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a b s t r a C t

type 1 diabetes mellitus (t1dM) results from autoimmune 
destruction of insulin-producing β cells and is characterised 
by the presence of insulitis and β-cell autoantibodies. 
up to one third of patients develop an autoimmune 
polyglandular syndrome. fifteen to 30% of t1dM subjects 
have autoimmune thyroid disease (hashimoto’s or graves’ 
disease), 5 to 10% are diagnosed with autoimmune gastritis 
and/or pernicious anaemia (aig/pa), 4 to 9% present 
with coeliac disease (Cd), 0.5% have addison’s disease 
(ad), and 2 to 10% show vitiligo. these diseases are 
characterised by the presence of autoantibodies against 
thyroid peroxidase (for hashimoto’s thyroiditis), tsh 
receptor (for graves’ disease), parietal cell or intrinsic 
factor (for aig/pa), tissue transglutaminase (for Cd), 
and 21-hydroxylase (for ad). early detection of antibodies 
and latent organ-specific dysfunction is advocated to alert 
physicians to take appropriate action in order to prevent 
full-blown disease. 
hashimoto’s hypothyroidism may cause weight gain, 
hyperlipidaemia, goitre, and may affect diabetes control, 
menses, and pregnancy outcome. in contrast, graves’ 
hyperthyroidism may induce weight loss, atrial fibrillation, 
heat intolerance, and ophthalmopathy. autoimmune 
gastritis may manifest via iron deficiency or vitamin b12 
deficiency anaemia with fatigue and painful neuropathy. 
Clinical features of coeliac disease include abdominal 
discomfort, growth abnormalities, infertility, low bone 
mineralisation, and iron deficiency anaemia. adrenal 
insufficiency may cause vomiting, anorexia, hypoglycaemia, 
malaise, fatigue, muscular weakness, hyperkalaemia, 
hypotension, and generalised hyperpigmentation.
here we will review prevalence, pathogenetic factors, 
clinical features, and suggestions for screening, follow-up 
and treatment of patients with t1dM and/or autoimmune 
polyglandular syndrome. 
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i n t r o d u C t i o n

Type 1 diabetes mellitus (T1DM), arising through a complex 
interaction of immune, genetic and environmental factors, 
results from autoimmune destruction of insulin-producing 
β cells. T1DM is characterised by the appearance of 
insulitis and the presence of β-cell autoantibodies.1 In up to 
one third of patients the autoimmune attack is not limited 
to β cells, but expands into an autoimmune polyglandular 
syndrome.2-8 Of type 1 diabetic subjects, 15 to 30% have 
autoimmune thyroid disease (Hashimoto’s or Graves’ 
disease), 5 to 10% are diagnosed with autoimmune gastritis 
and/or pernicious anaemia (AIG/PA), 4 to 9% present with 
coeliac disease (CD), 0.5% have Addison’s disease (AD), 
and 2 to 10% show vitiligo (table 1).2-8

In this clinical review we will discuss prevalence, 
predisposing factors (age, immune, genetic, 
environmental), clinical presentation, and suggestions for 
screening, follow-up and treatment of patients with type 1 
diabetes and/or autoimmune polyglandular syndrome. 

a u t o i M M u n i t y

Organ-specific autoimmunity is frequent in T1DM subjects. 
This might be due to the fact that these patients show multiple 
immunological abnormalities. These include an imbalance 
in B and T lymphocytes, or an increased tendency to react 
strongly against certain antigens or a (genetically determined) 
poor ability to develop tolerance to autoantigens.1,6 Individuals 
with one autoimmune disease are known to be at increased 
risk for other autoimmune processes.3
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Most of the autoimmune endocrine disorders appear initially 
as infiltration of the gland by lymphocytes and macrophages. 
This may lead to destruction and atrophy of the gland with 
deficiency of its hormone. The destructive process is presumed 
to be T-cell mediated. Antibodies to certain antigens of the 
gland, mostly intracellular enzymes, appear in the blood. These 
include thyroid peroxidase (for Hashimoto’s thyroiditis), thyroid 
stimulating hormone (TSH) receptor (for Graves’ disease), 
parietal cell or intrinsic factor (for autoimmune gastritis/
pernicious anaemia), endomysial or tissue transglutaminase 
(for CD), and 21-hydroxylase antibodies (for AD).2-8 The role 
of such antibodies remains unclear, but they are important as 
diagnostic messengers and appear commonly before clinical 
hormone deficiency. Thus screening for these antibodies 
allows early detection and the potential to prevent significant 
morbidity related to unrecognised disease. However, the 
frequency of screening for and follow-up of patients with 
positive autoantibodies remain controversial. 

There are several direct links between genetics and 
autoimmune disease: the developmental maturation of T 
cells in a genetically susceptible individual occurs through 
molecular interactions between the T-cell receptor and the 
HLA-antigen complex. Selection of T cells with receptors 
likely to contribute to autoreactivity may preferentially occur 
in the context of specific HLA-DQ alleles that are prone to 
diabetes, autoimmune thyroid disease, AD, CD, and other 
auto-immune diseases.3,9-12 Indeed, disease-prone HLA 
molecules may be ineffective at binding and presenting 
peptides derived from tissue-specific antigens, and such a 
poor presentation in the thymus could impair mechanisms 
of negative selection allowing autoreactive T cells to survive 
the passage through the thymus. Subsequent activation of 
these T cells in the context of recognising islet-associated 
antigens can trigger a poorly regulated immune response 
that results in progressive tissue destruction. 

