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AbsTAcT

Type 1 diabetes mellitus (T1DM) is associated with other autoimmune diseases, particularly 
with autoimmune thyroiditis (AIT). Literature was reviewed with particular attention to the ge-
netic factors, natural history, age, and gender associations. Genetic risk for these diseases over-
laps and includes genes within major histocompatibility complex (MHC) such as the human 
leukocyte antigens (HLA) DR and DQ alleles and the MHC I-related gene A. Genetic risk for 
T1DM overlaps mostly with AIT. Disease risk is associated with organ-specific autoantibodies, 
which can be used to screen subjects with T1DM and AIT. The prevalence of AIT in type 1 diabet-
ics and its increase with age has been shown by cross-sectional studies. The female prevalence 
in AIT development in patients with T1DM, particularly during pubertal period, has been also 
shown by the multiple center cross-sectional and longitudinal studies.

The International Society for Pediatric and Adolescent Diabetes (ISPAD) and American Dia-
betes Association (ADA) Consensus Guidelines and recommendations are elucidated and dis-
cussed in the current review. 

The impact of thyroid alterations on glucose metabolism has been known for a long time. 
Thyrotoxic patients usually lose their glucose control when thyroid decompensation is not 
promptly solved. Most recently, new pathways of thyroid hormone action at the tissue level have 
been unveiled and may be of relevance to the understanding of insulin resistance present both in 
the hypothyroid and hyperthyroid state. 

It is our everyday practice to screen children and adolescents with T1DM for thyorid autoimmunity.
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Subjects already presenting with an autoim-
mune condition are known to be at higher risk of 
developing other autoimmune disorders. Type 1 
diabetes mellitus (T1DM) as one of the most com-
mon chronic diseases in childhood is caused by 
insulin deficiency resulting from the autoimmune 
destruction of insulin-producing pancreatic beta 
cells. T1DM may be associated with additional au-
toimmune disorders, including autoimmune thy-
roiditis (AIT), celiac disease (CD) and Addison’s 

disease (AD) [Perros P. et al., 1995; Radetti G. et 
al., 1995; Lorini R. et al., 1996; Barera G. et al., 
2002; Barker J. et al., 2005 a]. The common patho-
genic mechanism underlying the simultaneous oc-
currence of these autoimmune diseases has not 
been clearly understood yet (Figure 1). 

Hashimoto’s autoimmune thyroiditis is charac-
terized by the presence of thyroid specific autoanti-
bodies (anti-TPO and anti-TG) in serum and by 
varying degrees of thyroid dysfunction [Jaeger C. 
et al., 2001; Haller M., Schatz D., 2008]. Moreover, 
ultrasound examinations of the thyroid gland have 
shown that as well as gland enlargement, typical 
patterns of parenchymal hypoechogenicity are pres-
ent in patients with AIT. Although many persons 
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Fig.1.  Possible mechanism of interaction between T1DM and AIT on glucose metabolism.

with AIT are hypothyroid, there is a subgroup of 
euthyroid cases with high titers of thyroid autoanti-
bodies and normal thyroid function; these patients 
do not require medication. However, some of these 
individuals may become hypothyroid as they age. 
Should this occur among persons with T1DM, the 

decrease in basal metabolic rate due to untreated 
hypothyroidism may cause serious illness and fur-
ther complicate lipid disturbances, metabolic con-
trol [Pozzilli P. et al., 2007; Rewers A. et al., 2008]. 
However, up to now longitudinal studies assessing 
the risk of AIT are lacking, and there is no consen-
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sus on screening for autoimmune thyroiditis in pa-
tients with type 1 diabetes.

