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Abstract

Objective: The most common coexisting organ-specific autoimmune disease in patients Key Words

with type 1 diabetes mellitus (T1DM) is autoimmune thyroid disease (AITD). However, » autoimmune thyroid
there have been few clinical reports based on a large population about the prevalence disease

of zinc transporter 8 autoantibody (ZnT8A) and other islet autoantibodies in AITD
patients. We aimed to explore the presence of islet autoantibodies, ZnT8A, glutamic

acid decarboxylase autoantibodies (GADA) and insulinoma-associated antigen 2
autoantibodies (IA-2A) compared with thyroid autoantibodies, thyroid peroxidase
autoantibodies (TPOAb) and thyroglobulin autoantibodies (TGAb) and thyrotropin
receptor autoantibodies (TRAb) in patients with Graves’ disease (GD), Hashimoto’s
thyroiditis (HT) and T1DM patients with AITD.

Methods: Totally, 389 patients with GD, 334 patients with HT, 108 T1DM patients with
AITD and 115 healthy controls (HC) were recruited in the study. Islet autoantibodies
(ZnT8A, GADA and IA-2A) were detected by radioligand binding assay. Thyroid
autoantibodies, TPOAb and TGAb were detected by chemiluminescence assay, and TRAb
was detected by RIA.

Results: The prevalence of ZnT8A, GADA and IA-2A was higher in GD and HT patients than
that of HC (ZnT8A: GD 8.48%, HT 10.8% vs HC 1.74%; GADA: GD 7.46%, HT 7.74% vs HC
0.870%; IA-2A: GD 4.88%, HT 3.59% vs HC 0%; All P < 0.05) but lower than that of T1DM
subjects with AITD (ZnT8A: 42.6%; IA-2A: 44.4%; GADA: 74.1%; all P < 0.0001).
Conclusions: An increased prevalence of ZnT8A as well as GADA and IA-2A was found

in both GD and HT patients, indicating that there is a potential link between thyroid
autoimmunity and islet autoimmunity.
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» thyroid peroxidase
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Introduction

autoantibodies (TRADb), thyroid peroxidase autoantibodies
(TPOAb) and thyroglobulin autoantibodies (TGAD).
TRAD occurs predominantly in GD and plays a key role

Autoimmune thyroid disease (AITD) is a common
organ-specific autoimmune disorder which includes
two main clinical diseases: Graves’ disease (GD) and

Hashimoto’s thyroiditis (HT). Both GD and HT share
the immunologic manifestation of the presence of
circulating autoantibodies such as thyrotropin receptor

in Graves’ hyperthyroidism, while TGAb and TPOAb
are more characteristic for HT, which is correlated with
thyroidal damage and lymphocytic inflammation (1, 2).
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Individuals with AITD may be associated with other
autoimmune diseases, of which type 1 diabetes mellitus
(T1DM) is the most frequent (3, 4, 5). The phenotype is
referred as autoimmune polyendocrine syndrome type
II (APS II) when T1DM and AITD occur in the same
individual, even sometimes coexist in the same family (6,
7). T1IDM, as well as AITD, develops through a complex
interaction of genetic and environmental risk factors
which result in autoimmune destruction of the specific
organs involving humoral and cellular immune responses
(1, 2, 4, 8, 9). Many studies have showed the prevalence
rate of thyroid autoantibodies ranging from 3.7-35% in
T1DM patients, some of which suggested the associations
between thyroid autoantibodies and islet autoantibodies
(10, 11, 12, 13, 14). However, little work has been done
on the anti-islet autoimmune status in non-diabetic
patients with AITD (15, 16, 17, 18, 19, 20, 21, 22, 23).
As summarized in Supplementary Table 1 (see section on
supplementary materials given at the end of this article),
the prevalence rates of glutamic acid decarboxylase
autoantibodies (GADA), islet cell autoantibodies (ICA),
insulinoma-associated antigen 2 autoantibodies (IA-2A)
and insulin autoantibodies (IAA) in patients with AITD
were either slightly or significantly higher than those in
healthy controls (HC), indicating the distinct value of
studying islet immune status in AITD.