Other important genetic factors include the cytotoxic 
T lymphocyte-associated antigen-4 (CTLA-4), the MHC 
I-related gene A (MIC-A) and the protein tyrosine 
phosphatase nonreceptor type 22 (PTPN22).11-14 The 
CTLA-4, being expressed on activated CD4+ and CD8+ 
T-cell membranes, inhibits T-cell activation by binding 
costimulatory molecules. Polymorphisms within the 
CTLA-4 gene have been associated with T1DM and 
autoimmune thyroid disease, particularly the CT60 A/A 
polymorphism, and with Addison’s disease.13,14 The MIC-A 
protein is expressed in the thymus and is thought to 
interact with a receptor, NKG2D, which may be important 
for thymic maturation of T cells.15 NKG2D regulates the 
priming of human naive CD8+ T cells, providing a possible 
explanation for the association with autoimmune diseases.16 
MIC-A polymorphisms have also been linked to T1DM, 
(the 5 allele and 5.1 allele),17 coeliac disease (allele 4 and 
5.1),18,19 and Addison’s disease (allele 5.1).20 The PTPN22 
gene is expressed in T cells, encoding for lymphoid tyrosine 
phosphatase (LYP). A specific polymorphism at position 
620 (Arg → Trp) may decrease that ability of LYP to interact 
with its target molecules and down-regulate T-cell receptor 
signalling.21,22 This has been observed in Graves’ disease 
and weakly in Addison’s disease.23

a u t o i M M u n e  p o l y g l a n d u l a r 
s y n d r o M e s

In 1866, Ogle was the first to describe the association 
between diabetes mellitus and Addison’s disease. 
However, the adrenal insufficiency in this case was due to 
tuberculosis. In 1910, Parkinson first described a patient 
with coexisting diabetes and pernicious anaemia. In 1926, 
Schmidt reported two cases of Addison’s disease associated 
with lymphocytic thyroiditis.24 In 1931, Rowntree and Snell 

table 1. Prevalence of organ-specified autoantibodies and autoimmune diseases

disease or ab general population type 1 diabetes mellitus Coeliac disease addison’s hypothyroidism

Type 1 diabetes mellitus 
anti-islet AB

2-3% 
1-3%

xxx 
85-90%

12-14% 4%

Coeliac  
transglutaminase AB

0.5% 
0.5-1%

1-8% 
8-12%

xxx 
99%

5% 4%

Addison’s 
21-hydroxylase AB

0.005% 
0-0.6%

0.5% 
0.7-3%

xxx 
83-90%

Hypothyroidism 5-9% 30% 3-12% 14-21% xxx

aTPO 2-10% in adults 
1-4% in children

15-30% in adults 
5-22% in children

18% 23-40% 47-83%

Graves’  
TSH receptor AB

0.1-2% 
?

6-10% 
?

10-20%

Pernicious anaemia/  
autoimmune gastritis

2% for AIG  
0.15-1% for PCA

5-10% for AIG  
2-4% for PCA

6% 2%PCA 2.5 - 12% 15-25% in adults 
10-15% in children

ab = antibody; aig = autoimmune gastritis; pCa = parietal cell antibodies; t1dM = type 1 diabetes mellitus.
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described the unprecedented findings of an association 
between Addison’s disease, Graves’ disease and T1DM. 
A year later Gowen reported the first case of Addison’s 
disease, Hashimoto’s thyroiditis and T1DM. 
The presentation of these autoimmune diseases as 
associated disorders led to the definition and classification 
of autoimmune polyendocrine syndromes I and II, by 
Neufeld, Maclaren and Blizzard in 1980.25 Both are 
associated with type 1 diabetes in about 20% of cases.3 
The autoimmune polyendocrine syndrome I (APS-I), 
also known as autoimmune polyendocrinopathy, 
candidiasis, and ectodermal dysplasia (APECED), is a rare 
polyendocrine autoimmune disease caused by mutations of 
the autoimmune regulator gene (AIRE).3,26 It is inherited 
in an autosomal recessive manner. APS-I is defined by 
the presence of two or three of the following components: 
mucocutaneous candidiasis, adrenal insufficiency and/
or hypoparathyroidism. It usually manifests in infancy at 
age 3 to 5 years or in early adolescence. The female-to-male 
ratio varies between 0.8/1 and 2.4/1. The autoimmune 
polyendocrine syndrome II (APS-II) is defined as the 
association of an autoimmune endocrine disorder with an 
additional autoimmune disease but not meeting criteria for 
APS-I and not having an identified mutation of the AIRE 
gene. APS-II is a complex polygenic disorder. By definition, 
patients with T1DM and an additional autoimmune disease 
meet the criteria for APS-II. In the majority of T1DM 
patients, the associated autoimmune disease follows the 
onset of diabetes. The prevalence of APS-II is 1/20,000 
with a female preponderance (male/female ratio = 1/3). 
This syndrome has a peak incidence between the ages of 
20 and 60 years, mostly in the third or fourth decade.

t y p e  1  d i a b e t e s

T1DM is a T-cell mediated autoimmune disease that 
develops in genetically susceptible individuals and results 
in destruction of insulin-producing β cells.1,27 Several lines 
of evidence support the autoimmune nature of the β-cell 
destructive process:

Infiltration of the pancreatic islets by lymphocytes and • 
macrophages (insulitis);28

Presence of autoantibodies to islet cell antigens (ICA), • 
tyrosine phosphatase IA-2 (IA2A), glutamic acid 
decarboxylase-65 (GADA), insulin (IAA), and zinc 
transporter ZnT8 (Slc30A8);1,27,29 
A preferential occurrence of T1DM in persons carrying • 
specific allelic combinations at immune response loci 
within the HLA gene complex;9

Increased prevalence of organ-specific autoimmune • 
disorders in T1DM;2-8

The disease can be transferred by spleen or bone • 
marrow cells;30

Animal models of T1DM (NOD mouse, BB rat) that • 
show a defect in immunoregulation contributing to the 
onset of disease.

