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Background and aims: Acute onset diabetes and diabetic ketoacidosis (DKA) can be precipitated by severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2) infection in individuals with no history of
diabetes. However, data regarding the follow-up of these individuals are scarce.
Methods: Three patients (data of two patients already published) with acute onset diabetes and DKA,
precipitated by coronavirus disease 2019 (COVID-19), were followed for 14 weeks to assess the behavior
of the diabetes. Detailed history, anthropometry, laboratory investigations, imaging studies, clinical
course and outcomes were documented.
Results: Three individuals developed symptoms suggestive of SARS CoV-2 infection. After a few days,
they were detected to have COVID-19 pneumonia, based on reverse transcription-polymerase chain
reaction (RT-PCR) assay and chest imaging. In the meantime, they also developed acute onset diabetes
and DKA, which were precipitated by COVID-19. They responded well to treatment, including intrave-
nous fluids and insulin. After around one week, they were transitioned to multiple shots of subcutaneous
insulin. After about 4e6 weeks, their insulin requirement diminished and oral antihyperglycemic drugs
were initiated. At the last follow-up (14 months), they had controlled glycemia with oral anti-
hyperglycemic medicines.
Conclusions: COVID-19 can induce acute onset diabetes and DKA in some individuals with no history of
diabetes. These features resemble type 1 diabetes. However, after 4e6 weeks, their requirement for
exogenous insulin diminishes and respond to oral antihyperglycemic medications. Long term follow up is
required to further understand the type of diabetes induced by SARS CoV-2 infection in these individuals.

© 2020 Diabetes India. Published by Elsevier Ltd. All rights reserved.
1. Introduction

COVID-19 can precipitate acute hyperglycemic crises-DKA and
hyperosmolar hyperglycemic state (HHS) in individuals with either
new onset diabetes or previously undiagnosed diabetes [1e7].
Acute onset diabetes and DKA as presenting feature are charac-
teristic of type 1 diabetes. There is a recent report that indicated
that SARS CoV-2 infection induced autoantibody-negative insulin
dependent diabetes in a young Caucasian boy. However, there is no
follow up available to assess the behavior of the diabetes [8]. In this
report, we tried to assess the behavior of the diabetes in three
patients with no history of diabetes, who had developed acute
onset diabetes and DKA after SARS CoV-2 infection. We followed
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our patients till 14 weeks to assess the clinical course and behavior
of the diabetes.
2. Methods

Demographic details, medical history, physical examination,
laboratory investigations including glutamic acid decarboxylase-65
(GAD-65) antibodies, computed tomography (CT) imaging studies,
treatment given, clinical course till 14 weeks and management
outcomes were documented prospectively. Informed consent was
obtained from all patients for the study. DKAwas defined as plasma
glucose >250 mg/dL, a positive test for urine or serum ketones, and
arterial pH < 7.35 and/or serum HCO3 <18 mmol/L.
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Table 1
Patient characteristics, laboratory variables and clinical course of our cases.

Characteristics at admission Case 1 Case 2 Case 3 REFERENCE
RANGE

Age (years) 30 60 34 e

Gender M M M e

BMI (kg/m2) 28.6 26.2 27.3 <23.0
Duration of diabetes Diagnosed at admission Diagnosed at admission Diagnosed at

admission
e

HbA1c (%) 9.6 12.6 12.0 <5.7
Plasma glucose (mg/dL) 555 582 940 <100
pH 7.07 7.30 7.21 7.25e7.35
HCO3 (mmol/L) 6.1 13 14 22e28
Anion gap (mmol/L) 11.9 16.2 17.2 12e18
Lactate (mmol/L) 1.22 1.13 0.82 0.5e1.5
Urinary ketones 4þ (>100 mg/dL) 3þ (61e100 mg/dL) 3þ (61e100 mg/

dL)
Negative
(<10 mg/dL)

