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ABSTRACT

During the coronavirus disease 2019 (COVID-19) pandemic, COVID-19 vaccination-induced
hyperglycemia and related complications have been reported. However, there have been

few reports of type 1 diabetes triggered by COVID-19 vaccines in subjects without diabetes.
Here, we report the case of a 56-year-old female patient who developed hyperglycemia after
the second dose of COVID-19 mRNA-based vaccination without a prior history of diabetes.
She visited our hospital with uncontrolled hyperglycemia despite administration of oral
hyperglycemic agents. Her initial glycated hemoglobin level was high (11.0%), and fasting
serum C-peptide level was normal. The fasting serum C-peptide level decreased to 0.269 ng/
mL 5 days after admission, and the anti-glutamic acid decarboxylase antibody was positive.
The patient was discharged in stable condition with insulin treatment. To our knowledge,
this is the first case of the development of type 1 diabetes without diabetic ketoacidosis after
mRNA-based COVID-19 vaccination, and is the oldest case of type 1 diabetes development
under such circumstances.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) is caused by the beta coronavirus severe respiratory
coronavirus syndrome coronavirus 2 (SARS-CoV-2). The pandemic of COVID-19 has a
strong influence on the public health in the world. While diabetes might be a risk factor
which contributes to the severity and mortality of COVID-19,1,2 new-onset diabetes and
severe metabolic complications, including diabetic ketoacidosis (DKA) and hyperosmolarity
have been observed in patients with COVID-19.36 Meanwhile, COVID-19 vaccines are the
most effective strategy for prevention and reduction of severity in the event of COVID-19.6
However, there have been reports of adverse effects such as myocarditis, arrhythmia

and transverse myelitis.”9 COVID-19 vaccination-induced hyperglycemia and related
complications were also reported.10,11 However, there have been scarce reports on type 1
diabetes triggered by COVID-19 vaccines in patients without diabetes. Here, we describe the
case of adult-onset type 1 diabetes after COVID-19 mRNA vaccination without a prior history
of diabetes.
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CASE DESCRIPTION

A 56-year-old woman visited the outpatient department of our hospital for uncontrolled
hyperglycemia in November 10, 2021. She was diagnosed with diabetes with hyperglycemia
(fasting plasma glucose 371 mg/dL) in a local clinic a week before the first visit to our
hospital. She had a 7-day history of thirst, polydipsia, polyuria, and weight loss, which
occurred 7 days before the visit to a local clinic. Oral metformin 1,000 mg, glimepiride 8 mg,
and gemigliptin 50 mg was initiated by the clinic following diagnosis. She had no history

of diabetes, allergy, or autoimmune disease before the second dose of COVID-19 mRNA
vaccination (Moderna®) two months prior. Her mother had a history of type 2 diabetes, but
no one in her family had an autoimmune disease. She never drank alcohol nor did she smoke.
She reported no evidence of diabetes in a medical checkup 6 months prior.

The patient was admitted to the hospital for insulin treatment to control hyperglycemia.
Blood glucose management was initiated with subcutaneous multiple daily injections of
insulin and intravenous fluid replacement. The initial glycated hemoglobin (HbAlc) level
was high (11.0%) and fasting serum C-peptide level was normal (1.74 ng/mL; reference range
1.07-3.51 ng/mL) (Table 1).

She had no fever or other symptoms before admission. Biliary computed tomography (CT)
was performed to identify other causes of hyperglycemia. No abnormal pancreatic findings
were observed on biliary CT (data not shown).

Her blood glucose level was well controlled with multiple daily injections of insulin. However,
the fasting serum C-peptide level decreased to 0.269 ng/mL 5 days after admission, suggesting
the possibility of rapid progressive type 1 diabetes. In addition, the patient was positive for anti-
glutamic acid decarboxylase (GAD) antibody (Table 1). She was discharged in stable condition
with insulin treatment 6 days after admission. The fasting serum C-peptide level decreased to
0.07 ng/mL and anti-GAD antibody was consecutively positive 36 days after discharge.

Table 1. Characteristics and laboratory test results of the patient

Variables Initial (Day 1) Day 5 Day 36 Unit Reference range
Age 56 years

Weight 46.7 kg

BMI 16.95 kg/m?

Glucose 371 121 mg/dL 74-106
HbAlc 11.0 9.6 % 3.9-6.1
GA 28.3 % 11-16
BUN 13 mg/dL 7-20
Creatinine 0.83 mg/dL 0.51-0.95
AST (SGOT) 28 u/L 0-35
ALT (SGPT) 30 u/L 0-35
CO, total 29 mmol/L 21-31
Osmolality, serum 295 mOsm/kg 289-302
Total cholesterol 150 mg/dL 0-200
Triglyceride 52 mg/dL

HDL-C 69 mg/dL

LDL-C 66 mg/dL 0-130
Fasting serum C-peptide 1.74 0.269 0.07 ng/mL 1.07-3.51
Urinary C-peptide (24 hr) 17.2 ug/day 17.2-181
GAD antibody Positive (87.24) Positive (79.29) u/mL Negative < 1.00

BMI = body mass index, HbA1c = glycated hemoglobin, GA = glycoalbumin, BUN = blood urea nitrogen, AST = aspartate aminotransferase, SGOT = serum glutamic
oxaloacetic transaminase, ALT = alanine aminotransferase, SGPT = serum glutamic pyruvic transaminase, HDL-C = high-density lipoprotein cholesterol, LDL-C =
low-density lipoprotein cholesterol, GAD = glutamic acid decarboxylase.
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Ethics statement

This study was approved by the Ethics Committee of Dong-A University School of Medicine in
June 2022 (subject number: DAUHIRB-22-112). The ethics committee waived the requirement
for written informed consent for this case report.