One or more β-cell autoantibodies are present in 
approximately 90% of new-onset patients with type 1 
diabetes.27 They appear to develop sequentially. Insulin 
autoantibodies are often the first expressed, especially 
in younger children.31-33 GADA positivity is suggested to 
represent a propensity for general autoimmunity, while 
IA2A positivity may be a more specific marker of β-cell 
destruction.4,34 Beta-cell autoantibodies also represent 
important preclinical markers of the disease as they may 
be present for years before the diagnosis of diabetes.33,35 
The risk of diabetes for a first-degree relative depends 
on the number and type of antibodies that are present. 
Family members who express IAA, GADA and IA2A 
have a 75% risk of developing T1DM within the next five 
years, as compared with a 10 to 25% five-year risk in those 
expressing only one of the antibodies. Data from the 
Belgian Diabetes Registry show a five-year risk for T1DM 
of 34% in subjects positive for ≥3 antibodies. Progression to 
diabetes amounted to 12% within five years among siblings 
positive for IAA, 20% for ICA, 19% for GADA but 59% for 
IA-2A. IA-2A were detected in 1.7% of all siblings and in 
56% of the prediabetic subjects on first sampling.36

Among genes associated with T1DM, the HLA gene 
complex on chromosome 6p21 (IDDM1) is the genetic 
factor with the strongest association.37 The IDDM2 gene 
located on chromosome 11p15 in the upstream region of 
the insulin gene also confers susceptibility to T1DM.38,39 
IDDM1 and IDDM2 are estimated to contribute to about 
40 to 50% and 10%, respectively, of familial clustering of 
type 1 diabetes.40 Multiple additional genes also contribute 
to diabetes susceptibility. One of these is IDDM12 on 
chromosome 2q33, which contains two autoimmune 
disease candidate genes: CTLA-4 (cytotoxic T-lymphocyte-
associated protein 4) and CD28, encoding for T-cell 
receptors involved in controlling T-cell proliferation.41 
Other important genes include the MHC I-related gene A 
(MIC-A) and the protein tyrosine phosphatase nonreceptor 
type 22 (PTPN22),11 as discussed above.
Ninety percent of Caucasian T1DM patients express the 
HLA DR3 and/or DR4 alleles. These HLA alleles are 
expressed in 40% of the general white population.37,42 
Expression of HLA DR2 is decreased in persons with 
diabetes. Certain combinations of HLA alleles are found 
with a frequency greater than expected and are thus not 
randomly distributed within the general population. 
This phenomenon is called linkage disequilibrium. 
Particularly, HLA DQA1*0301-DQB1*0302 (in linkage 
disequilibrium with DR4) and DQA1*0501-B1*0201 (in 
linkage disequilibrium with DR3) haplotypes confer a high 
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diabetogenic risk.43-45 The absolute risk of a child with this 
DR3/DR4 genotype developing T1DM from the general 
population is similar to a first-degree relative of a T1DM 
patient (1 in 20). DQB1*0602 and DQA1*0102 alleles are 
associated with dominant protection. 

The Eisenbarth model of T1DM as a chronic autoimmune 
disorder begins with environmental triggers in genetically 
susceptible persons, progressing to autoimmunity with 
appearance of β-cell antibodies, further evolving towards 
metabolic dysregulation with loss of first-phase insulin 
response (FPIR), increasing HbA1c within the normal 
range, impaired fasting glycaemia (IFG) or impaired 
glucose tolerance (IGT), and finally resulting in overt 
diabetes and loss of C-peptide.11

The first-phase insulin response (FPIR) measured by iv 
glucose tolerance testing is the sum of insulin levels the 
first and third minute after administration of an iv glucose 
load. Many subjects with T1DM had a low FPIR before the 
diagnosis of diabetes, and this may persist for years before 
clinical disease onset.46,47 These data suggest that subjects 
go through a phase of decreasing β-cell mass. The exact 
β-cell mass at diagnosis is poorly defined. For patients 
with long-term type 1 diabetes, it is usually decreased to 
less than 1% of normal.48 Data from the Belgian Diabetes 
Registry demonstrate that residual β-cell function can also 
be analysed according to the measurement of C-peptide 
release as induced by a hyperglycaemic clamp procedure.49 
Low first phase C-peptide response specifically predicts 
impending diabetes while a low second phase response 
probably reflects an earlier disease stage. Clamp-derived 
parameters may improve selection and monitoring of 
first-degree relatives in future prevention trials.50

A typical de novo type 1 diabetes patient presents with 
hyperglycaemia and polyuria, polydipsia and weight loss. 
Ketoacidosis is common. We suggest to verify autoantibody 
status at the moment of diagnosis of type 1 diabetes.
The association between T1DM and organ-specific 
autoimmune disease can be explained by sharing a 
common genetic background (HLA antigens), but also by 
a defective immunoregulation.

a u t o i M M u n e  t h y r o i d  d i s e a s e 

Autoimmune thyroid diseases (AITD) include Hashimoto’s 
thyroiditis and Graves’ disease. Hashimoto’s thyroiditis, 
first described in 1912,51 is the most prevalent autoimmune 
disease associated with T1DM.51 Hashimoto’s thyroiditis 
is defined by the presence of thyroid peroxidase (TPO) or 
thyroglobulin antibodies, and elevated TSH concentrations 
in the absence of medications.52 Although many subjects 
with Hashimoto’s thyroiditis are hypothyroid, there is 
a subgroup of thyroid autoantibody-positive cases who 

are euthyroid. It may take years for those subjects to 
develop thyroid disease. The 20-year follow-up study of 
the Whickham cohort demonstrates that TPO antibodies 
are predictive of thyroid failure with an annual incidence 
of 4.3% in subjects with an initial elevated TSH level (>5.0 
µU/ml). TSH is also predictive of thyroid failure. At a TSH 
level of 5 µU/ml the probability of hypothyroidism is 0.5% 
per year. Higher initial serum TSH or thyroid antibody 
concentrations predicted higher rates of progression.53