Thyroid diseases affect approximately 15-30% 
of patients with diabetes mellitus (in comparison: 
in non-diabetics the prevalence of thyroid diseases 
is approximately 6%) [Perros P. et al., 1995; Ump-
ierrez G. et al., 2003; Barker J. et al., 2005 b]. 
Among type 1 diabetics 4-9% have celiac disease 
[Carlsson A. et al., 1999; Aktay A. et al., 2001; 
Barera G. et al., 2002] and 0.5% have Addison’s 
disease [Barker J. et al., 2005 a]. The risk for au-
toimmune disease is also increased in relatives of 
patients with T1DM. Among the first-degree rela-
tives, 8% have AIT. The characterization of poten-
tial risk factors for hypothyroidism has important 
clinical implications for the diabetic population. A 
better understanding of the etiology and pathogen-
esis of the association of AIT and T1DM can im-
prove early detection and treatment and might pre-
vent the complications. Interactions between 
T1DM and thyroid diseases are complex and still 
unclear. Neither DM, nor thyroid diseases are ho-
mogenous universal nosology units; pathogenesis 
of different types of DM, as well as thyroid dis-
eases is diverse. Therefore, in diabetic population 
even the relations between these diseases are also 
different [Perros P. et al., 1995; Libman I. et al., 
2008]. Most of the thyroid diseases and T1DM that 
occur in the general population are typical organ 
specific autoimmune diseases [Vondra K., Zamra-
zil V., 2002]. These diseases are associated with 
organ-specific autoantibodies: thyroid peroxidase 
(TPO) and thyroglobulin (TG) with AIT; insulin, 
GAD 65 and IA-2 with T1DM. Through early test-
ing of these autoantibodies, organ-specific autoim-
munity may be detected at the early stages before 
the development of clinical signs. We should men-
tion that early detection has the potential to pre-
vent significant morbidity related to unrecognized 
and untreated disease. The frequency of elevated 
thyroid antibodies in children and adolescents with 
T1DM varies considerably between 3 and 50% in 
different countries [Perros P. et al., 1995; Radetti 
G. et al., 1995; Sergeeva V., 2003], and the clinical 
significance of these antibodies remains contro-
versial [Kordonouri O. et al., 2002]. Long-term 
follow-up related research suggests that the major-
ity of patients with type 1 diabetes and elevated 
thyroid antibodies will develop hypothyroidism 

[Radetti G. et al., 1995; Kordonouri O. et al., 
2002; Araujo J. et al., 2008]; hyperthyroidism is 
less common [Perros P. et al., 1995; Araujo J. et 
al., 2008]. However, there are some authors, who 
found that hyperthyroidism also occurs frequently 
in diabetic children. It is proved that autoantibod-
ies to TPO and TG are associated with AIT. More-
over, elevated anti-TPO antibodies seem to be 
more specific for AIT than elevated anti-TG; they 
are associated with higher thyroid stimulating hor-
mone (TSH) levels [Padberg S. et al., 2001]. TPO 
and TG autoantibodies are expressed in 13 and 
11% of the general population, respectively; 
whereas, 20-30% of the population with T1DM ex-
presses increased TPO and/or TG autoantibodies 
[Barker J. et al., 2005 b]. We have found different 
results published by several authors with respect to 
the prevalence of hypothyroidism in children and 
adolescents with T1DM and positive anti-TPO an-
tibodies [Sergeeva V., 2003; Kordonouri O. et al., 
2005; Gonzales G. et al., 2007]. T1DM and AIT 
association in children was first described many 
decades ago [Ramos A. et al., 2003] and confirmed 
by numerous investigators [Lorini R. et al., 1996; 
Hollowell J. et al., 2002; Kordonouri O. et al., 
2002; 2007; SEARCH study group, 2004]. Numer-
ous recent studies have evaluated the pediatric 
general population: a study from Germany re-
ported a prevalence of 3.4% (cross-sectional study) 
[Kabelitz M. et al., 2003], while another survey 
from Sweden reported a prevalence of 7% (mixed 
cross-sectional and longitudinal study) [Milakov-
ich M. et al., 2001] (both studies assessed TPO an-
tibodies). Many other studies from different coun-
tries across the world have described a prevalence 
of 3-50% in patients with T1DM [Hollowell J. et 
al., 2002; Sergeeva V., 2003; Glastras S. et al., 
2005]. The largest study from 118 pediatric diabe-
tes centers in Germany and Austria reported a 
prevalence of 21.6% [Kordonouri O. et al., 2002]. 
In this study the presence of thyroid autoantibod-
ies was found to be a strong predictor for develop-
ment of hypothyroidism at follow-up. In the fol-
low-up study of almost 20 year, hypothyroidism 
development in the population with T1DM and el-
evated TPO autoantibodies approached 80% in life 
table analysis with a hazard ratio of 8.99. This is 
similar to reported hazard ratio of 8 in women and 
25 in men with positive TPO antibodies from 20-
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year population-based study of thyroid disease in 
the general population.

