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Abstract
Interferon α (IFNα) has been reported to induce several autoimmune diseases, including autoimmune thyroiditis
(AITD) and type 1 diabetes (T1D). In addition, co-occurrence of T1D and AITD is well known as one of the variants of
the autoimmune polyglandular syndrome type 3. Meanwhile, there are no reports about the risk of development of IFN
treatment-related T1D in patients with previously diagnosed AITD. We present a single case report about a 61-yearold Japanese woman with Diabetic Ketoacidosis (DKA) three months after the initiation of the combination therapy
with peginterferon α-2b and ribavirin for chronic hepatitis C. She was diagnosed with T1D owing to severely impaired
insulin secretion along with DKA and presence of positive GAD antibody. Her T1D was supposed to be induced by IFN
therapy. She had received the replacement therapy for hypothyroidism resulting from Hashimoto’s thyroiditis for 30
years. The patient had human leukocyte antigens (HLA), DRB1*04:05 and DQB1*04:01, which are associated with a
genetic predisposition for T1D and AITD. Patients with previously diagnosed AITD are assumed to be at high risk for IFN
treatment-related T1D because most patients with T1D triggered by IFN were reported to have genetic susceptibilities
similar to those with classical T1D and AITD. In conclusion, patients with known AITD should be carefully monitored for
their glycemic condition to avoid life-threatening events such as DKA when they receive IFN therapy.
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Introduction
Interferons (IFNs) are cytokines induced by viral infection or
other immune triggers. They are currently utilized in the treatment of
chronic viral hepatitis and several cancers (e.g., renal cell carcinoma and
melanoma) because of their antiviral and antitumor effects. IFNα, which
increases expression of the Major Histocompatibility Complex (MHC)
class I antigen and activities of T cells and natural killer cells [1], causes
some autoimmune diseases including autoimmune thyroid disease
(AITD) and type 1 diabetes (T1D) [2]. In addition, co-occurrence of
T1D and AITD is well known as one of the variants of the autoimmune
polyglandular syndrome type 3 (APS 3 variant). We describe the case
of a patient with diabetic ketoacidosis (DKA) due to T1D induced by
peginterferon α-2b (PEG-IFNα-2b) and ribavirin (RBV) therapy for
chronic hepatitis C during the course of Hashimoto’s thyroiditis. There
are no reports about the risk of development of IFN treatment-related
T1D in patients with previously diagnosed AITD. We report the case
and discuss the association between IFN treatment-related T1D and
AITD.

Case Report
A 61-year-old woman with progressive nausea and appetite loss
visited our hospital. She is a Japanese dressmaker. At the age of 30 years,
she was simultaneously diagnosed with chronic hepatitis C in addition
to hypothyroidism resulting from Hashimoto’s thyroiditis. Her thyroid
function was maintained with levothyroxine administered at a dose
of 50 μg/day to 75 μg/day. At the age of 60 years, combination therapy
with PEG-IFNα-2b (80 µg/week) and RBV (600 mg/day) was initiated
because her liver function became exacerbated, as indicated by an AST
level of 252 IU/L. Her level of HbA1c was 6.3% at the initiation of the
combination therapy and she had never been diagnosed with diabetes
mellitus. Two months after initiating therapy with PEG-IFNα-2b plus
RBV, she experienced weight loss (10 kg in a month) and suffered from
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thirst and polyuria. With a 4-week history of these symptoms, she
visited our hospital because of worsening nausea and appetite loss, and
was admitted on an urgent basis. On admission, her body weight was 44
kg, body mass index was 16.0 kg/m2, consciousness level was E4V5M6
(Glasgow Coma Scale), blood pressure was 132/106 mmHg, pulse rate
was 121/minute, and respiratory rate was 23/minute with Kussmaul
respiration. On physical examination, no remarkable findings were
observed, except dryness of the mouth. Laboratory results revealed
hyperglycemia (blood glucose, 551 mg/dL; HbA1c, 8.3%; and
glycoalbumin, 48.2%). Urine ketone was strongly positive (3+). Venous
blood gas analysis revealed metabolic acidosis with increased anion gap
(pH, 7.238; PCO2, 27.6 mmHg; HCO3−, 11.5 mmol/L; base excess, −14.4
mmol/L; and anion gap, 17.5 mmol/L). Her renal function was normal
(blood urea nitrogen, 22.1 mg/dL; creatinine, 0.67 mg/dL). High blood
glucose accompanied by metabolic acidosis and urine ketone led to
the diagnosis of DKA. The level of anti-glutamic acid decarboxylase
(GAD) antibody was markedly high (2000 U/mL, determined by
radioimmunoassay). Her insulin secretion was severely impaired;
serum C peptide was 0.05 ng/mL during fasting and 0.08 ng/mL at 2
hours post-prandium, and urinary excretion of C peptide was 1.61 µg/
day. She was diagnosed with T1D owing to severely impaired insulin
secretion along with DKA and presence of positive GAD antibody. Her
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Figure 1: Clinical course of the patient.