Zinc transporter 8 autoantibody (ZnT8A) is the recently
identified new marker of autoimmunity in diabetes (24).
Furthermore, previous studies have demonstrated that
the presence of ZnT8A predisposes non-obese adult-onset
diabetes patients to AITD (25). However, there has been no
clinical study based on a large population focusing on ZnT8A
in both GD and HT patients without diabetes mellitus (DM).

Our study aims to measure three islet autoantibodies,
ZnT8A, GADA and IA-2A in Chinese Han patients with
GD and HT (but without DM) as well as to investigate
the relationship between islet autoantibodies and thyroid
autoantibodies. In addition, the differences in prevalence
among AITD, T1DM patients with AITD (GD or HT) and
HC were compared to explore the anti-islet autoimmune
status. The data gained in this analysis are supposed to
provide a rationale for screening programs for active case-
finding strategies in specialized centers.

Materials and methods
Subjects

There were 389 Chinese patients with GD (284 female and
105 male; aged 38.9 £ 14.0 years; BMI 22.1 £ 3.2 kg/m?)

and 334 patients with HT (301 female and 33 male; aged
41.6 = 14.3 years; BMI 22.7 + 3.4 kg/m?), who have not
been diagnosed with DM before, recruited in our study.
These two autoimmune thyroid diseases were diagnosed
clinically by endocrinologists and confirmed by clinical
symptoms and abnormal levels of thyroid hormones and
autoantibodies to TRAb, TPOAb and/or TGA as well as
ultrasound examination. One hundred and eight patients
with TIDM and AITD (67 female and 41 male; aged
32.7 + 17.5 years; BMI 20.8 + 3.4 kg/m?) were recruited
in our study. Individuals with TIDM were diagnosed
according to the diagnosis criteria of the World Health
Organization and American Diabetes Association. One
hundred and fifteen healthy controls (87 female and 28
male; aged 44.7 + 12.8 years; BMI 21.4 + 2.6 kg/m?) were
also included as HC groups. Sera of patients with GD or HT
and HC were obtained in the endocrinology department of
the First Affiliated Hospital of Nanjing Medical University
from October 2010 to September 2013, and sera of T1IDM
with AITD patients were obtained at 26 centers in China
from June 2010 to Oct 2012. The clinical characteristics of
all subjects are summarized in Table 1. Blood samples were
collected for thyroid function, thyroid autoantibodies
detection and further islet autoantibodies assay. However,
blood samples for HLA genotyping and fasting C-peptide
were not collected in solely AITD patients.

Our study was approved by the appropriate ethical
committees, and informed consent was obtained from
all participants.

Islet autoantibodies assay

389 GD blood samples and 334 HT blood samples taken
into the plain tubes, which were drawn at the patients’
enrollment, were centrifuged at 350 g and serum
was stored frozen at —80°C for 6.36 + 6.34 months for
detecting islet autoantibodies. Serum islet autoantibodies
were measured by
previously described (26, 27), using 3°S-labeled glutamic
acid  decarboxylase-65  (GAD6S), protein-tyrosine-
phosphatase-2 (IA-2) and zinc transporter 8 (ZnT8). The
plasmid containing the cDNA for cytoplasmic carboxy-
terminal domains (amino acid 268-369) of human ZnT8
carrying 325Arg (designated as CR) or a hybrid construct
of the CR and 325Trp (CW; designated as CW-CR) with a
CLFCEDPCDPSTPPGSSqGGGKDEFSILLME hinge junction
was generated.

Antibody  levels were expressed as an
immunoprecipitation index, which is defined as
(sample — negative control)/(positive control — negative

radioligand binding assay as
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=108)
67/41
32.7+17.5
1.79 £ 4.09°

T1DM with AITD
(n

Groups

HT (n = 334)
301/33
41.6+14.3
2.04 +4.11

= 389)
284/105
38.9+14.0
3.02 +5.30
22.1+3.2
254/346 (73.4%)

GD (n

Table 1 Clinical characteristics of Graves' disease (GD), Hashimoto’s thyroiditis (HT), type 1 diabetes mellitus with autoimmune thyroid diseases (T1DM with AITD), and

healthy controls (HC) subjects.