Females with T1DM are significantly more pre-
disposed to develop autoimmune thyroiditis [Kor-
donouri O. et al., 2002; 2005; Higgins C., 2010]. As 
shown in recent studies, at the age of 18 almost 
every fifth girl with T1DM has an autoimmune thy-
roiditis requiring treatment with L-thyroxin. Girls 
are also predisposed to develop thyroid disease 
more often than boys in general population. How-
ever, it is noteworthy that mostly girls with T1DM 
are more likely to develop associated autoimmune 
disease, like AIT, AD, multiple sclerosis, and celiac 
disease [Gilliam L. et al., 2005]. It is shown that 
type 1 diabetes affects males and females with equal 
prevalence in most Caucasian populations or even a 
higher male-to-female ratio is found in countries 
with a high diabetes incidence. This unequal gender 
distribution suggests that etiological risk factors, 
unrelated to those for type 1 diabetes, may be asso-
ciated with the simultaneous presence of more than 
one autoimmune disease [Gale E., 2007]. Many 
studies in the general population without diabetes 
found the prevalence of positive thyroid-antibody 
test to be increased with age, with a higher preva-
lence in adults than in children or adolescents [Kor-
donouri O. et al., 2002; Gonzales G. et al., 2007]. 
Other studies showed that the prevalence of thyroid 
antibodies in patients with T1DM is also increased 
with age [Kordonouri O. et al., 2002]. Interestingly, 
in patients with T1DM and another autoimmune 
disease, diabetes onset mostly precedes develop-
ment of the other autoimmune disorder. Various ex-
perimental, clinical, as well as genetic and epide-
miological studies showed immunological and ge-
netic base of relationship between DM and thyroid 
diseases. Nowadays, there are many evidences con-
cerning the importance of genetic factors in autoim-
mune diseases. The common pathogenic mechanism 
of the simultaneous presence of these autoimmune 
diseases has not been clearly elucidated still, even 
though many evidences has been found that com-
mon genetic determinants, in particular sharing of 
HLA risk alleles [Libman I. et al., 2003; Gonzales 
G. et al., 2007] or other genes outside the HLA re-
gion (CTLA4 gene) [Ueda H. et al., 2003], could be 
involved. During the last decade several common 
genetic risk factors have been associated with 
T1DM, AIT, CD, and AD. Most of evaluations of 

these associations are performed in subjects affected 
with one autoimmune disease, though the analyses 
performed in subjects with multiple autoimmune 
diseases are also described. 

In the development of autoimmune diseases the 
major histocompatibility complex (MHC) has been 
extensively studied and has been found that the 
highest-risk human leukocyte antigen (HLA) gen-
otype for T1DM are DR3-DQ2, DR4-DQ8. Indi-
viduals expressing this genotype have a 5% risk 
for T1DM by 15 year of age [Barker J., 2006]. Ho-
mozygosity for DR3-DQ2 in a population with 
T1DM carries a 33% risk for the presence of anti-
TG autoantibodies [Barker J., 2006]. The study 
screening blood donors for TPO autoantibodies 
has shown an association with DR3 and DR5. On 
the other hand, linkage studies in families where 
many members are affected with AIT have not 
shown an association with DR3-DQ2. However, in 
families with multiple members affected with 
T1DM and AIT, DR3-DQ2 has been linked with 
AIT and T1DM. Thus, these genetic factors have 
been shown to be predisposing ones for the asso-
ciation of T1DM and AIT. Some of HLA alleles are 
described to be protective for disease develop-
ment; for example, DQA1*0102, DQB1*0602 
presence is associated with a low risk for T1DM.