Thyroid peroxidase antibodies (aTPO) are present in 15 
to 30% of adults and in 5 to 22% of children with type 1 
diabetes, compared with 2 to 10% and 1 to 4%, respectively, 
in matched controls (table 1).4,6-8,54-56 The prevalence of 
subclinical hypothyroidism in type 1 diabetic patients 
is estimated at 13 to 20%,4,7,8,54 compared with 3 to 6% 
in a nondiabetic population, with a preponderance for 
older female patients.53 Up to 50% of TPO-antibody-
positive T1DM patients progress to overt autoimmune 
thyroid disease. Conversely, 2.3% of children with AITD 
have islet cell antibodies compared with 0% of controls. 
Cross-sectional analysis has shown that hypothyroidism is 
present in 4 to 18% of subjects with T1DM.4,56-58 Long-term 
follow-up suggests that as many as 30% of patients with 
T1DM will develop AITD.59 T1DM subjects with GADA 
positivity, in contrast to IA2A-positive patients, are more 
prone to have aTPO.4,60 The association of GADA with 
thyrogastric antibodies might be explained by the fact 
that GAD-65 is not exclusively present in the brain and 
pancreas but can also be found in the thyroid gland and 
stomach.60 T1DM patients with persisting ICA positivity for 
more than three years or with GADA+ are at increased risk 
of thyrogastric autoimmunity.8,61,62 Other factors such as 
age, diabetes duration, and gender (female preponderance) 
influence the link between T1DM and AITD. 
At-risk haplotypes for Hashimoto’s thyroiditis are the HLA 
DQA1*0301 (linked to DR4), DQB1*0301 (linked to DR5) 
and DQB1*0201 (linked to DR3).10,65 The HLA haplotype 
DR3-DQB1*0201 contributes to the genetic susceptibility 
to T1DM, AITD and autoimmune polyglandular syndrome 
II. Other loci (VNTR and CTLA-4) may also contribute to 
the clustering and may influence disease phenotype and 
severity, as discussed above. 
A symmetric, painless goitre is usually the first presentation 
in Hashimoto’s thyroiditis, although about 10% of patients 
have atrophic thyroid glands. Treatment of hypothyroidism 
is important because the decrease in basal metabolism 
may cause weight gain, hyperlipidaemia, atherosclerotic 
heart disease, goitre, and may affect diabetes control, 
growth, menses, and increase the risk of adverse pregnancy 
outcome. Even more, the presence of autoantibodies may 
be associated with an increased likelihood of spontaneous 
abortion, even in the absence of overt disease. Although 
thyroid lymphoma is very rare, the risk of this disease is 
increased 67-fold in patients with Hashimoto’s thyroiditis. 
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Treatment of Hashimoto’s hypothyroidism consists of 
suppletion of levothyroxine sodium. The goal of replacement 
therapy is to normalise serum TSH levels.52

Current recommendations from the American Diabetes 
Association are to screen T1DM patients for dysthyroidism 
using TSH after stabilisation at onset of diabetes, or in case 
of symptoms of hypothyroidism or hyperthyroidism, and 
every one to two years thereafter.66 Since patients who are 
TPO-antibody positive have an 18-fold increased risk of 
developing thyroid disease compared with patients who are 
TPO-antibody negative, we and others suggests to screen 
T1DM patients using TPO autoantibodies, TSH and T4 
levels at onset of T1DM and yearly thereafter.2

Autoimmune hyperthyroidism is less common. Robert 
Graves first identified the association of goitre, palpitations, 
and exophthalmos in 1835, although Caleb Parry had 
published details of a case ten years earlier.65 Graves’ 
hyperthyroidism is caused by thyroid stimulating 
antibodies that bind to and activate the TSH receptor on 
thyroid cells (TSH-receptor antibodies).66 These antibodies 
not only cause hypersecretion of thyroid hormone, but 
also promote hypertrophy and hyperplasia of thyroid 
follicles, resulting in a goitre. Graves’ disease shares many 
immunological features with Hashimoto’s thyroiditis, 
including high serum concentrations of antibodies against 
thyroglobulin and thyroid peroxidase. Thyroid function 
tests reveal a suppressed TSH level, elevated levels of 
serum T4 and T3, and positive TSH receptor antibodies.66

Graves’ disease affects approximately 0.5% of the general 
population and is the underlying cause of 50 to 80% of 
cases of hyperthyroidism.66 Subclinical hyperthyroidism 
can be diagnosed in 6 to 10% of T1DM patients, compared 
with 0.1 to 2% in the nondiabetic population (table 1).4,58,59 
The incidence of overt hyperthyroidism in persons with a 
suppressed serum TSH is calculated at 2 to 4% per year. 
Women are five to ten times more at risk of developing 
Graves’ disease than men. Stress may trigger the disease. 
At-risk haplotypes for Graves’ disease are DQA1*0501 (linked 
to DR3 and to DR5), and DQB1*0302 (linked to DR4).67,68