Gender (female/male)

Age (years)

Duration (years)
BMI (kg/m2)

<0.0001*
<0.0001*
<0.0001*
<0.0001*

20.8+3.4 214+26

100/108 (92.6%)

22.7+3.4
236/290 (81.4%)
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<0.01*

<0.0001*
<0.05*

<0.0001*
<0.0001*
<0.0001*

TPOAb+ n (%)
TGAb+ n (%)

<0.0001*
>0.05*

236/290 (81.4%) 61/108 (56.5%)

155/346 (44.8%)

<0.0001*

31/290 (10.7%)  11/108 (10.2%)

277/346 (80.1%)

TRAb+ n (%)
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control). The cut-off for positivity for GADA, IA-2A
and ZnT8A was defined as a value above 0.048, 0.018,
and 0.015 respectively, based on the 99th percentile
of 102 (52 female and 50 male; aged 44.7 + 14.1 years;
BMI 21.4 + 2.6 kg/m?), 315 (167 female and 148 male;
aged 45.5 = 14.1 years; BMI 21.8 + 2.5 kg/m?) and 218
(110 female and 108 male; aged 46.1 + 14.4 years; BMI
21.6 * 2.6 kg/m?) healthy control subjects (non-diabetic
individuals without known autoimmune disease and no
family history of diabetes).

Our laboratory has been validated in Islet
Autoantibody Standardization Program 2020 with 60.0%
study sensitivity and 100% study specificity for GADA,
70.0% study sensitivity and 100% study specificity for
[IA-2A and 62.0% study sensitivity and 100% study
specificity for ZnT8A. The coefficient of variation (CV)
within-batch of measuring IA-2A, GADA, ZnT8A is 5-9,
7-9 and 4-7%, respectively, while the CV between-batch
is 8-10, 5-10 and 6-12%, respectively.

Thyroid function and anti-thyroid antibodies

In this study, 346 GD and 290 HT blood samples were
collected at the study entry concurrently for detecting
thyroid function and anti-thyroid antibodies. Free
triiodothyronine (FT3), free tetraiodothyronine (FT4),
thyroid-stimulating hormone (TSH), TgAb, and TPOAb
were all measured by chemiluminescence assays (Roche
Diagnostics GmbH), while TRAb was tested by RIA
(Cisbio Bioassays, France). Reference ranges for adults
are TSH, 0.270-4.20 mIU/L; FT3, 3.10-6.80 pmol/L;
FT4, 12.0-22.0 pmol/L; TgAb, <115 IU/mL;
TPOAD, <34.0 IU/mL; and TRAb, 0-1.50 IU/L.

Statistical analysis

Statistical analysis was performed with SPSS 19.0
for Windows and Prism 9 for Mac. Results are
shown as mean #* s.p. or proportion (%) or otherwise
documented as positive cases or odds ratio (OR), 95%
CI. Unpaired Student’s t-test or ANOVA was used to
compare groups, and Kruska-Wallis test was used for
multigroup measurement data with unequal variances.
The difference between classified variables was tested
using y? or Fisher’s exact test if the expected number of
subjects in any cell was less than five. Multiple logistic
regression model was used to analyze the correlation of
measurement data. Statistical significance was defined
as P < 0.05.
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Results

Clinical characteristics of patients in GD, HT, TIDM
with AITD and HC groups

The clinical baselines of GD, HT, TIDM with AITD and
HC groups have been described in Fig. 1A and Table 1.
Among the 346 GD patients and 290 HT patients, three
thyroid autoantibodies were detected currently when
blood samples were collected. We observed significantly
higher frequencies of either TPOAb or TGAb in the HT
patients compared with the GD patients (TPOAb: 81.4%
vs 73.4%; TGAD: 81.4% vs 44.8%, both P < 0.0001), while
the prevalence of TRAb was significantly higher in the
GD patients compared with the HT patients (80.1% vs
10.7%, P < 0.0001). When it comes to T1IDM with AITD
subjects, due to the composition of diseases (98 of 108
were diagnosed as HT), there were remarkably higher
frequencies of TPOAb but lower frequencies of TGAb
comparing with HT patients (TPOAb: 92.6% vs 81.4%,
P < 0.01; TGAb: 56.5% vs 81.4%, P < 0.0001, while TRAb
was similarly as the HT group (10.2% vs 10.7%, P > 0.05).

