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Natural course of autoimmune thyroiditis in type 1 diabetes:
association with gender, age, diabetes duration, and
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Aims: To investigate the natural history and incidence of autoimmune thyroiditis (AIT) in paediatric patients
with type 1 diabetes (T1D).
Methods: Since 1990, annual screening for thyroid disease has been performed in children and
adolescents with T1D. Antibodies against thyroperoxidase (anti-TPO) and thyroglobulin (anti-TG) as well
as TSH were measured in 659 patients (54.3% boys). In 126 patients, anti-TPO and anti-TG levels were
followed at yearly intervals from onset up to five years of T1D. Anti-TPO above 30 U/ml and anti-TG
above 20 U/ml were considered positive, values above 100 U/ml as significantly raised and indicative of
AIT. L-thyroxine treatment was started if TSH was higher than 4.5 mU/ml and/or thyroid gland
enlargement on thyroid ultrasound was present.
Results: At initial screening, 15.4% of patients had raised anti-TPO and 14.4% anti-TG. Girls had more
frequently raised antibodies than boys. Sixty two patients (9.4%, 61% girls) required treatment with
L-thyroxine. The cumulative incidence (SE) of AIT after 10 years of diabetes was 0.14 (0.02), being
significantly higher in females (0.18 (0.03)), particularly after the age of 12 years. At T1D onset, positive
anti-TPO and anti-TG were present in 21 of 126 patients (16.7%), each. All patients with significantly
increased values of anti-TPO (n = 17, 148–5340 U/ml) and anti-TG (n = 11, 140–2000 U/ml) at T1D
onset remained positive during the following five years.
Conclusions: For early detection of autoimmune thyroiditis in children with T1D, measurement of anti-TPO
and TSH at T1D onset and in yearly intervals after the age of 12 years is recommended.

T
he prevalence of autoimmune thyroiditis is reported to be
significantly higher among young patients with type 1
diabetes than in the age matched general population.1 2

Chronic autoimmune thyroiditis is characterised by the
presence of thyroid specific autoantibodies in serum and by
varying degrees of thyroid dysfunction.3 Moreover, ultra-
sound studies of the thyroid gland have shown that as well as
gland enlargement, typical patterns of parenchymal hypo-
echogenicity are present in patients with autoimmune
thyroiditis.4 However, up to now longitudinal studies assess-
ing the risk of autoimmune thyroiditis are lacking and there
is no consensus on screening for autoimmune thyroiditis in
patients with type 1 diabetes.
The International Society for Pediatric and Adolescent

Diabetes (ISPAD) Consensus Clinical Guidelines 2000 suggest
that thyroid function and thyroid antibody tests should be
considered close to the time of diagnosis and repeated if
clinical circumstances suggest the possibility of thyroid
disease.5 The guidelines make no statement on screening of
asymptomatic patients. The lack of large prospective studies
on epidemiology and development of autoimmune thyroiditis
in young patients with type 1 diabetes makes difficult the
establishment of unique diagnostic procedures in this
collective. Moreover, the estimation of cumulative incidence
and relative risk for the development of autoimmune
thyroiditis can only be based on longitudinal observation
data by means of regular examination.
The aim of this study was to examine the incidence and

the course of autoimmune thyroiditis in young patients
with type 1 diabetes using a long term regular screening
programme for thyroid disease. Particular interest was
focused on the development of thyroid disorders (hypothyroi-
dism, subclinical hypothyroidism, goitre) requiring treatment

with L-thyroxine and the investigation of clinical para-
meters influencing progression of AIT. Furthermore, the role
of thyroid specific autoantibodies as a screening tool was
analysed and evaluated.