The severity and duration of Graves’ disease and the age of 
the patient determine the manifestations of hyperthyroidism: 
nervousness, emotional lability, disturbed sleep, fatigue, 
palpitations and atrial fibrillation, heat intolerance, weight 
loss, and Graves’ ophthalmopathy.66 Among patients 
treated with insulin for diabetes, hyperthyroidism increases 
insulin requirements. Hyperthyroidism may aggravate 
glucose intolerance by multiple mechanisms, which include 
increased hexose intestinal absorption, increased glucose 
production (gluconeogenesis and glycogenolysis), and 
decreased responsiveness to insulin. 
Current treatment of Graves’ hyperthyroidism consists 
of antithyroid drugs (propylthiouracil or methimazole), 
radioactive iodine, and surgery. Antithyroid drugs are 

effective in controlling hyperthyroidism because they 
inhibit thyroid hormone production and may have an 
immunosuppressive effect, causing a decrease in the 
levels of TSH receptor antibodies. No consensus exists 
regarding the treatment of subclinical hyperthyroidism 
despite arguments suggesting that therapy with antithyroid 
drugs may be indicated to prevent atrial fibrillation in older 
subjects.69 
We screen T1DM patients for dysthyroidism on an 
annual basis, using TSH, T4 and TPO levels. In case of a 
suppressed TSH level, TSH receptor antibodies are looked 
for. General guidelines based on expert opinion for the 
management of hyperthyroidism have been published by 
both the American Thyroid Association and the American 
Association of Clinical Endocrinologists.70,71

C o e l i a C  d i s e a s e 

Coeliac disease (CD) is defined as a pertinent intolerance 
to dietary gluten. In 1888, Samuel Gee first described 
the clinical features of coeliac sprue.72 Dicke observed 
that the ingestion of certain cereal grains, including 
wheat and rye, was harmful to children with coeliac 
disease and demonstrated that the alcohol-soluble, or 
gliadin, component of the water-insoluble protein, or 
gluten, moiety of wheat produced fat malabsorption 
in patients with coeliac disease.73 CD results from a 
T-lymphocyte-driven autodestructive process within the 
gastrointestinal mucosa as response to certain dietary 
cereals.74,75 CD is characterised by inflammation, villous 
atrophy and crypt hyperplasia of the small bowel mucosa. 
These mucosal lesions recover when gluten is withdrawn 
from the diet. Diagnosis is made by biopsy of the mucosa 
of the proximal small intestine. Presence of circulating 
antibodies against gliadin (AGA), endomysium (EmA) 
and tissue transglutaminase (tTGA) further support 
diagnosis.76 These antibodies ultimately disappear in most 
patients with coeliac disease who follow a gluten-free diet.
Susceptibility to coeliac disease is determined to a 
significant extent by genetic factors localised within 
the HLA region. Approximately 90% of coeliac disease 
patients share the HLA DR3/DQ2 configuration.77 
A weak association between EmA-IgA and 
HLADQA1*0501-DQB1*0201 has been reported.4 The 
prevalence of tTGA has been reported to be as high as 32% 
in HLA DQ2 homozygous T1DM patients, as compared 
with 2% in patients without HLA DQ2 or DQ8.78 The 
prevalence of HLA DQ2 in the population is 20 to 30% and 
only a minority of these will ever develop coeliac disease. 
This implies the involvement of additional, non-HLA 
linked, genes in the pathogenesis of coeliac disease. MIC-A 
polymorphisms have been linked to celiac disease, as 
described above. 
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The coexistence of T1DM and CD could be explained 
by the sharing a common genetic factor in the HLA 
region,18,19 or by molecular mimicry by which gliadin 
or tissue transglutaminase activates T cells that are 
cross-reactive with various autoantigens. During active 
β-cell destruction, transglutaminase C, which is expressed 
in pancreatic islets, might be presented in an immunogenic 
form. In view of the high frequency of coeliac disease in 
patients with the HLA DQA1*0501-DQB1*0201 haplotype, 
this presentation may be facilitated by these alleles. 
Such inflammatory responses may have the capacity to 
persist in genetically susceptible hosts and lead to chronic 
organ-specific autoimmune disease.79 Furthermore, it has 
been suggested that in the development of autoimmunity 
in T1DM, the failure to achieve tolerance to autoantigens 
derives from the gut.80 
The prevalence of coeliac disease in Western countries is 
estimated at about 0.5%.74,75,81 It ranges between 1 to 8% 
in patients with T1DM (table 1).4,74,82-87 The coexistence 
of T1DM and CD was first described by Walker-Smith in 
1969.88 About 5% of patients with CD have autoimmune 
thyroid disease.74 Conversely, up to 2 to 4% of patients 
with autoimmune thyroid disease are affected by coeliac 
disease.
Clinical features of coeliac disease may be subtle and 
include mild abdominal discomfort and bloating, weight 
loss, fatigue, but also growth abnormalities mimicking 
constitutional growth delay, infertility, recurrent aphtous 
stomatitis, low bone mineralisation and hypocalcaemia 
with vitamin D deficiency and compensatory hyperpara-
thyroidism, and rarely enteropathy-associated T-cell 
lymphoma.74,75,89-91 Iron or folic acid deficiency with or 
without anaemia is the most common laboratory finding. 
Hypoglycaemia and a reduction of insulin requirements 
may indicate the presence of coeliac disease in type 1 
diabetes.82,92 Some report no effect,84,93 whereas others 
report improved control with less hypoglycaemic episodes 
92,94 after gluten-free diet.
Coeliac disease is considered sufficiently prevalent and the 
benefits of diagnosis and treatment by gluten withdrawal 
are such that it is advocated to screen all T1DM patients 
for this disorder.82,83 When serological screening is used, 
most cases of CD will be detected within one year after 
onset of T1DM.85 Current (ADA) recommendations for 
screening subjects with T1DM are to obtain autoantibodies 
at diagnosis and with symptoms of CD.64 Barker et 

al. propose measuring tTGA autoantibodies every two 
years.2 When positive, subjects should have a small 
intestinal biopsy to confirm diagnosis. Others advocate 
that serological screening for coeliac disease in T1DM 
should be carried out every fifth year due to the possibility 
of latent coeliac disease, but prospective studies are lacking 
to substantiate this policy.85 At this moment there remains 
controversy as to whether asymptomatic coeliac disease - 

when detected - should be treated with a gluten-free diet. 
Large clinical trials are needed to address this question. 
We suggest to test at onset of T1DM and then yearly for 
three years, and five yearly thereafter, or at any other time 
if there are clinical indications, because the test may later 
become positive. 