The thyroid function of patients was measured
when they were recruited in this study. There were
great differences among FT3, FT4, TSH when comparing
GD patients and HT patients, as the recruited GD
patients were more prone to hyperthyroidism than HT
patients (FT3: 13.3 + 11.5 vs 4.63 + 2.50 pmol/L, FT4:
33.9 £ 26.0 vs 15.3 £ 8.85 pmol/L, TSH: 2.30 + 10.4 vs
11.8 £ 24.6 mIU/L, all P < 0.0001).

Prevalence of islet autoantibodies in
different groups

All 389 GD’ and 334 HT patients’ sera were measured
for three islet autoantibodies. There were 71 (18.3%) GD
patients and 64 (19.2%) HT patients separately positive
for at least one islet autoantibody, both higher than that
in the HC group (3/115, 2.61%, both P < 0.00001) (Figs
1B and 2D). We followed those 135 islet-autoantibody-
positive AITD patients up around 8.78 £ 1.26 years
according to their outpatient clinical records and found

GD patients HT patients
n=346 n=290
TPOAb TPOAb
n=254 (73.4%) n=236 (81.4%)
19 38
(5.49%) (13.1%)
21 101 173 5
(6.07%) (29.1%) (59.7%) (1.72%)
13 20
TGAb (32.7%) TRAb TGAb (6.90%) TRAb
n=155 (44.8%) n=277 (80.1%) n=236 (81.4%) n=31 (10.7%)
15 4
6 (4.34%) 438 39 (1.38%) 2
(1.73%) (13.9%) (13.4%) (0.690%)
GD patients HT patients
n=389 n=334

Zn8TA
n=33 (8.48%)

26
(6.68%)

3 3
(0.771%) (0.771%)
1

GADA (0.257%) 1A-2A
n=29 (7.46%) n=19 (4.88%)
2
23 (0.514%) 13
(5.91%) (3.34%)

Zn8TA
n=36 (10.8%)

31
(9.28%)

2 1
(0.599%) (0.299%)
2

GADA (0.599%) 1A-2A
n=24 (7.19%) n=12 (3.59%)
1
19 (0.299%) 8
(5.69%) (2.40%)

Figure 1

Frequency of islet autoantibodies and thyroid
autoantibodies in Graves' disease (GD) and
Hashimoto’s thyroiditis (HT) patients. (A)
Frequency of thyroid autoantibodies is shown in
346 patients with GD (left) and 290 patients with
HT (right). Of these, 323 (93.4%) and 281 (96.9%)
were respectively positive for at least one thyroid
autoantibody. (B) Frequency of islet
autoantibodies is shown in 389 patients with GD
(left) and 334 patients with HT (right). Of these, 71
(18.3%) and 64 (19.2%) were respectively positive
for at least one islet autoantibody.
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that three patients were diagnosed with type 2 diabetes =~ Comparison of the prevalence of islet
mellitus (T2DM). One patient was diagnosed with T2DM  autoantibodies in AITD subjects with high and low
in the same year but 2 months later followed by the  titer of TPOAb
diagnosis of HT, while one was diagnosed 5 years and the
other one was diagnosed 9 years after HT. Interestingly, According to previous study (28, 29), we divided AITD
all of them were recruited in the HT group and positive  patients into two subgroups according to the titer of
for single-islet autoantibody, ZnT8A, GADA and  TPOAD, namely the high-titer TPOAb (H-TPOAb) group
IA-2A respectively. (=100 IU/mL) and the low-titer TPOAb (L-TPOAD ) group
The prevalence of islet autoantibodies in AITD (<100 TU/mL). There were 217 H-TPOAb and 129 L-TPOAb
patients (GD and HT separately) was higher than that subjects in the GD group, while 197 H-TPOAb and 93
in HC (GD vs HC: ZnT8A: 8.48% vs 1.74%, P < 0.05;  L-TPOADb subjects in the HT group respectively. Considering
IA-2A: 4.88% vs 0%, P < 0.05; GADA: 7.46% vs 0.870%), GD and HT as a whole AITD group, we observed an
P < 0.05; 1 islet Ab: 18.3% vs 2.61%, P < 0.0001; HT vs increased positive rate of IA-2A in L-TPOAb AITD patients
HC: ZnT8A: 10.8% vs 1.74%, P < 0.01; [IA-2A: 3.59% (TA-2A: 6.76% vs 3.14%, P < 0.05). Moreover, the positive
vs 0%, P < 0.05; GADA: 7.74% vs 0.870%, P < 0.05; 1 rate of GADA and at least one islet autoantibody shows
islet Ab: 19.2% vs 2.61%, P < 0.0001). However, there = no significance between L-TPOAb and H-TPOAb groups
was no difference in the positive rate between GD and (GADA: 9.01% vs 6.28%, P > 0.05; >1 islet Ab: 21.2% vs
HT patients (ZnT8A: 8.48% vs 10.8%; IA-2A: 4.88% vs 17.9%, P > 0.05). In contrast, the prevalence of ZnT8A
3.59%; GADA: 7.46% vs 7.74%; >1 islet Ab: 18.3% vs  in the H-TPOAb group was 10.9% (45/414), compared
19.2%; all P >0.05) (Fig. 2A, B, C and D). Furthermore, with 8.11% (18/222, P > 0.05) in the L-TPOAD group (Fig.
the prevalence of at least two islet antibodies positivein  3A). There was similar trend which was observed in GD
the GD group, which in HC was 0%, was slightly higher =~ and HT groups but without significance (Supplementary
than the HT group without significance (Fig. 2E). In  Fig. 1). However, the cumulative prevalence for any islet
accordance with expectation, the islet autoantibodies’ autoantibody as well as at least one islet autoantibody
frequencies of patients with both T1DM and AITD  differed little as the titer of TPOAD increased (Fig. 3B).
were the highest, when comparing them with GD In addition, according to the positivity of islet
and HT subjects(ZnT8A: 42.6%; IA-2A: 44.4%; GADA: autoantibodies, we divided AITD patients into eight
74.1%; >1 islet Ab: 88.0%; >2 islet Ab: 49.1%,  subgroups as presented in Supplementary Table 2. Further