PATIENTS AND METHODS
In 1990, a longitudinal screening of thyroid function was
commenced at the Charité Children’s Hospital of the
Humboldt University of Berlin, Germany, in order to detect
early thyroid disorders in young patients with type 1 diabetes.
Thyroid function tests (T4, T3, and TSH) were performed by
routine assays during the annual examinations, while
antibodies against thyroperoxidase (anti-TPO) and thyroglo-
bulin (anti-TG) were measured subsequently, if abnormal-
ities of thyroid hormones and, particularly TSH increase,
were present. Since 1996, anti-TPO and anti-TG measure-
ment was added to the primary screening programme. In the
presence of abnormal thyroid function tests and/or anti-
bodies, ultrasound studies of the thyroid gland were
performed. Treatment with L-thyroxine (100 mg/m2 body
surface area) was started, if TSH increase (>4.5 mU/ml) on
two subsequent measurements and/or thyroid gland enlarge-
ment (thyroid gland volume .97th age related centile6) with
diffuse parenchymal hypoechogenicity in ultrasound exam-
ination4 were present. The TSH normal range in healthy
children of the iodine replete area of Berlin was estimated to
be 0.3–3.8 mU/ml; TSH values above 4.0 mU/ml were regarded
as suspicious for an impaired thyroid function at the Charité
Medical Centre.

Abbreviations: AIT, autoimmune thyroiditis; CV, coefficient of
variation; SE, standard error; T1D, type 1 diabetes; TG, thyroglobulin;
TPO, thyroperoxidase; TSH, thyroid stimulating hormone
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From January 1990 to December 2003, 659 patients (358
boys, 301 girls) with type 1 diabetes underwent regular
screening for thyroid dysfunction. Their median age at initial
screening examination was 10.9 years (range 0.1–24 years),
and their diabetes duration 1.2 years (0–14.8 years). A further
patient (16 year old girl) with Down’s syndrome, coeliac
disease, and clinical signs of hyperthyroidism was diagnosed
to have Graves’ disease. This patient was excluded from the
study.
In a subgroup of 126 children and adolescents (80 boys, 46

girls), anti-TPO and anti-TG levels were followed at yearly
intervals from onset of diabetes up to five years (median age
at type 1 diabetes onset 9.0 years, range 0.1–15 years) in order
to evaluate antibody fluctuations during that period.
Antibodies to thyroglobulin (anti-TG) were determ-

ined by radioimmunoassay (DYNOtest anti-TGn, BRAHMS
Diagnostica, Berlin, Germany); intra- and inter-assay coeffi-
cients of variation (CV) were 7.5% and 5.5%, respectively. The
detection limit was 5.5 U/ml, and the analytical assay
sensitivity 20 U/ml. A titre exceeding 20 U/ml was considered
positive, and above 100 U/ml was considered significantly
increased. Anti-TG measurements were available in 637 of
659 patients (96.7%).
Antibodies to thyroperoxidase (anti-TPO) were determined

radioimmunometrically (DYNOtest anti-TPOn, BRAHMS
Diagnostica); intra- and inter-assay CV were 4.3% and
9.1%, respectively. The detection limit was 5.5 U/ml and the
analytical assay sensitivity 30 U/ml. A titre exceeding 30 U/
ml was considered positive, above 100 U/ml as significantly
increased. Anti-TPO measurements were available in 637 of
659 patients (96.7%). The prevalence of anti-TPO antibodies
in healthy children in Berlin has been found to be 3.4%.7

Statistical analysis
Data were analysed using the Statistical Package for Social
Sciences (SPSS 11.0.1). Group differences for continuous
variables were assessed using the Mann-Whitney U-test.
Differences in frequencies for categorical variables were
tested by the x2 test. Data are presented as median (range).
As a measure of the probability to develop an autoimmune
thyroiditis after diabetes onset, cumulative incidence was
used and calculated using the Kaplan-Meier analysis; results
are given as mean (SE). Significant differences were assumed
for p , 0.05.

