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Prevalence of autoimmune thyroiditis in patients
with type 1 diabetes: a long-term follow-up study
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Purpose: Type 1 diabetes mellitus (DM) is associated with autoimmune diseases such
as thyroiditis. Therefore, we aimed to investigate the prevalence of autoimmune
thyroiditis in patients with type 1 DM.
Methods: A total of 102 patients who were diagnosed and followed up (mean
age, 8.1±4.0 years) in Ajou University Hospital were enrolled in this study. All the
patients were evaluated for beta cell autoimmunity, including insulin autoantibody,
glutamic acid decarboxylase antibodies (GADA), and islet cell antibody. Moreover,
autoantibodies to thyroid peroxidase and thyroglobulin were assessed at initial
diagnosis and annually thereafter.
Results: The mean patient age (49 men and 53 women) was 19.2±4.8 years. The
prevalence of at least one thyroid antibody was 30.4%. Patients with thyroid anti
bodies had a significantly higher frequency of GADA at the time of the diagnosis.
Autoimmune thyroiditis was more prevalent in the older age group. GADA was a
significant risk factor for development of thyroid autoantibodies after diagnosis of
type 1 DM (odds ratio, 4.45; 95% confidence interval, 1.399–14.153).
Conclusion: In patients with type 1 DM, the prevalence of autoimmune thyroiditis
was higher than in the general population. Moreover, GADA positivity at diagnosis
was associated with thyroid autoimmunity.
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The immune-mediated destruction of pancreatic islet cells causes type 1 diabetes mellitus
(DM). Other autoimmune diseases such as Addison disease, Hashimoto thyroiditis, Graves
disease, and pernicious anemia are associated with type 1 DM.1) In particular, autoimmune
thyroiditis (AIT) is the most common disorder associated with type 1 DM. 2) AIT is
characterized by T and B-lymphocyte infiltration of the thyroid gland and the presence of
autoantibodies to thyroid peroxidase (TPO Ab) and thyroglobulin (TG Ab).3) AIT and type 1
DM have a common genetic background and similar pathogenesis; hence, they could occur in
the same individual or family. The prevalence of thyroid autoantibodies in children with type
1 DM ranges from 3% to 50% in different countries and populations, which is markedly higher
than in the general population (range, 1% to 4%).4)
Thyroid autoantibodies can be detected at the initial diagnosis or can be detected over time,
after diagnosis.5,6) Age at diagnosis, pubertal status, and the female gender have been associated
with thyroid autoantibody in children and adolescents with type 1 DM.7-10) In addition, recent
studies have reported that the presence of glutamic acid decarboxylase antibodies (GADA)
and human leucocyte antigen class II genes may influence the development or progression
of AIT.11,12) However, a few studies have evaluated the prevalence and characteristics of AIT
occurring with type 1 DM in Korea.5,13,14) Therefore, the aim of this study was to evaluate
the prevalence of AIT and identify the factors associated with occurrence of thyroid
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autoantibodies in patients with type 1 DM.

Materials and methods
1. Patients

The study population included 102 patients with type
1 DM who were treated in Ajou University Hospital from
March 2003 to July 2017. The study design was reviewed and
approved by the Institutional Review Board of Ajou University
Hospital (AJIRB-MED-MDB-17-498). All the patients had
been diagnosed with type 1 DM according to the criteria
of American Diabetes Association.15) Patients with positive
of thyroid autoantibodies (TPO Ab, TG Ab, or thyroidstimulating hormone [TSH] receptor-stimulating antibody)
were considered to have AIT. Hypothyroidism was defined
as an elevated TSH level (>5 IU/L) with or without decreased
serum T3 or free T4 levels. The diagnosis of Graves disease was
based on clinical manifestations and confirmed according to
elevated serum free T4 and T3 levels, suppressed TSH levels
and positive TSH receptor-stimulating antibodies. We collected
clinical data including patients' height, weight, pubertal status,
medical history, family history of diabetes or thyroid disease,
and laboratory results from the clinical charts and electronic
medical records. Body mass index was calculated as weight
divided by height (kg/m2). Pubertal stage was determined by the
Tanner and Marshal method.16) Prepubertal stage was defined as
the lack of breast development in girls and a testicular volume
below 4 mL in boys.
2. Laboratory measurements