all P < 0.0001). analyzing the level of three islet autoantibodies between
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Figure 2

Frequency of islet autoantibodies in type 1 diabetes mellitus with autoimmune thyroid diseases (T1DM with AITD), Graves' disease (GD), Hashimoto's
thyroiditis (HT) and healthy controls (HC) subjects. Patients’ serum was used for measuring (A) ZnT8A, (B) IA-2A, (C) GADA by radioligand binding assay.
The figures show the frequency of (A) ZnT8A, (B) IA-2A, (C) GADA, (D) at least one islet autoantibody and (E) at least two islet autoantibodies in T1DM with
AITD, GD, HT and HC groups.
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subgroups, a higher prevalence for TPOAb positivity
between [A-2A-negative and [A2A-positive AITD
patients (72.5% vs 68.2%, P < 0.05; OR=0.4037, 95%
CI: 0.2003-0.8300) was observed. Furthermore, a higher
proportion of patients with high-titer TPOAb was found
in the IA-2A-negative than that of IA-2A-positive AITD
patients (59.1% vs 35.5% P < 0.05; OR=0.3806, 95% CI:
0.1754-0.8150). There were no statistically significant
differences in the sexual proportion, subtypes of the
disease, age, duration, anti-thyroid treatment, and level
of either TSH or FT4 between islet autoantibody-positive
and -negative AITD patients, except for the statistical
decreases in the rate of BMI between IA-2A-positive and
-negative AITD patients (P < 0.01, p=0.1506, standard
error: 0.05790, EXP(B) =1.163, 95% CI =1.039-1.31).
These findings suggested that the increasing level of
islet autoimmunity was independent of subtypes of the
disease, gender, age, duration, anti-thyroidal treatment,
TGADb positivity and thyroid function, but the BMI as
well as the positivity and titer of TPOAb were related
with IA-2A.

Discussion

The most common coexisting organ-specific autoimmune
disease in patients with T1DM is AITD. In our study,
based on a larger cohort of 723 Chinese AITD patients,
the prevalence of ZnT8A was as high as 8.48 and 10.8% in
GD and HT patients, respectively, which was significantly
higher than that in HC and lower than T1DM with AITD.
It was also a novel finding that the prevalence rate of
ZnT8A was much higher than that of GADA (GD:7.46%,
HT: 7.74%) and IA-2A (GD:4.88%, HT: 3.59%) in AITD
patients, as GADA in the previous studies was the highest
diabetes-associated antibody (17, 18, 19, 26, 30). Even
though there were only three patients positive for single-
islet antibody developing T2DM during 8.78 + 1.26
followed-up years, the diabetes progression may still
prove the relations between islet autoimmunity and
diabetes in our study. We diagnosed them based on the
clinical history and treatment regimen. Despite the fact
that all of three patients were insulin-independent since
diagnosed and without an onset by diabetic ketoacidosis
(DKA) which supports the diagnosis of T2DM, we still
could not exclude the possibility of latent autoimmune
diabetes in adults (LADA). Genetic analysis and dynamic
monitoring of fasting C-peptide will be carried on in our
further long-term study.