human leukocyte antigen (HLA) types included DRB1*04:05/14:05 and
DQB1*04:01:01/05:03:01, which indicate high susceptibility to T1D.
Although serum lipase (78 IU/L) and elastase-1 (302 ng/dL) levels
were elevated on admission, symptoms suggestive of acute pancreatitis
were not observed. Abdominal ultrasonography revealed chronic liver
damage (a dulled edge of the right hepatic lobe), and liver cirrhosis was
ruled out. She had no complications associated with diabetes.
The clinical course is summarized in Figure 1. On admission,
continuous insulin injection (two to four units/hour) and fluid
administration were started. Her blood gas was normalized on the
second day. Subsequently, basal-bolus insulin therapy was initiated. At
the time of discharge, she was administered insulin glargine, 5 units/
day and insulin aspart, 20 units/day. The titer of GAD antibody was
elevated to 39,000 IU/mL at three months after discharge and then
peaked (Figure 1). Her HbA1c remained around 7.5% with 25 units to
30 units of insulin per day after discharge.
Her antithyroglobulin antibody level was elevated (47 IU/mL) on
admission, which was compatible with Hashimoto’s thyroiditis. Her
thyroid function had been maintained with 75 µg of levothyroxine at the
initiation of PEG-IFNα-2b and RBV therapy. However, her TSH level
was transiently elevated to 20 µU/mL one month after the initiation of
combination therapy and then spontaneously normalized (Figure 1).
Since then, her thyroid function has been normal (TSH, 0.66 µL/mL
and free T4, 1.4 ng/dL) with levothyroxine 75 μg.
PEG-IFNα-2b and RBV were discontinued on admission because
they were suspected of inducing T1D. Although IFN-RBV therapy
was not completely accomplished, the patient achieved a sustained
virological response. She remained negative for hepatitis C virus (HCV)
RNA for two years since discontinuation of the therapy (Figure 1).

Discussion
The case at presentation partly fulfilled the diagnostic criteria of
fulminant T1D, with HbA1c level <8.7%, urinary C-peptide excretion
rate <10 µg/day, and fasting serum C-peptide level <0.3 ng/mL and
<0.5 ng/mL post-prandium [3]. However, the duration from the
onset of hyperglycemic symptoms to occurrence of DKA was about
4 weeks, which did not meet the criterion of fulminant T1D. Isletrelated autoantibodies, such as antibodies against GAD, islet-associated
antigen 2, and insulin, are generally undetectable in fulminant T1D [3].
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However, the titer of GAD antibody was markedly high in this case.
Therefore, the presenting case would be diagnosed as acute-onset T1D
[4] based on a high titer of GAD antibody and the time taken for onset
of symptoms. Although it is unknown when GAD antibody converted
to be positive in this case, the patient is hypothesized to newly develop
T1D induced by IFNα, considering the clinical course.
IFNα is known to increase MHC class I antigen expression and
activities of T cells and natural killer cells [1]. Although the pathogenesis
of IFN treatment-related T1D has not been clearly elucidated, an
association between IFNα and T1D has been reported. Huang et al. [5]
reported that IFNα was significantly overexpressed in the pancreases
of patients with T1D. Stewart et al. [6] reported that transgenic mice in
which β cells overexpressed IFNα developed hypoinsulinemic diabetes,
and a neutralizing antibody against IFNα prevented its development.