Laboratory analysis included serum free T4, T3, TSH, and
thyroid autoantibodies (TPO Ab, TG Ab, and TSH receptorstimulating antibody) for all the patients at the initial
diagnosis. Thyroid function tests and the autoantibody test
were repeated at least once every year. The reference ranges

were as follows: free T4, 0.64–1.72 ng/dL; T3, 76–190 ng/
dL; TSH, 0.15–5.00 IU/L; TPO Ab, 0–60 U/mL; TG Ab, 0–60
U/mL; and TSH receptor-stimulating antibody, 0–1.5 IU/L.
Serum free T4, T3, and TSH concentrations were measured
using radioimmunoassay methods (Auto RIA/SR300, Startec
Biomedical AG, Birkenfeld, Germany). TPO Ab and TG Ab
were measured by immunoradiometric assays (Packard Cobra
II Gamma Counter, Perkin Elmer Life Sciences, Courtaboeuf,
France). TSH receptor-stimulating antibody was measured
by radio-receptor assay (TSH Rezak, Medipan Diagnostica,
Germany). Insulin autoantibody (IAA), GADA, and islet cell
antibody, as markers of beta cell autoimmunity, were measured
once using radioimmunoassay (RSR, Cardiff, Wales, UK) at
initial diagnosis. A positive response was defined as 0.9 units/
mL and higher GADA level or 7% and higher IAA. Serum HDL
cholesterol, LDL cholesterol, and triglycerides were determined
with esterase and oxidase enzyme reactions (TBA200-FR,
Toshiba, Japan). Hemoglobin A1c (HbA1c) was measured using
a turbidimetric inhibition immunoassay (COBAS Integra 800,
Roche, Switzerland).
3. Statistical analysis

IBM SPSS Statistics ver. 21.0 (IBM Co., Armonk, NY, USA)
was used to perform the statistical analysis. Data are expressed
as means±standard deviation. The Student t -test was used
to compare the clinical parameters of the patients in the
groups with or without thyroid autoantibodies. Differences of
distributions for categorical variables were tested with the chisquare test. To determine significant factors associated with
thyroid autoantibody positivity in type 1 DM, a binary logistic
regression test was performed for multivariate analysis with
forward variable selection using the patient's age at the time of
diagnosis, HbA1c, initial TSH levels, and the presence of GADA.
Statistical significance was defined as P<0.05.

Table 1. Clinical and biochemical characteristics of patients with type 1 diabetes mellitus with or without thyroid autoantibodies
Variable
Positive thyroid antibodies (n=31)
Negative thyroid antibodies (n=71)
P-value
Current age (yr)
19.9±4.0
18.9±0.9
0.345
Age at diagnosis of diabetes (yr)
10.3±3.4
9.0±4.4
0.113
Sex, male:female
16:15
33:38
0.671
Duration of diabetes (yr)
8.6±4.1
7.8±4.0
0.353
HbA1c (%)
11.6±2.1
12.4±2.2
0.117
TSH (IU/L)
2.0±1.3
2.2±1.5
0.657
Family history of diabetes
4 (12.9)
12 (16.9)
0.771
Beta cell autoantibody
GAD
25 (80.6)
43 (60.6)
0.036
IAA
8 (25.8)
24 (33.8)
0.487
ICA
3 (9.7)
3 (4.2)
0.361
Values are presented as mean±standard deviation or number (%).
HbA1c, glycated hemoglobin; TSH, thyroid-stimulating hormone; GAD, glutamic acid decarboxylase; IAA, insulin autoantibody, ICA, islet
cell antibody.
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Patients with positive thyroid antibodies (%)

Table 2. Binary logistic regression analysis of factors associated with thyroid autoantibody positivity in patients with type1 diabetes
mellitus (n=102, r2=0.205, P<0.001)
Variable
B
Standard error
P-value
Odds ratio
95% CI
Age at diagnosis
0.140
0.065
0.032
1.15
(1.012–1.306)
Sex
0.352
0.482
0.465
1.42
(0.553–3.655)
Duration of diabetes
0.041
0.063
0.522
1.04
(0.920–1.179)
Initial TSH
0.153
0.169
0.364
0.85
(0.605–0.954)
GADA
1.493
0.590
0.011
4.45
(1.399–14.153)
Regression analysis contained the following independent variables entered in to the model: age at diagnosis, sex, duration of disease,
initial TSH levels, and the presence of GADA.
CI, confidence interval; TSH, thyroid-stimulating hormone; GADA, glutamic acid decarboxylase antibodies.

thyroid autoantibodies. Moreover, the older age group showed
a higher ratio of positivity for thyroid autoantibodies compared
to the younger age group, although not statistically significant
(Fig. 1).
In a binary logistic regression analysis with age at diagnosis,
sex, duration of disease, initial TSH levels, and the presence
of GADA as independent variables; and positivity for thyroid
autoantibodies as the dependent variable, the initial presence
of GADA was a significant predictor of the presence of thyroid
autoantibodies (Table 2). Additionally, increasing age was
correlated with the development of AIT.
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Fig. 1. Frequency of thyroid autoantibodies positivity in children with type 1
mellitus according to current age.