ZnT8A is the recently identified new marker of
autoimmunity in diabetes. Jonsdottir et al. (22) recruited
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Figure 3

Frequency of islet autoantibodies in autoimmune thyroid diseases (AITD)
(including Graves' disease, Hashimoto's thyroiditis) subjects with high titer
TPOADb and low titer TPOAb. According to TPOAb > 100 IU/mL and <100
IU/mL, we divided the AITD (containing GD and HT) into high titer TPOAb
(H-TPOADb) and low titer TPOAb (L-TPOADb) groups separately. (A) shows the
positive rate of ZnT8A (H-TPOAb vs L-TPOAb: 10.9% vs 8.11%), IA-2A
(3.14% vs 6.76%), GADA(6.28% vs 9.01%) and at least one islet
autoantibody (17.9% vs 21.2%) in H-TPOAb and L-TPOAb groups. (B) shows
the cumulative positive rates of ZnT8A, IA-2A, GADA and at least one islet
autoantibody in AITD subjects with different TPOAD titers. 2P = 0.33, odds
ratio = 1.382, 95% Cl = 0.7976-2.480. °P = 0.03, odds ratio = 0.4474,

95% Cl=0.2170-0.9709. °P = 0.20, odds ratio = 0.6768, 95% Cl =
0.3645-1.252. 9P = 0.34, odds ratio=0.8104, 95% Cl =0.5412-1.216.

278 patients with newly diagnosed GD for detecting
GADA, IA-2A, three variants of ZnT8A, and they observed
that 7.6% of them were positive for ZnT8A at diagnosis.
Rydzewska’s study, which consisted of 44 children with
GD, 65 children with HT, 199 children with T1DM with or
without AITDs and 58 control children (23), reported the
overall prevalence of ZnT8A with AITD was 9.2%, with a
similar prevalence of ZnT8A in both GD (9.1%) and HT
(9.2%). Previous evidence has already shown that ZnT8A
is widely distributed in a lot of endocrine or autoimmune
disorders. As in the report based on 223 new-onset T1DM
patients (24), ZnT8A occurred in 60-80% of them, while
12 of 39 (30.9%) non-diabetic patients developed T1DM-
related celiac diseases. In accord with these findings, our
study illustrated that the prevalence of ZnT8A in non-
diabetic GD or HT patients was significantly higher than
that in HC but lower than T1DM with AITD patients as
expected, which pointed out the perspective on ZnT8A’s
representativeness in endocrine autoimmune diseases.
Rydzewska etal. (23) found that the strong ZnT8 expression
could be observed in almost all of the thyroid follicular
cells and some of the cytoplasm and the perinuclear area
of the hyperplastic C cells. In keeping with that, ZnT8
was identified as a major autoantigen in TIDM and was
localized in insulin secretory granules (24, 31), which
was expressed in other secretory cell types of murine like
pancreatic a islet cells, thyroid cubical cells and adrenal
gland cortex cells as well (32). Our data further confirmed
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the widespread role of ZnT8 in the endocrine system
mentioned above (22, 24, 32).

GADA and IA-2A are recommended markers for the
suspected diagnosis of TIDM or for the prediction of
T1DM in research settings (33). Consistent with previous
studies (17, 19, 20, 34, 35), our study demonstrated that
the prevalence of GADA and IA-2A was ranging from
7-8 and 3-5%, respectively in AITD patients. A recent
Chinese study, in which 190 T1DM and 135 LADA
patients participated, revealed that a high level of GADA
could be a strong predictor of the development of thyroid
autoimmunity in patients with autoimmune diabetes (36)
as well as the finding of Lethagen et al. (37) demonstrated
that GADA positivity could be a marker of subclinical
insulitis in a study on 441 non-diabetic patients with
autoimmune thyroiditis. Both of the studies indicated
the potential of GADA in predicting concurrent thyroid
autoimmunity and islet autoimmunity. Additionally,
Pilia’s study (19) illustrated that IA-2A was significantly
prevalent in 236 non-obese Sardinian children with
autoimmune thyroiditis, which is consistent with our
results to some degree, however, their prevalence of
GADA showed no significant differences compared with
HC. The composition of patients and differences of race
may explain the discordance with our results.