RESULTS
In the total group, 98 of 637 patients (15.4%) had increased
anti-TPO antibodies and 92 of 637 patients (14.4%) were

positive for anti-TG at the start of screening. Girls had more
frequently increased anti-TPO antibodies than boys (58 of
291 (19.9%) v 40 of 346 (11.6%), p=0.004) as well as
increased anti-TG antibodies (54 of 291 (18.6%) v 38 of 346
(11.0%), p=0.007).
During the study period, 62 of 659 patients (9.4%) required

treatment with L-thyroxine and another 40 patients (6.1%)
had thyroid positive antibodies, but did not meet the criteria
for L-thyroxine substitution after a median diabetes duration
of 3.9 years (0.2–12.4 years). Furthermore, 26 antibody
positive patients (3.9%) without L-thyroxine substitution
moved to other treatment centres after a median diabetes
duration of 7.5 years (1.2–19.5 years) and were lost to follow
up for further analysis.
Of the 62 patients who had L-thyroxine treatment, 24 were

boys (39%) and 38 girls (61%); their median age at
commencement of treatment was 11.7 years (1–19 years),
and their median diabetes duration 3.4 years (0–12 years). In
three of these patients (one boy, two girls), hypothyroidism
(increased TSH, decreased T3 and T4) was diagnosed 6, 1, and
56 months before diabetes onset (age at type 1 diabetes
onset: 4.0, 11.2, and 12.5 years), respectively. At the start of
L-thyroxine treatment, 59 of 62 patients (95%) were positive
for anti-TPO, and 53 (85%) for both anti-TPO and anti-TG.
Ultrasound abnormalities were present in all 62 patients
requiring L-thyroxine treatment. Increased TSH levels (med-
ian 9.2 mU/ml, 4.7–100.0 mU/ml) were present in 44 of those
patients, and thyroid gland enlargement and typical ultra-
sound findings without TSH increase in 18 patients (TSH
3.2 mU/ml, 1.2–3.9 mU/ml).
The cumulative incidence (SE) of AIT at the age of 18 years

was 0.14 (0.02) in the total group (n=659), being
significantly higher in female (0.19 (0.03), n=301) than
male (0.09 (0.02), n=358, p=0.015) patients (fig 1A). At
the beginning of puberty, after the age of 12 years, the AIT
incidence in girls increased more than in boys (fig 1B). The
cumulative incidence (SE) of AIT at 10 years of diabetes
duration was 0.14 (0.02) in the total group (n=659) and was
significantly higher in girls (0.18 (0.03), n=301) than in
boys (0.10 (0.02), n=358, p=0.030) (fig 2).
Forty five of 98 patients (46%) with positive anti-TPO

measurements during the study period required treatment
with L-thyroxine. The cumulative incidence at 10 years of
observation time was 0.69 (0.08) compared with 0.12 (0.05)
in 539 patients with negative anti-TPO measurements
(p , 0.001) (fig 3A). Forty one of 92 patients (45%) with
positive anti-TG measurements developed AIT. The cumula-
tive incidence at 10 years of observation time was 0.79 (0.10)
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Figure 1 Cumulative incidence (probability) of autoimmune thyroiditis according to the age of 659 children and adolescents with type 1 diabetes:
(A) in the total group, (B) stratified to gender of patients.

412 Kordonouri, Hartmann, Deiss, et al

www.archdischild.com

http://adc.bmj.com


compared with 0.12 (0.04) in 545 patients with negative anti-
TG measurements (p , 0.001) (fig 3B).
In the subgroup of 126 patients with repeated antibody

measurements since type 1 diabetes onset, 23 patients (18%)
had positive thyroid antibody values already at type 1
diabetes onset: 19 patients with positive anti-TPO (15.1%)
and 19 patients with positive anti-TG (15.1%). After three
years of diabetes, a further three patients (2.4%) became
positive for both antibodies; after 5 years there was one
patient (0.8%) for anti-TPO and three patients (2.4%) for
anti-TG. All patients with significantly increased baseline
values of anti-TPO (n=17, 148–5340 U/ml) and anti-TG
(n=11, 140–2000 U/ml) at type 1 diabetes onset remained
highly positive during the first five years of diabetes. In this
subgroup of 30 patients with positive antibodies, 19 patients
(63%) required treatment with L-thyroxine.