It is shown that the MHC I-related gene A 
(MIC-A) has been associated with autoimmune 
diseases. Polymorphisms of MIC-A are based on 
the number of triplicate GCT repeats in exon 5. 
The protein is expressed in the thymus. It interacts 
with a receptor, which may be important for thy-
mus maturation of T-cells. It might be hypothe-
sized that one of the ways, at which immunologi-
cal tolerance may be broken is the loss of this in-
teraction. The described receptor regulates the 
priming of human native CD8+ T-cells and pro-
vides an alternate explanation for variety of asso-
ciations with autoimmune diseases. It has been 
shown that the polymorphisms of MIC-A are as-
sociated with T1DM. Another gene – PTPN 22 is 
expressed in T cells encoding lymphoid tyrosine 
phosphatase (LYP). LYP is important in the signal 
cascade downstream from the T-cell receptor. A 
specific polymorphism changes an arginine to 
tryptophan at position 620. Thus, it is hypothesized 
that this polymorphism can decrease the interac-
tion of LYP with its target molecules and down-



17

The New ArmeNiAN medicAl JourNAl, Vol.6 (2012), No 2, p. NAvAsArdyAN l.v. et al. 13-23

regulate T-cell receptor signaling. This gene is also 
associated with many autoimmune diseases, there-
fore it is suggested that the gene may play a role in 
susceptibility to autoimmunity in general.

Cytotoxic T-lymphocyte-associated antigen-4 
(CTLA-4) has been also found to be associated 
with the several autoimmune disorders. It is ex-
pressed on activated CD4+ and CD8+ T-cell mem-
branes and binds co-stimulatory molecules inhibit-
ing T-cell activation. Polymorphisms within the 
CTLA-4 gene are linked to AIT. CTLA-4 G/G des-
ignated polymorphism is associated with increased 
proliferation of T cells. Another CT 60 A/A single-
nucleotide polymorphism protects from AIT, with 
a weaker affect in T1DM. This gene has also been 
linked to AD and more strongly to individuals with 
association of AD to T1DM and AIT compared 
with AD alone. Thus, CTLA-4 genes may play an 
important role in synergy with HLA for the devel-
opment of both T1DM and AIT.

It is known that environmental factors are also 
involved in the pathogenesis of these complex as-
sociations of diseases. Whether the interaction of 
exogenous factors results in a faster onset of these 
autoimmune diseases, especially in patients with 
multiple autoimmune diseases compared to those 
with only one disease, needs to be assessed by seri-
ous epidemiological studies.

Though thyroid autoimmunity with subclinical 
hypothyroidism (increased TSH, normal T3 and 
T4, abnormal ultrasound images) is very frequent 
in children and adolescents with T1DM, there are 
still controversial points concerning the necessity 
of therapy in these patients [Svensson J. et al., 
2006]. However, in children with type 1 diabetes 
thyroid hormonal abnormalities, even at a subclin-
ical stage, may disturb the glycemic control and 
increase insulin requirements [Gharib H. et al., 
2004]. Moreover, reduced growth in children with 
T1DM and subclinical hypothyroidism with thyro-
megaly was reported, particularly when TSH lev-
els were higher than 10 mU/l. Thyroid hormone 
replacement led to improved growth rate, particu-
larly in patients in prepubertal period. Meanwhile, 
for children with subclinical hypothyroidism, both 
with and without T1DM, no longitudinal random-
ized study protocols are available to examine the 
benefits of early treatment with L-thyroxin [Aksoy 
D. et al., 2005; Karges B. et al., 2007].