a u t o i M M u n e  g a s t r i t i s 

In 1849, Thomas Addison was the first to report a patient 
with autoimmune atrophic gastritis.95 He described a 
‘very remarkable form of anaemia’, which was later called 
pernicious anaemia that was linked to atrophy of the 
gastric mucosa. Autoimmune gastritis is characterised 
by atrophy of corpus and fundus mucosa, and presence of 
circulating autoantibodies to the parietal cell (PCA) and 
to their secretory product, intrinsic factor (AIF). PCA and 
AIF are present in 60 to 85% and 30 to 50% of patients, 
respectively.96,97 The prevalence of PCA positivity increases 
with age: from 2.5% in the third decade to 12% in the 
eighth decade in the general population.98,99 In T1DM 
patients, PCA are found in 10 to 15% of children and in 15 
to 25% of adults (table 1).4,6-8,100

Chronic autoaggression to the gastric proton pump, H+/
K+ ATPase, may result in decreased gastric acid secretion, 
hypergastrinaemia, and iron deficiency anaemia.101,102 In a 
later stage of the disease, pernicious anaemia results from 
vitamin B12 deficiency, which is ten times more common 
in type 1 diabetic than nondiabetic subjects. Finally, in up 
to 10% of patients, autoimmune gastritis may predispose to 
gastric carcinoid tumours or adenocarcinomas.103,104

Endoscopic features of AIG include a shiny and red 
mucosa, a thin stomach wall and flattened or absent rugal 
folds. In biopsy specimens, lymphocytic infiltrates are 
present in the submucosa and lamina propria. In the next 
stage, intestinal metaplasia or enterochromaffin-like cell 
hyperplasia can be seen. 
Autoimmune gastritis (AIG) and pernicious anaemia 
(PA) are common autoimmune diseases with respective 
prevalences of 2% and 0.15 to 1%, in the general population, 
increasing with age.98-100 In patients with T1DM the 
prevalence is three to fivefold increased with respective 
frequencies of 5 to 10% and 2 to 4%.100,104 Pernicious 
anaemia occurs in 2 to 12% of patients with autoimmune 
thyroid disease,105,106 in 6% of those with Addison’s disease, 
in 9% of those with primary hypoparathyroidism, and in 3 
to 8% of those with vitiligo (table 1).96 AIG/PA is also part 
of the autoimmune polyglandular syndrome (APS).3 Iron 
deficiency anaemia is present in 20 to 40% of patients with 
autoimmune gastritis,101,102 whereas pernicious anaemia 
can be diagnosed in up to 15 to 25% of patients.96,97 The 
progression of AIG to pernicious anaemia is likely to 
span 20 to 30 years. Finally, gastric carcinoid tumours are 
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observed in 4 to 9% of patients with AIG/PA, which is 13 
times more frequent than in controls.103,104 Patients with 
AIG/PA also have a three to sixfold increased gastric cancer 
risk, ranging from 0.9 to 9%.103,107 

A genetic predisposition to AIG/PA has been suggested 
by its familial occurrence.108 However, the link between 
AIG/PA and particular HLA haplo/genotypes is weak. In 
T1DM patients, a weak association between PCA positivity 
and the HLA DQA1*0501-B1*0301 haplotype, linked to 
HLA-DR5, has been observed.62 Patients who manifest 
both pernicious anaemia and endocrine disease often 
have a DR3/DR4 genotype.109 In mouse models, four 
distinct genetic regions that confer genetic susceptibility 
to autoimmune gastritis have been identified (Gasa1-4).110 
Three of these four susceptibility loci are nonmajor 
histocompatibility complex genes that colocalise with those 
of T1DM.111,112 This is the strongest concordance identified 
between any two autoimmune diseases so far. In patients 
with T1DM, immunological risk factors that have been 
associated with PCA-positivity include persistent ICA 
positivity,4,7,8 GADA positivity,4,62 and aTPO positivity.4,62 
The association with GADA might be explained by the 
fact that GAD-65 is not only present in the pancreas 
and brain but can also be found in the thyroid gland 
and stomach. PCA are more frequent in type 1 diabetic 
patients than in their first-degree relatives, even after HLA 
matching, suggesting that the diabetic condition itself 
plays an important role.108 No gender associations were 
found for PCA. Up to 50% of patients with autoimmune 
gastritis have aTPOs.106,108 These results support the 
recommendation of screening patients with autoimmune 
thyroid disease for AIG. 
Clinical presentation varies widely. Iron deficiency anaemia 
presents as a hypochromic microcytic anaemia. Symptoms 
include pallor, fatigue and reduced exercise performance. 
Patients with pernicious anaemia present with a macrocytic 
anaemia and a low vitamin B12 which may lead to a painful 
neuropathy.96 
Early detection of PCA, AIG and associated pathology 
is important, not only for prevention of iron deficiency 
anaemia, but also for prevention of pernicious anaemia 
which may cause neurological damage and may lead to 
(pre)malignant gastric lesions. No clear guidelines for 
the management are available, but we suggest to examine 
gastrin, iron, vitamin B12 levels and perform a complete 
blood count at yearly intervals. It seems prudent to test 
PCA status at the onset of diabetes and then yearly for 
three years, then five yearly thereafter.96 Particularly 
T1DM patients with positive GADA and aTPO should be 
screened. It is controversial whether patients with AIG/PA 
should be placed under a surveillance programme with 
regular gastroscopies. Performing gastroscopy is indicated 
at least once in patients with PCA positivity, anaemia 

or high gastrin levels.96 Since both AIG and pernicious 
anaemia predispose to gastric carcinoid tumours, which 
manifest only late in the disease process, a good follow-up 
is warranted. The possible adverse impact on the health 
of the patient provides a strong rationale for screening, 
periodic surveillance by gastroscopy with biopsy, early 
diagnosis, prevention and/or treatment.96