According to the titer of TPOAb, we compared the
prevalence of ZnT8A, GADA and IA-2A in H-TPOADb and
L-TPOAb groups. Only a higher positive rate of IA-2A
(P < 0.05, OR=0.4474, 95% CI=0.2170-0.9709) was
observed in L-TPOADb patients. Similarly, the positive rate
of GADA seemed higher in the L-TPOAb group (P > 0.05,
OR=0.6768, 95% CI=0.3645-1.252). In contrast, ZnT8A
positivity was higher in the H-TPOADb group but without
significance (P> 0.05, OR=1.382, 95% CI=0.7976-2.480).
Therefore, we infer that AITD patients with H-TPOAb
are more likely to develop ZnT8A positivity, meanwhile,
patients with L-TPOAb develop GADA and IA-2A.
Moreover, despite the positive rate of ZnT8A, GADA or
IA-2A did not vary much with TPOAD titer increasing,
we still could observe the increasing trend along with the
TPOAD titer rising. Rogowicz-Frontczak et al. (25) revealed
an association among positive ZnT8A, GADA and positive
titer of TPOADb in his study which consisted of 80 non-
obese adults diagnosed as LADA, and Jonsdottir et al. (11)
also demonstrated an association between two thyroid
autoantibodies (TPOAb and TGAb) and ZnT8A or GADA
positivity in a cohort of 2433 newly diagnosed T1DM
children. Unfortunately, no statistical differences were
exhibited in the prevalence of ZnT8A and GADA comparing
high and low-TPOAD titer in our study; longitudinal studies

based on a larger follow-up population are necessary for
the future to determine the predicted value of both GADA
and ZnT8A. Interestingly, the significant differences of
the TPOAb-positive proportion as well as the H-TPOAb
proportion between IA-2A-negative and -positive patients
(both P < 0.05) further indicate the relations between
IA-2A and TPOAD titers.

Our study is powered by a large number of GD, HT,
T1DM with AITD and HC patients of whom thyroid
autoantibodies and islet autoantibodies were detected.
However, we still acknowledge the limitations. First
of all, our previous study (26) of 600 Chinese T1DM
patients shows that the positive rates of ZnT8A in
patients who carried DRB1*0901, IA2A in patients who
carried DRB1*0405 and A*1101-DRB1*0901 and GADA in
patients who carried DRB1*0901 and A*2402-DRB1* 0901
were significantly higher than those that not carried. HLA
genotyping and association between HLA haplotype and
islet autoantibodies should be continued in our future
research. Secondly, the lack of dynamic monitoring of
patients' C-peptide and blood glucose metabolic index
limited the observation on the changes of islet p-cell
function and anti-islet autoimmune status. Thirdly, the
discordance of sexual and age proportion among patients
in different groups may decrease the statistical power,
thus, we should further expand the subjects’ population
to avoid it in the future long-term cohort. Last but not
least, some recent studies have shown that patients with
AITD are at increased risk of developing T1DM (19, 38),
however, the presence of any one single autoantibody
appeared not to be predictive for the disease (39, 40, 41).
Unfortunately, there were only three out of 135 patients
who were positive for single-islet autoantibody-developed
diabetes and clinically diagnosed as T2DM. Research on
investigating the potential relations between the islet
autoantibody and special types of diabetes (such as LADA)
should be launched in the future.

Conclusions

In conclusion, an increased prevalence of ZnT8A, as well
as a high prevalence of islet autoimmunity, was found
in both GD and HT patients. It indicates that there is a
potential link between thyroid autoimmunity and islet
autoimmunity. We suggest, therefore, that patients with
AITD may need screening for islet autoantibodies, and
those who are positive for at least one islet autoantibodies
need long-term follow-up for islet function and
blood glucose.
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