DISCUSSION

We reported a case of type 1 diabetes development following COVID-19 mRNA-based
vaccination. The patient, a woman in her mid-50s, had no history of diabetes, but presented
with hyperglycemia and was positive for anti-GAD antibody 2 months after the second dose of
COVID-19 mRNA-based vaccines. Her history and laboratory results indicated a diagnosis of
type 1 diabetes. In general, adult-onset type 1 diabetes exhibits unique features when compared
to childhood or adolescent-onset type 1 diabetes including higher beta-cell function at the
onset and slower rate of beta-cell deterioration.12 As there is a wide spectrum of fasting serum
C-peptide values at the time of clinical diagnosis, fasting serum C-peptide values in those
diagnosed with type 1 diabetes may be within the normal range at the time of diagnosis.13

Diabetes has been identified as a risk factor contributing to the severity and mortality of
COVID-191,2 and COVID-19 may enhance complications in patients with diabetes.!4 Severe
metabolic complications, including DKA and hyperosmolarity have been observed in patients
with diabetes infected with COVID-19.355 In addition, SARS-CoV-2 has been suggested to be

a potential inducer of new-onset type 1 diabetes.15 Recently, a few new-onset diabetes cases
have been reported following COVID-19 vaccination.10:16 A prior study described three cases

of acute hyperglycemia 20-36 days after administration of the first dose of the COVID-19
vaccine (AstraZeneca®) in obese male patients (two of whom were already prediabetic).10 A
case of fulminant type 1 diabetes following COVID-19 RNA-based vaccination has also been
reported.16 This case report is characterized by no history of diabetes, rapid-onset DKA with
alow HbAlc value, and negative islet-related autoantibodies 10 days after the first dose of
COVID-19 vaccination.16 Another case report described new-onset type 1 diabetes in a 51-year-
old woman with DKA after COVID-19 RNA vaccination.!5 She had hyperglycemic symptoms,
including polydipsia and weight loss after the second dose of vaccination, with a high HbAlc
value and positive insulin autoantibody.17 In the two cases described above, type 1 diabetes was
diagnosed with DKA. However, in our patient, diabetes was diagnosed without DKA or severe
hyperglycemic symptoms, and endogenous insulin secretion was preserved on admission,
unlike typical type 1 diabetes. For this reason, it is possible that the initial diagnosis was delayed
due to a high HbAlc level on admission. Although it cannot be ruled out that the COVID-19
vaccination may have worsened the hidden diabetes, it is possible that hyperglycemia developed
after she received the second dose of the vaccine, given that there was no evidence of diabetes
in the medical checkup 6 months prior. In all three cases, including the two Japanese cases and
our case, all diabetes cases occurred in East Asian women with unknown etiology. Among these
cases, our patient was diagnosed with diabetes at the oldest age.

In addition to type 1 diabetes, other new-onset autoimmune diseases after COVID-19
vaccination have been reported increasingly (e.g., Guillain-Barré syndrome, immune

thrombotic thrombocytopenia, rheumatoid arthritis and Graves’ disease).18

The autoimmune/inflammatory syndrome induced by adjuvants, defines a disease entity
including a broad spectrum of autoimmune/inflammatory conditions.!8 Autoimmune type 1
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diabetes have been reported to be caused by vaccines other than the COVID-19 vaccine, HBV
(11 cases) and HPV vaccine (2 cases).18

Adult-Onset Type 1 Diabetes After COVID-19 Vaccination

The mechanisms of autoimmune activation triggered by COVID-19 vaccine is unclear. Vaccine
adjuvants can increase both innate and adoptive immune responses.!8 Molecular mimicry,
the production of specific autoantibodies against pancreatic islet cells also seems to be a
contributor to autoimmune phenomena.18

SARS-CoV-2 pathogenesis involves viral S protein utilization of the cellular angiotensin-
converting enzyme 2 (ACE2) receptor.1? Despite uncertainty regarding the exact mechanism,
ACE2 receptors, which are expressed in various metabolic tissues, such as pancreatic beta
cells, have been implicated in impaired glucose homeostasis.3 Renin-angiotensin system
(RAS) hyperactivity via ACE2 receptor downregulation following viral entry may impair insulin
receptor signalling.20 In addition, RAS hyperactivity decreases perfusion of the pancreatic
tissue, reduces insulin production, and increases oxidative stress resulting in fibrosis.2! It is
possible that similar responses follow SARS-CoV-2 antigen presentation after vaccination.

Sakurai et al.16 suggested one possible explanation involving an association between melanoma
differentiation-associated protein 5 (MDAS) and B-cell function. MDAS is an innate pathogen
recognition protein. If MDAS recognizes RNA, type I interferons that impair insulin production,
proinsulin conversion, and mitochondrial function in pancreatic $-cells are synthesized.?2 It is
plausible that MDAS recognizes the RNA derived from COVID-19 RNA-based vaccines.

The association between acute rapid-onset type 1 diabetes and COVID-19 vaccine may be just
coincidental, or the vaccines might be more likely to induce new onset type 1 diabetes than
other vaccines. It is necessary to find out the possibility of causal relationship between them.

In summary, as far as we know, this is the first case of acute rapidly onset type 1 diabetes

who did not develop DKA after mRNA-based vaccination in the mid-50’s. Our case report
suggested that COVID-19 vaccination could provoke adult-onset type 1 diabetes in those who
were vaccinated in subjects without history of diabetes. Even in the absence of DKA in patients
with hyperglycemia after mRNA-based vaccination, testing for fasting serum C-peptide and
islet autoantibodies with the possibility of type 1 diabetes should be considered.
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