The rate of incidence of IFN treatment-related T1D in Japan
is reported to be 0.7% to 0.96% [2]. Further, PEG-IFN and RBV
combination therapy shortens the time period from the initiation of
IFN therapy to the onset of T1D compared with single therapy with
nonpegylated IFN [7]. The results of a nationwide survey of IFN
treatment-related T1D in Japan were reported in 2011 [7]. In this
survey, HLA-DR4 (34.6% of total subjects) and DR9 (26.9% of total
subjects), which are known as classical T1D susceptibility HLA-DRs
in the Japanese population [8], were associated with IFN treatmentrelated T1D [7]. In addition, the prevalence of HLA-DR13 (15.4% of
total subjects) was specifically higher in patients with IFN treatmentrelated T1D than in healthy control subjects and patients with classical
T1D [7]. The results of the nationwide survey in Japan [7] indicated that
patients with HLA-DR4 or HLA-DR9, who are naturally susceptible to
T1D, are likely to develop T1D triggered by IFN therapy. In addition,
IFN-associated T1D is characterized by a higher level of GAD
antibodies [9], which applies equally to the present case whose levels of
GAD antibodies were 2000 IU/mL on admission and 39,000 IU/mL at
3 months after diagnosis.
IFN therapy has also been noted to trigger AITD. Some studies
have reported that 1% to 40% of IFN-treated patients developed
positive thyroid autoantibodies, and 3.4% to 31.3% developed AITD
during IFN therapy [10]. Therefore, thyroid function should be closely
monitored during IFN therapy. Possible mechanisms for development
of IFN- induced thyroiditis include MHC class I upregulation, Th1
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switching and direct effects on the thyroid [10]. There are some
reports of co-occurrence of T1D and AITD in patients receiving IFN
therapy [11]. In the nationwide survey in Japan described above, cooccurrence of T1D and AITD was observed in 27.5% of patients
with IFN treatment-related T1D [7]. However, the rate of patients
who had previously diagnosed with AITD before initiation of IFN
therapy was not reported in this survey. The patient in our study was
characterized by precedence of overt hypothyroidism before initiation
of IFN therapy. In addition, TSH was transiently elevated immediately
after initiation of IFN therapy (Figure 1). Although the etiology of the
transient elevation of TSH remained unclear, there are two possibilities.
One is that transient exacerbation of AITD may have occurred due to
modulation of thyroid autoimmunity by IFN. The other is that thyroid
function may have suppressed by de novo thyroiditis directly induced
by IFN as Oppenheim et al. [10] reported. In case of the former, the
titers of thyroid autoantibodies would have changed; however, we were
not able to compare those of before and after initiation of IFN therapy.
The co-occurrence of T1D and AITD is frequently observed,
which is one of the variants of APS 3. The frequency of positive thyroid
antibodies in T1D has been reported as 8% to 44% [12], and 16% to 50%
of these patients progress to clinical AITD [13]. The association between
T1D and AITD is most likely due to shared genetic predisposition [13].
Several loci and genes that are involved in immune regulation have
been shown to contribute to the joint susceptibility to T1D and AITD
[13]. HLA class II genes play a major role in the joint susceptibility
to T1D and AITD. DR3 and DR4, especially DR3-DQB1*02:01 and
DR4-DQB1*03:02, have been reported to be associated with the
combined phenotype of T1D and AITD in Caucasians. In addition,
the study in Japan has shown the association of HLA-DRB1*08:02DQA1*04:01-DQB1*04:02, DRB1*04:05-DQA1*03:03-DQB1*04:01
and DRB1*08:02-DQA1*03:01-DQB1*03:02 with T1D and AITD [14].
In the presenting case, DRB1*04:05 and DQB1*04:01 might share a
genetic predisposition for T1D and AITD.
To our knowledge, it remains to be elucidated whether T1D is more
likely to be induced by IFNα in patients with previously diagnosed
AITD. However, AITD is assumed to be a possible risk factor for IFN
treatment-related T1D because the majority of patients with T1D
triggered by IFN have genetic predispositions similar to those with
classical T1D and AITD. In this case, transient suppression of thyroid
function, which may have come from exacerbation of thyroiditis, and
development of T1D were observed at nearly the same time. This
phenomenon may have reflected the common immunological changes
on thyroid and pancreas derived from IFN therapy.

Conclusion
We have described the case of a patient with Hashimoto’s disease that
subsequently developed T1D induced by IFN therapy. She had HLA-
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DRB1*04:05 and DQB1*04:01 as a common genetic predisposition for
T1D and AITD. Patients with AITD are assumed to be at high risk for
IFN treatment-related T1D because the majority of patients with T1D
triggered by IFNα have genetic predispositions similar to those with
classical T1D and AITD. Therefore, patients with known AITD should
be closely monitored for their glycemic condition during IFN therapy
to avoid life-threatening events such as DKA.
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