DISCUSSION
These data clearly show that the incidence of autoimmune
thyroiditis requiring treatment with L-thyroxine is highly
increased in children and adolescents with type 1 diabetes
compared to the general population.8 9 The cumulative
incidence at 10 years of diabetes was found to be 14%. In
prior studies, the reported frequency of Hashimoto’s thy-
roiditis was 3.5% (cross-sectional study)1 and 10% (mixed
cross-sectional and longitudinal study),2 respectively. Signs
of thyroid autoimmunity, such as the presence of thyroid

autoantibodies, were apparent already at diabetes onset;
however, thyroid dysfunction requiring treatment with
L-thyroxine developed mostly thereafter. In our study,
progression to clinical or subclinical hypothyroidism requir-
ing treatment with L-thyroxine occurred during the first
five years of diabetes in most patients with AIT, while no
significant fluctuations of thyroid antibody titres were
observed.
As in previous studies,10–13 females with type 1 diabetes

were significantly predisposed to develop autoimmune
thyroiditis. At the age of 18 years, almost every fifth girl
with type 1 diabetes was diagnosed with an autoimmune
thyroiditis requiring treatment with L-thyroxine. In the
general population, girls are also prone to develop thyroid
disease more than boys;3 however, it is noteworthy, that
mostly female patients with type 1 diabetes are more likely to
develop another autoimmune disease, like autoimmune
thyroiditis,14 multiple sclerosis,15 and coeliac disease.16 17

Given that type 1 diabetes is equally prevalent among males
and females in most Caucasian populations or even a higher
male-to-female ratio is shown in countries with a high
diabetes incidence;18 this unequal gender distribution sug-
gests that aetiological risk factors, unrelated to those for type
1 diabetes, may be associated with the simultaneous presence
of more than one autoimmune disease.
In previous studies, we showed that the prevalence of

thyroid antibodies in patients with type 1 diabetes increased
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Figure 2 Cumulative incidence (probability) of autoimmune thyroiditis according to the duration of type 1 diabetes in 659 children and adolescents:
(A) in the total group, (B) stratified to gender of patients.
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with age.10 12 In the present study, the same trend was found
for the prevalence of thyroid dysfunction requiring treatment
with L-thyroxine, while the duration of type 1 diabetes
seemed to have no additionally independent influence on the
development of clinical thyroiditis. Interestingly, in patients
with type 1 diabetes and another autoimmune disease,
diabetes onset mostly precedes the diagnosis of the other
disorder.19 20 Similarly, in the present study, except of three
subjects, all patients developed clinically relevant thyroiditis
after the manifestation of diabetes. The pathogenetic
mechanism underlying the simultaneous occurrence of these
clustered autoimmune diseases has not been clearly eluci-
dated, even though there is evidence that common genetic
determinants, in particular sharing of HLA risk alleles21–23 or
other genes outside the HLA region (CTLA4 gene)24 25 could be
involved. Moreover, environmental factors are also assumed
to be involved in the pathogenesis of these complex
diseases.26 Whether the influence of exogenous agents leads
to a faster onset of these autoimmune diseases, and
particularly of type 1 diabetes, in patients with multiple
diseases compared to those with only one disease needs to be
assessed by epidemiological studies.
Despite the striking evidence that thyroid autoimmunity