a d d i s o n ’ s  d i s e a s e 

Addison’s disease (AD) is the most frequent cause of 
primary adrenal insufficiency. It results from destruction 
of the adrenal cortex with an ensuing deficiency of cortisol, 
aldosterone, and in females of adrenal androgens.113 In 
1849, Thomas Addison described a group of patients 
with severe anaemia and coexistent adrenalitis and/or 
adrenal atrophy and some had coexisting vitiligo.114 The 
suprarenal syndrome was named Addison’s disease by 
Wilks in 1862. Primary adrenal insufficiency (Addison’s 
disease) has been reported to affect 1 in 10,000 in the 
general population.116 
Autoimmune adrenal insufficiency results from 
destruction of the adrenal cortex by cytotoxic T 
lymphocytes.113 In the active phase of the disease, there 
is a widespread mononuclear cell infiltrate. There is loss 
of normal three-layer structure of the adrenal cortex and 
adrenocortical cells show necrosis and pleiomorphism. 
The cytochrome P450 enzyme 21-hydroxylase has been 
identified as a major antigen for the antibodies.115 Also in 
AD, screening for 21-hydroxylase antibodies (21-OHAA) 
identifies subjects who are at risk to develop AD before 
clinical presentation. Clinical disease can either present 
as isolated AD or in combination with other autoimmune 
diseases as part of the ‘APS’.116 In T1DM the prevalence of 
antiadrenal cortical antibodies (AAA or 21-OH antibodies) 
ranges between 0.7 to 3%, compared with 0 to 0.6% 
in first-degree relatives and controls (table 1).4,7,8,115,117-120  
A small number of autoantibody-positive subjects have 
been followed for the development of AD, and a yearly 
incidence of AD of approximately 20% has been observed.121 
AAA are more frequent in female subjects7 and in T1DM 
patients with persisting ICA positivity.4,7 Furthermore, 
AD is frequently associated with other autoimmune 
endocrinopathies, particularly with Hashimoto’s thyroiditis 
(Schmidt’s syndrome). Barker et al. reported in their patient 
group that 70% of patients with 21-OHAA also expressed 
thyroid autoimmunity.122

Genetic susceptibility for AD has, not surprisingly, also 
been linked to the MHC complex on chromosome 6. The 
HLA DRB1*0404/DQ8-DRB1*0301/DQ2 genotype occurs 
at an increased frequency in individuals with isolated AD 
and in those with AD and T1DM.120 A second locus within 
the MHC, the MHC class I-related MIC-A, has been 
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linked to AD.123 Homozygosity for MICA5.1 (allele 5.1) was 
associated with an 18-fold increased risk for AD.124 
Adrenal insufficiency may cause persistent vomiting, 
anorexia, hypoglycaemia, unexplained weight loss in an 
adult, malaise, ill-defined fatigue, muscular weakness, 
hypotension, and craving for salt.125,126 The most specific 
sign of primary adrenal insufficiency is generalised 
hyperpigmentation of the skin and mucosal surfaces, which 
is due to the high plasma concentrations of melanocyte-
stimulating activity of β lipotropin, which derives from 
the same precursor as ACTH. Laboratory tests can aid 
in the diagnosis: hyponatraemia, hyperkalaemia, and 
acidosis. In addition, hypocorticism may, by reducing the 
insulin needs, cause frequent attacks of hypoglycaemia. 
Patients with symptomatic adrenal insufficiency should 
be treated with hydrocortisone and with fludrocortisone 
as a substitute for aldosterone.113 Patients with suspected 
AD and hypothyroidism should be evaluated and treated 
for adrenal insufficiency prior to replacement of thyroid 
hormone to avoid an Addisonian crisis, since thyroxine 
may increase hepatic corticosteroid metabolism.
The natural history of the progression of the disease 
follows a typical pattern (different stages) which can 
be correlated to clinical symptoms. One discriminates 
a potential phase (genetic susceptibility and/or 21-OH 
antibodies), a latent phase (elevated plasma renin activity 
(PRA) and normal basal cortisol and ACTH levels), and 
a clinical phase (a diminished basal cortisol and elevated 
ACTH concentration).116 These parameters constitute the 
endocrine evaluation of adrenal function: PRA, ACTH, 
cortisol and corticotropin stimulation testing. 
The exact frequency of screening for 21-OHAA in 
individuals with T1DM remains controversial. Screening for 
21-OHAA at diagnosis of T1DM and then every two years 
seems to be a good practice. If autoantibodies are positive, 
one has to evaluate morning baseline ACTH, cortisol and 
PRA levels (supine position) and perform a corticotropin 
stimulation test. However, in the absence of symptoms, an 
annual basal cortisol and ACTH may be sufficient.122

v i t i l i g o

Vitiligo is an autoimmune-mediated hypomelanotic 
disorder, with a prevalence of approximately 0.5% in the 
general population. Half of the patients present with 
vitiligo before adulthood.127 Vitiligo is characterised by 
circumscribed depigmented macules resulting from the 
loss of epidermal melanocytes. The initial cause is still 
unclear, but involves immunological factors, oxidative 
stress, and a sympathetic neurogenic disturbance. Most 
cases with vitiligo have antibodies against melanocytes.127,128 
In populations of European origin, variants in the gene 
encoding NACHT leucine-rich-repeat protein-1 (NALP1) 

have been observed in vitiligo-associated multiple 
autoimmune diseases.129 A significant association of allele 
HLA DR4 and vitiligo has also been reported.128