The occurrence of AIT with T1DM may affect 
growth, weight gain, diabetes control, menstrual 
regularity, and overall well-being. The Interna-
tional Society for Pediatric and Adolescent Diabe-
tes (ISPAD) Consensus Clinical Guidelines 2008 
suggest that thyroid function and thyroid antibody 
test should be considered close to the time of diag-
nosis and thereafter every second year. More fre-
quent assessment is indicated, if clinical circum-
stances suggest the possibility of thyroid disease 
[International Society for Pediatric and Adoles-
cent Diabetes, 2008]. The guidelines make no 
statement on screening of asymptomatic patients. 
Recent American Diabetes Association (ADA) 
recommendations require TSH screening after sta-
bilization at onset of diabetes, with symptoms of 
hypo- and hyperthyroidism, and every 1-2 years 
thereafter [Silverstein J. et al., 2005]. The recom-
mendations note that the elevated thyroid autoanti-
bodies may increase the risk of AIT in this popula-
tion, but have no statement for thyroid autoanti-
body screening. The lack of large prospective stud-
ies on epidemiology and development of AIT in 
children with T1DM makes the establishment of 
universal diagnostic steps in this population diffi-
cult. Moreover, cumulative incidences and relative 
risk for AIT can be based only on longitudinal 
study findings obtained by means of regular ex-
amination [Standards of medical care in diabetes, 
2008]. It should be our current practice to screen 
patients with T1DM for TPO autoantibodies, TSH, 
and fT4 levels at onset and every year thereafter. 
Euthyroid individuals with elevated TPO autoanti-
bodies should be screened more frequently (every 
6 months to 1 year).

Interesting researches are focused on some path-
ological mechanisms, which are common to thyroid 
disorders and diabetes. It is known that thyroid hor-
mones have effects in the regulation of glucose ho-
meostasis, which is elucidated in Figure 2. Thyroid 
hormones act differentially in liver, skeletal mus-
cle and adipose tissue, which are the main target 
organs for insulin. While thyroid hormones have 
opposite action to insulin and stimulate gluconeo-
genesis and glycogenolysis in the liver, they up-
regulate the expression of GLUT-4 and phospho-
glycerate kinase genes, which play role in trans-
portation of glucose and glycolysis, thus acting 
synergistically with insulin [Clement K. et al., 
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Figure 2. Thyroid hormone (TH) effects on glucose homeostasis.

2002; Viguerie N. et al., 2002] in peripheral tissues 
[Moeller L., 2005]. 

Very interesting article has been published by 
G. Brenta in 2010 on the interactions between thy-
rotoxicosis, hypothyroidism and glucose homeo-
stasis. When thyroid dysfunction becomes evident, 
the glucose control is lost (Figure 3). Increased 
hepatic gluconeogenesis associated with insulin 
resistance is a typical sign for thyroid hormones 
excess and explains the broken glucose balance 
when diabetic patients develop hyperthyroidism. 
Thyrotoxicosis increases glucose turnover: in-
creases glucose absorption through the gastroin-
testinal tract, resulting in postabsorptive hypergly-
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Figure 3. Thyrotoxicosis and glucose homeostasis.

caemia, increases hepatic glucose output, elevates 
the level of free fatty acids and elevates glucose 
transport and peripheral utilization. By G. Brenta, 
there is a massive flow of glucose to the peripheral 
cells that overwhelms the Krebs cycle leading to 
an increased glucose metabolism through the non-
oxidative pathway. High concentration of pro-
duced lactate comes to the liver and participates in 
the Cori cycle, where for each created glucose 
molecule four ATP molecules are wasted [Potenza M. 
et al., 2009].

Uptake of glucose stimulated by insulin in thy-
rotoxic tissues may be impaired, which is inter-
preted by G. Brenta in the context of lower glu-
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cose extraction from serum in proportion to in-
creased blood flow [Dimitriadis G. et al., 2008]. 
Thyrotoxicosis is shown to be associated with nor-
mal, decreased or increased beta-cell function 
[Ortega E. et al., 2008]. Proinsulin at excess concen-
tration has been suggested as hyperinsulinemia ob-
served with higher release of insulin both after ab-
sorption and at baseline, compared with the euthyroid 
state. Recent studies have also shown increased beta-
cell apoptosis and impared glucose tolerance in thy-
rotoxicosis [Ximenes H. et al., 2007]. 

The broken glucose homeostasis has been shown 
in hypothyroidism as well, although its clinical im-
pact is not significantly obvious (Figure 4). In hy-
pothyroid subjects a decreased glucose disposal, as 
compared with euthyroid individuals, has been 
proved by different methods, including clamp 
studies [Rochon C. et al., 2003; Handisurya A. et 
al., 2008], the arteriovenous difference technique 
in the anterior abdominal subcutaneous adipose 
tissue and forearm muscles after the consumption 
of a mixed meal [Dimitriadis G. et al., 2006], the 
insulin tolerance test [Brenta G. et al., 2009] and 
following intravenous or oral [Maratou E. et al., 
2009] administration of glucose, as described by 
authors. In hypothyroidism normal or reduced fast-
ing insulin levels are described. This is consistent 
with the idea of attenuated endogenous glucose 
production in hypothyroidism. Nevertheless, ele-

vated insulin secretion stimulated by glucose also 
has been recently described, which is interpreted 
as a response to increased whole-body insulin re-
sistance increasing demand on beta cells.

