both T1D [39,40] and CD [41],
early (before 3 months) or late (after 7 months) introduction of cereal is associated with
autoimmune seropositivity. Breast-feeding, especially when continued as cereal is
introduced in the case of CD, appears to be protective for both diseases, although studies are
mixed in their results [42,43]. Finally, infections, especially viruses, appear to increase risk
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of T1D and CD. In T1D, there is data implicating enteroviruses as a specific risk factor
[44,45]. In CD, childhood rotavirus infection has been implicated as a risk factor [46,47].
While studies have not been entirely consistent, it does appear that several common risk
factors increase risk of developing T1D or CD autoimmunity including introduction of
cereals, lack of breast-feeding and viral infections. To what extent these factors predispose
to development of both T1D and CD has yet to be established.

Microbiome in T1D and CD

The ecosystem of gut microbiota, called the microbiome, is among the environmental
factors hypothesized to affect the development of T1D and CD. The gut microbiome is
composed of bacteria that inhabit the human gastrointestinal tract, and it forms complex
interactions with the host. It influences nutrition, prevents colonization by pathogens, and
interacts with host immune regulation and response [48]. There are several proposed
mechanisms to explain this interaction and the increased prevalence of autoimmune diseases
like T1D and CD. The “hygiene hypothesis” attributes the rise in autoimmune diseases to
the reduction in infections in developed nations [49]. The “fertile field hypothesis” suggests
that immune reaction to gut microbes increases the exposure of self-antigens to
inflammation and precipitates formation of self-reactive T cells [50]. The “old friends
hypothesis” explains the rise in immune dysregulatory diseases by implicating the decreased
exposure of innate immune cells to familiar, nonpathogenic organisms [51]. The “perfect
storm hypothesis” states that the combined dysfunction of altered gut microbiota, porous gut
mucosal barriers, and abnormal immune response all lead to development of an autoimmune
phenotype [52]. Testing these hypotheses has been difficult in the past, due to limited
methods for studying the enteric environment.

However, recent advances in 16S rRNA sequencing and metagenomic testing have helped
make gut microbiome studies more feasible and are providing insights into the host-
microbiota interaction [53].

Mouse studies have provided great insights into the role of the microbiome in T1D as well
as CD. In the non-obese diabetic (NOD) mouse and the Biobreeding diabetes-prone (BB-
DP) mouse models T1D, germ free mice still develop T1D independent of bacterial
exposure [54]. Injected bacterial antigens and exposure to particular non-pathogenic
bacterial species provide a protective effect on NOD and BB-DP mice, reducing the rate of
T1D suggesting that underexposure to particular bacteria eliminates an important protective
element in genetically susceptible hosts [54-59]. In contrast, introduction of pathogenic
strains to NOD mice increases markers of intestinal permeability, accelerates development
of insulitis, and ultimately increases the rate of development of T1D [60]. Furthermore, a
recent study showed that NOD mice fed a GFD had significantly different fecal microbiota
than NOD mice on a gluten containing diet. The GFD was associated with a reduced
incidence of hyperglycemia in NOD mice. The protective effect of the GFD, and its
associated microbiome, reversed when gluten was reintroduced into the NOD mouse's diet
[61].

Studies in humans with T1D show differences in the composition of the gut microbiota
compared to healthy controls [62-65]. A Finnish cohort showed an abundance of the phylum
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Bacteroidetes in patients with T1D, as well a significantly greater prevalence of Firmicutes
in healthy controls [63]. This imbalance in Bacteroidetes and Firmicutes has been observed
in another study [65]. Similarly, low abundance of lactate-producing and butyrate-producing
species of bacteria, a paucity of Bifidobacterium, and increased abundance of Bacteroides is
also associated with beta cell autoimmunity in children [64].

Animal models have also been used to help determine the microbiome's role in CD. Similar
to studies in models of T1D, introduction of nonpathogenic, commensal microbes modifies
intestinal inflammatory signaling and response to gliadin [66-68]. In another similarity with
T1D, exposure to pathogenic bacteria increases intestinal permeability, leading to greater
translocation of gliadin fragments into the lamina propria [69]. These studies show that
intestinal flora is capable of altering mucosal immune cell activity in a model of CD. Further
investigation showed supplemental Lactobacillus casei not only modifies inflammatory
signaling, but also induced complete recovery of villous blunting and delayed weight loss in
a mouse model of gliadin-induced villous damage [68]. These results provide further
evidence that the intestinal microbiome has complex effects on the host's immune function
and disease states.

Similar to T1D, there are significant differences in the microbiome between patients with
active CD and healthy controls that are hypothesized to influence the development and
manifestations of the disease [70-77]. Many species of bacteria within the human gut are
capable of utilizing gluten [78]. Patients with active CD have been found to have more
abundant populations of Proteobacteria, Enterobacteriaceae, and Staphylococcaceae, while
also having fewer Firmicutes and Streptococcaceae [70]. Additionally, more pathogenic
bacteria with virulence features are found in the gut of patients with active CD [79]. These
studies suggest that an imbalance of intestinal microbes is correlated with active CD but do
not provide information on causality. It is also not clear that adherence to a GFD changes the
gut microbiome back to a normal composition because studies yielded variable results
[70,72,79].