Results
The study population included 49 men (59.8%) and 53
women (40.2%) with a mean age of 19.2±4.8 years (range, 8–25
years). The initial mean pH and bicarbonate were 7.33±0.13
and 18.6±0.6 mEq/L, respectively. Thirty-five patients (34.3%)
were diagnosed with diabetic ketoacidosis (DKA) at the initial
presentation. The mean duration of follow-up was 8.1±4.0 years
(range, 0.1–19.0 years).
The rate at which at least one of the thyroid autoantibodies
tested positive (TPO Ab or TG Ab) was 30.4% (n=31). Fifteen
of all the patients (14.7%) had TPO Ab and 23 (22.5%) had TG
Ab. Ten patients (9.8%) had both TPO Ab and TG Ab. Three
patients were diagnosed with Graves disease, so they received
an antithyroid drug. Thirteen of the total patients (12.7%) had
thyroid autoantibodies at the initial diagnosis and 18 patients
were detected with thyroid autoantibodies at a mean of 2.7±2.8
years after diagnosis (mean age, 14.5±3.5 years). All patients
who were diagnosed with Hashimoto thyroiditis showed an
euthyroid state and did not need to receive any thyroid drugs
for the follow-up duration. The prevalence of positive GADA
was significantly higher in patients with thyroid autoantibody
(Table 1). None of the subjects had a family history of thyroid
disease. There was also no difference between the 2 groups
in their family history of diabetes. The occurrence of DKA at
the time of diagnosis and serum cholesterol levels were not
significantly different between the patients with or without

Discussion
In this study, the prevalence of AIT observed in patients with
type 1 DM was 30.4%, and the odds ratio of having thyroid
autoantibodies was higher in the older age group and in patients
with GADA.
Previous studies that evaluated the prevalence of thyroid
autoantibodies in patients with type 1 DM reported these
patients to have a high frequency of AIT, but these studies also
demonstrated a very wide range of prevalence.2) Lee et al.13)
evaluated the prevalence of AIT in 139 patients with type 1
DM and 38.8% of these patients had at least one of the thyroid
autoantibodies. In another study by Kang et al.,14) the prevalence
of AIT was 28.8%, similar to our results. A recent study reported
that thyroid autoantibodies positivity was detected in 26%
of type 1 DM patients at the initial diagnosis.9) In the general
population, the rate of AIT ranges from 0.1% to 2%, but its
prevalence in children and adolescents with type 1 DM is higher
than in the nondiabetic general population of the same age
group.6,17) Moreover, children with type 1 DM have a 24-fold risk
of developing thyroid disease in a nationwide cohort study.18)
Hence, the American Diabetic Association and International
Society for Pediatric and Adolescent Diabetes recommend the
screening of thyroid function and autoantibodies at the initial
diagnosis, and the regular screening of thyroid function even in
asymptomatic patients.19)
Many studies have demonstrated that several factors such
as age, the female sex, duration of disease, and the presence
of beta cell autoimmunity are associated with AIT in type 1
DM patients.9,10,13,20-22) In our study, GADA positivity at the
onset of type 1 DM was a predictor of AIT development. In
www.e-apem.org
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another study by Jin et al.,11) a high GADA titer was a significant
predictor of AIT development in type 1 DM patients. The
exact mechanism underlying the effect of GADA on thyroid
autoimmunity is unclear. GADA is one of the pancreatic
islet autoantibodies and can also be found in the brain and
thyroid gland. 23) Several studies have reported an elevated
GADA titer in patients with Hashimoto thyroiditis and Graves
disease compared to normal controls.24,25) Moreover, type 1
DM and AIT have a common genetic background of shared
susceptibility.24) These results suggest that GADA positivity in
type 1 DM patients is associated with the development of AIT.
Other islet autoantibodies were also associated with thyroid
autoantibodies.9,26) In Korean study by Jung et al.,9) the IAA
positivity at initial diagnosis was correlated with positivity of
thyroid autoantibodies. Jonsdottir et al.7) reported that zinc
transporter 8 antibody as well as GADA positivity at initial
diagnosis increased the risk of thyroid dysfunction.
In addition, thyroid autoantibodies were more prevalent in
the older age group in our study. These findings are consistent
with previous reports.1,2) Kordonouri et al.22) reported that the
prevalence of patients with thyroid autoantibodies in type 1
DM was significantly increased with increasing patient age.
In a study by Riquetto et al.,8) patients in the older age group
had a tendency for a higher incidence of AIT. Also, there have
been many studies in which AIT occurred more frequently
in female compared to male type 1 DM patients. 22,27) In a
recent review, androgens had a protective effect against the
progression of autoimmunity, while estradiol seemed to accele
rate the progression of this autoimmune disease through the
T-lymphocytes pathway.28) However, there was no statistical
difference between the female and male patients with type 1
DM in our study. These differences may be due to differences
in ethnic backgrounds and study sample size. In addition, the
development of AIT increased with increasing disease duration
in children and adolescents with type 1 DM.27,29)
This study had limitations stemming from its small sample
size and retrospective study design. Prospective longitudinal
studies with more patients would be needed to characterize the
association between thyroid autoimmunity and type 1 DM.
In conclusion, our results showed that AIT occurred more
frequently in patients with type 1 DM. In particular, the presence
of GADA was a significant risk factor for the development of
thyroid autoimmunity. Therefore, regular screening of thyroid
function and thyroid autoantibodies may be considered in all
type 1 DM patients.
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