with subclinical hypothyroidism (increased TSH, normal T3
and T4, abnormal ultrasound images) is a frequent finding in
children and adolescents with type 1 diabetes, there is still
controversy concerning the necessity of therapeutic interven-
tion in these patients. In a small observational study of 18
children and adolescents with autoimmune thyroiditis and
subclinical hypothyroidism,27 seven patients were euthyroid,
one patient became hypothyroid, and 10 patients continued
to have increased TSH levels after an observation period of
47.3 months. However, in children with type 1 diabetes, there
is strong evidence that hormonal thyroid abnormalities, even
at a subclinical stage, may interfere with glycaemic metabolic
control and increase insulin requirements.28 29 Moreover, a
significantly reduced growth rate was reported in young
patients with diabetes and subclinical hypothyroidism with
thyromegaly, particularly when TSH levels were higher than
10 mU/l, while thyroid hormone replacement led to improved
growth, especially in prepubertal patients.30 However, up to
now, in children with subclinical hypothyroidism, both with
and without type 1 diabetes, there has been a lack of
longitudinal randomised study protocols, to examine the
benefits of early treatment with L-thyroxine.
In conclusion, these data show that the development of

autoimmune disease requiring treatment with L-thyroxine is
significantly increased among young patients with type-1
diabetes. Before the age of 18 years, approximately 14% of
patients will require treatment for thyroid disease, while girls
are more predisposed than boys. The first sign of these
conditions may be the presence of positive thyroid auto-
antibodies, particularly anti-TPO, already at diabetes onset.
The progression to TSH increase and/or ultrasound abnorm-
alities mostly occurs within five years. However, development
of thyroid autoimmunity may also occur during the further
course of diabetes, particularly during puberty. Therefore, we
would recommend that screening for thyroid disease should
be performed at diabetes onset in all paediatric patients with
type 1 diabetes. If the initial thyroid screening is positive,
yearly laboratory (anti-TPO, anti-TG, TSH, T3, and T4) and
ultrasound examinations are necessary in order to detect
early thyroid dysfunction and initiate treatment with
L-thyroxine. If the initial thyroid screening is negative, we
recommend regular measurements of anti-TPO and TSH,
even in the absence of clinical signs. Particularly from the age
of 12 years or from the onset of puberty, TSH and antibody
screening should be performed at yearly intervals.
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22 Šumnı̀k Z, Kolouškova S, Cinek O, et al. HLA-DQA1*05-DQB1*0201
positivity predisposes to coeliac disease in Czech diabetic children. Acta
Paediatr 2000;89:1426–30.

23 Badenhoop K, Walfish PG, Rau H, et al. Susceptibility and resistance alleles of
human leukocyte antigen (HLA) DQA1 and HLA DQB1 are shared in
endocrine autoimmune diseases. J Clin Endocrinol Metab 1995;80:2112–17.

24 Naluai AT, Nilsson S, Samuelsson L, et al. The CTLA4/CD28 gene region on
chromosome 2q33 confers susceptibility to coeliac disease in a way possibly
distinct from that of type 1 diabetes and other chronic inflammatory disorders.
Tissue Antigens 2000;56:350–5.

25 Ueda H, Howson JMM, Esposito L, et al. Association of the T-cell regulatory
gene CTLA4 with susceptibility to autoimmune disease. Nature
2003;423:506–11.

26 Leslie RD, Elliott RB. Early environmental events as a cause of IDDM: evidence
and implications. Diabetes 1994;43:843–50.

27 Moore DC. Natural course of ‘‘subclinical’’ hypothyroidism in childhood and
adolescence. Arch Pediatr Adolesc Med 1996;150:293–7.

28 Franzese A, Buono P, Mascolo M, et al. Thyroid autoimmunity starting during
the course of type 1 diabetes denotes a subgroup of children with more severe
diabetes. Diabetes Care 2000;23:1201–2.

29 Mohn A, Di Michele S, Di Luzio R, et al. The effect of subclinical
hypothyroidism on metabolic control in children and adolescents with type 1
diabetes mellitus. Diabet Med 2002;19:70–3.

30 Chase HP, Garg SK, Cockerham RS, et al. Thyroid hormone replacement and
growth of children with subclinical hypothyroidism and diabetes. Diabet Med
1990;7:299–303.

414 Kordonouri, Hartmann, Deiss, et al

www.archdischild.com

http://adc.bmj.com