Patients with vitiligo should be asked whether any family 
member has a history of vitiligo, a thyroid disorder or other 
autoimmune disease such as T1DM or pernicious anaemia. 
Also, because vitiligo is associated with an increased 
risk for Hashimoto’s thyroiditis, the TSH level and TPO 
antibodies should be measured annually. A high index of 
suspicion for other autoimmune diseases is warranted. 
Autoimmune thyroiditis, autoimmune gastritis, pernicious 
anaemia, and T1DM are found more commonly in vitiligo 
patients compared with the background population, with 
frequencies of 30, 15, 5, and up to 10%.130-133

Treatment of vitiligo may include narrow-band UVB 
radiation as first-line therapy for widespread disease. 
In the case of localised disease, a topical corticosteroid 
or calcineurin inhibitor can be applied. Camouflage 
techniques can also be useful. Guidelines for the 
management of vitiligo have been published by the British 
Association of Dermatologists.134

C o n C l u s i o n s 

Type 1 diabetic patients exhibit an increased risk of other 
autoimmune disorders such as autoimmune thyroid 
disease, coeliac disease, autoimmune gastritis, Addison’s 
disease, and vitiligo. Approximately 15 to 30% of patients 
with T1DM have thyroid antibodies, and up to 50% of 
such patients progress to clinical autoimmune thyroid 
disease. The prevalence of autoimmune gastritis and 
pernicious anaemia is 5 to 10% and 2.6 to 4% respectively. 
Approximately 4% of T1DM patients have concomitant 
coeliac disease and 0.5% have Addison’s disease. 
Early detection of antibodies and latent organ-specific 
dysfunction is advocated to alert physicians to take 
appropriate action in order to prevent full-blown disease. 
Patients and family members should be educated to be able 
to recognise signs and symptoms of underlying disease. It 
is important to keep in mind that genetic background may 
affect the risk for autoimmune disease, and this may vary 
dependent on the region where the patient is coming from. 
A different genetic background may influence the need for 
and organisation of screening strategies.

In clinical practice we screen for TPO antibodies, PCA, 
EmA-IgA and 21-OHAA at diagnosis of T1DM. After 
diagnosis, regular screening of autoantibodies is warranted 
(figure 1):

We screen T1DM patients for dysthyroidism on an • 
annual basis, using TSH, T4 and TPO levels. When 
TPO antibodies are positive and thyroid function 
is still normal, we screen patients for overt thyroid 
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dysfunction on a more frequent basis (every 6 months 
to 1 year). When aTPO are negative, we still test thyroid 
function on an annual basis. In case of a suppressed 
TSH level, TSH receptor antibodies are looked for. 
Clinical signs and symptoms of dysthyroidism warrant 
earlier testing. 
Due to the possibility of latent coeliac disease, we • 
suggest measuring tTGA and EmA autoantibodies at 
onset of T1DM and then yearly for three years, and five 
yearly thereafter, or at any other time if there are clinical 
indications, because the test may later become positive. 
When positive, subjects should have a small intestinal 
biopsy to confirm diagnosis. Clinical suspicion should 
be high in case of growth failure or delayed puberty in 
children, osteopenia, anaemia, menstrual irregularity, 
and glycaemic instability.

Testing PCA status yearly after T1DM onset is recom  mended • 
for three years, then five yearly thereafter. Particularly those 
patients with positive GADA and aTPO should be screened. 
We also examine gastrin, iron, and vitamin B12 levels 
and perform a complete blood count at yearly intervals. 
Performing gastroscopy is indicated in patients with PCA 
positivity, anaemia or high gastrin levels. 
For Addison’s disease, in line with our screening • 
procedure for other autoimmune disorders, we screen 
for 21-OHAA at onset and yearly for three years, then 
five-yearly thereafter, or in case of clinical suspicion. 
If autoantibodies are positive, an annual check-up of 
basal cortisol and ACTH (at minimum) should be 
performed. Clinical suspicion is warranted in case of 
unexplained weight loss, refractory hypoglycaemia, 
hyperpigmentation or unexplained hypotension.

figure 1. Flowchart for screening and follow-up of associated autoimmune disorders in patients with T1DM

ab = antibody; ad = addison’s disease; aif = antibodies to intrinsic factor; aitd = autoimmune thyroid disease; aig = autoimmune gastritis;  
Cd = coeliac disease; eCl = endocrine cell hyperplasia; ema-iga = anti-endomysium antibodies; iaa = insulin autoantibodies; iCa = islet cell anti-
bodies; ft4 = free t4; gada = glutamic acid decarboxylase-65 antibodies; pa = pernicious anaemia; pCa = parietal cell antibodies; pra = plasma 
renin activity; ptu = propylthioluracil; tpo = thyroid peroxidase antibodies; tsh = thyroid-stimulating hormone; ttga = tissue transglutaminase 
antibodies; 21-ohaa = 21-hydroxylase antibodies.

Type 1 diabetes mellitus

At diagnosis, screen for:

AITD

Yearly of 6-monthly if 
TPO-positive

TSH ↑

FT4 ↓

Levothy-
roxine

Fe ↓TSH ↓

TSH rec AB

Start with 
methimazole 

or PTU

Vit B12 ↓

TSH/FT4/TPO

AIG/PA

PCA/AIF/Fe/Vit B12

At least once gastroscopy 
to screen for ECL 

hyperplasia

Fe or vit B12 suppl

Yearly for the first 3 years, 5-yearly thereafter

CD

tTGA/EmA-IgA

Small intestine biopsy

Avoid gluten

AD

21-OHAA

Yearly cortisol/ACTH/PRA 
or earlier if symptoms

↓ Cortisol or ↑ ACTH or 
↑ PRA

Hydrocortisone

Corticotropin-stimulation 
test positive

VITILIGO

Screen for AITD and AIG

ICA, GADA, IA2A, 1AA, ZnT8, HLA 
DR3/4 or Dq2/8

+ + + + +

+

+
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