The exposure of the gut to bacterial elements clearly influences innate and adaptive
immunity [57,58,80-82]. A key study provided clear evidence that the gut microbiome
influences autoimmune diabetes through effects on the innate immune system specifically
the adaptor molecule MyD88 [82]. These investigators found that protection from T1D was
dependent on commensal bacteria low in Firmicutes and Bacteroidetes and rich in
Lactobacillus. Another way in which enteric microbes might modulate host immunity is
through altering the balance of Thl and T helper 17 (Th17) cells (reviewed in [83]). Th17
cells can be induced by exposure to the commensal enteric microbes, segmented filamentous
bacterium and Lactobacillus johnsonii [57,58,80,81]. L. johnsonii exposure in BB-DP mice
induces expression of claudin, an intestinal tight junction protein, and also enhances
differentiation of Th17 cells [57,58]. The duodenal mucosa in CD also produces more
IL-17A from Th17 cells than the mucosa of patients without CD. As well, these Th17 cells
specifically react to gliadin [84]. Enhanced Th17 activity leads to upregulated mucosal
markers of inflammation, and reduced susceptibility to pathogenic bacteria [80]. Future
studies are needed to understand how the microbiome is different in individuals who
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develop multiple autoimmune conditions and if the microbiome could be modulated for
treatment or prevention.

Conclusion

T1D and CD are autoimmune diseases with considerable clinical and pathogenic overlap.
While HLA is a clear common risk factor, additional genetic and environmental factors
likely play important roles in disease initiation. Given increased prevalence of having both
conditions and frequent lack of classic intestinal symptoms, CD screening is currently
recommended. Sensitive and specific serology tests are available, and when positive, should
be confirmed by upper endoscopic biopsies showing villous changes and increased
intraepithelial lymphocytes. A GFD may be challenging for some patients who already have
dietary restrictions; however, it appears as if this diet may provide overall benefit (or at least
no harm) in T1D patients though the data in this area is variable. Emerging evidence
underscores the pathogenic overlap between these two conditions. While HLA susceptibility
has been known as a common risk factor, GWAS have identified a number of non-HLA
genetic risk variants. Environmental factors including introduction of solids, breast-feeding,
viral infections and notably the gut microbiome appear to contribute to risk of developing
both diseases individually. Additional studies are needed to elucidate how these factors
predispose some individuals to getting both conditions.

Compliance with Ethics Guidelines
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Figure 1. Genetics, environment and immune dysregulation are primary risk factorsidentified
for both celiac disease (CD) and type 1 diabetes (T1D)

While HLA DQ2 and 8 are well-known risk factors predisposing to both CD and T1D,
recently performed genome wide association studies (GWAS) have identified a number of
non-HLA genetic factors that are shared by CD and T1D including a number of immune
genes. Environmental risk factors shared by CD and T1D include timing of cereal
introduction, length of breast-feeding as well as viral infections. Recent work is also
elucidating the role of the gut microbiome in both conditions. Finally, immune
dysregulation, both innate and adaptive, are central to CD and T1D pathogenesis. While
common risk factors predispose to CD and T1D individually, it is not yet known how these
risk factors trigger both diseases in a subset of individuals. Therefore, at the present time,
screening for CD in T1D and vice versa is advocated in order to identify those manifesting

both conditions.
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Table 1

Prevalence of CD in Patients with T1D
Study (year) T1DM Cases Country CD Patients, n (%)
Boudraa et al. (1996) [85] 116 children Algeria 19 (16.4)
Peretti et al. (2004) [86] 284 children France 11 (3.4% )*
Mahmud et al. (2005) [87] 158 children USA 11 (7.0)
Frolich-Reiterer et al. (2008) [88] 11,083 children/adolescents ~ Germany/Austria 1238 (11'1)*
Salardi et al. (2008) [89] 331 children Italy 22 (6.6)
Uibo et al. (2010) [90] 271 children/adolescents Estonia 9(3.3)
Fallahi et al. (2010) [91] 96 children Iran 6 (6.3)
Djuric et al. (2010) [92] 121 children/adolescents Serbia 9(7.4)
Bhadada et al. (2011) [93] 189 children/young adults India 21(11.1)
Hanukoglu et al. (2003) [94] 109 children Israel 9(8.3)
Sari et al. (2010) [95] 48 children Turkey 3(6.3)

(Modified from Volta et al [6])

*
Diagnosis made by serologic antibody testing only
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Table 3

Overlapping GWAS regions between T1D and CD

Chromosome  Genesin region [reference]
1 RGS1[97]
2 IL18RAP [97]
CD26, CTLA4, ICOS[35,97]
3 CCR5 [35]
4 I1L2, 1L21[35]
6 BACH2[35]
TAGAP [97]
10 PIKFB3, PRKCQ [35]
12 SH2B3, ATXN2 [35]
18 PTPN2[35, 95]
20 UBASH3A[35]

Curr Diab Rep. Author manuscript; available in PMC 2015 August 01.

Page 16