Although the majority of these findings are ap-
plicable to overt hypothyroidism, insulin resis-
tance has been also reported in subclinical hypo-
thyroidism, which is one more additional possible 
mechanism for the interaction of sub-clinical hy-
pothyroidism and cardiovascular risk. Further-
more, even both in euthyroid non-diabetic [Bakker S. 
et al., 2001] and diabetic adults [Chubb S. et al., 
2005]. Moreover, it is shown that TSH small varia-
tions at different levels of insulin sensitivity might 
exert a significant effect on lipid concentrations. In 
these populations the association of insulin resis-
tance and hypothyroid function might be a key de-
terminant for a more atherogenic lipid metabolism 
(Figure 5).

As shown in the literature, T3 intracellular path-
ways are relevant even though thyroid hormone lev-
els are a key indicator for glucose homeostasis. The 
local hormonal signal is modulated by steps, which 
include the intracellular concentration of T3 and the 
relative concentration of T3 receptor isoforms, co-
activators, and co-suppressors. As given in recent 
literature these systems finally lead to tissue spe-
cific thyroid hormone action, which is relatively in-
dependent of the circulating thyroid hormone lev-
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Figure 5. Relationship between serum thyroid stimulating hormone (TSH) and cholesterol.

Source: Br. J. Diabetes Vasc. Dis ©  2010 Sherboume Gibbs, LTD
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els. Some hidden mechanisms are described by A. 
Chidakel and co-workers [Chidakel A. et al., 2005]: 
Thr92A1a polymorphism, etc. Thus, the field of 
thyroid disorders and diabetes common mecha-
nisms is still open to new discoveries.

There were 325 children and adolescents 
(under 18 years of age) with type 1 diabetes mel-
litus registered in Armenia in 2011. In the endo-
crinology department of “Muratsan” University 
Hospital Complex starting from 2009 all diabetic 
patients under 18 with unknown thyroid status 
have been involved in the study for clinical evalu-
ation of thyroid dysfunction and autoimmune thy-
roid disorders. There are three centers in the Re-
public of Armenia, where all type 1 diabetic chil-
dren and adolescents are registered: Republican 
Pediatric Endocrinology Center in “Muratsan” 
Hospital Complex (Yerevan), Center in “Arabkir” 
Hospital (Yerevan), Center in “Austrian” Pediat-
ric Hospital (Gyumri). On the base of Laboratory 
and Diagnostic center of “Muratsan” University 
Hospital all patients were evaluated for assess-

ment of glycated hemoglobin (HbA1c) as a marker 
of carbohydrate metabolism in the blood; thyroid 
stimulating hormone (TSH), free thyroxine (fT4), 
anti-thyroid peroxidaze autoantibodies levels 
(Anti-TPO) as a marker of autoimmunity of thy-
roid gland, as well as ultrasound examination of 
thyroid gland (ultrasonographic changes of thy-
roid autoimmunity: enlargement, typical patterns 
of hypoechogenicity, diffuse changes or paren-
chymal hypervascularity). Hypothyroidism is de-
fined by elevation of TSH over 4.0 mU/L, includ-
ing subclinical hypothyroidism, when TSH is ele-
vated but fT4 is normal. Anti-TPO levels above 
34 mU/L are evaluated as high, over 50 mU/L - as 
very high. HbA1c elevated more than 7.5% is de-
fined as decompensation of diabetes. The problem 
of thyroid dysfunction in type 1 diabetics in Ar-
menia is actual and needs to be investigated and 
adapted to international points, guidelines, and 
should be integrated, implicated into the everyday 
practice of endocrinologists in Armenia.
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