CRP (mg/L) 156.6 13.7 26.6 0e10
IL-6 (pg/mL) 60 12 e <6
Ferritin (ng/mL) 817.0 135.0 619.0 17.9e464.0
D-dimer (mg/L) 1.86 0.88 0.40 0.00e0.50
Procalcitonin (ng/mL) 1.04 0.04 e 0.00e0.05
SARS CoV-2 RT-PCR assay Positive positive positive e

COVID-19 severity Severe Moderate Mild e

GAD 65, IgG, serum (IU/mL) <5.00 e <5.0 <10.0
Anti-diabetic medicines at 14 weeks’

follow up
Metformin 500 mg plus sitagliptin 50 mg
combination, twice daily

Metformin SR 500 BID, Sitagliptin
100 mg OD

Metformin
1000 mg BID

e

HbA1c at last follow-up (14 weeks) 6.2 7.4 6.9 <7.0

BMI, body mass index; HbA1c, glycated hemoglobin; CRP, C-reactive protein; GAD65, Glutamic Acid Decarboxylae-65.
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3. Results

Our cases had no history of diabetes prior to the current illness.
All the patients developed symptoms and signs suggestive of SARS
CoV-2 infection. Investigations revealed COVID-19, based on RT PCR
assay and CT chest imaging (Table 1). In the meantime, they
developed acute onset diabetes and DKA, similar to patients with
typical type 1 diabetes (Fig.1). They weremanaged in a tertiary care
facility, in the intensive care unit, with intravenous fluids, antibi-
otics and insulin. They responded well to the treatment. They were
subsequently transitioned to three shots of rapid acting and one
shot of long acting insulin. They achieved good glucose control.
They were discharged from the hospital in the 3rd week, but
multiple shots of insulin were continued as treatment for diabetes.
During follow-up in the outpatient clinic, their requirement for
exogenous insulin diminished and oral antihyperglycemic medi-
cines were added (metformin 1000 mg, twice daily in one patient,
and a combination of metformin 500 and sitagliptin 50 mg, twice
daily in two patients). They continued to maintain good glycemic
control on oral medicines, despite stoppage of insulin. At the last
Fig. 1. Follow-up of patients with acute onset diabetes and diabetic ketoacidosis precipitat
terized by acute onset and DKA as presenting feature. At around 4e6 weeks, exogenous insul
medicines (metformin ± dipeptidyl peptidase-4 inhibitor).
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follow-up (around 14 weeks), all patients had controlled glycemia
(fastings and post-prandials) as well as glycated hemoglobin
(HbA1c) (Table 1). This easy control of diabetes withmetformin or a
combination with DPP-4 inhibitor is a characteristic feature of type
2 diabetes. Thus our patients’ diabetes began like type 1 diabetes
and further clinical course resembled type 2 diabetes (Fig. 1).

4. Discussion

We published a report of two cases who had developed DKA
following SARS-CoV-2 infection [9]. Subsequently, we managed
another patient who presented with DKA and had no history of
diabetes. There is the possibility of COVID-19 either inducing new-
onset diabetes or unmasking previously undiagnosed diabetes.
Another issue is regarding the type of diabetes (type 1 vs. type 2
diabetes). Our patients probably had undiagnosed diabetes which
was unmasked by COVID-19. This was indicated by elevated HbA1c
at the time of admission in all the three patients. The details are
given in Table 1.

In this report, we want to discuss the follow-up of these three
ed by SARS CoV-2 infection. At the onset, diabetes resembles type 1 diabetes, charac-
in requirement diminishes and glycemia can be controlled with oral-antihyperglycemic
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patients, as it further clarified the picture of these patients as far as
their type of diabetes is concerned. Initially, we thought that
COVID-19 has induced type 1 diabetes in these patients, as acute
onset and presentation with DKA are characteristic features of type
1 diabetes. However, when we followed these patients over time.
We noticed that their requirement for exogenous insulin dimin-
ished significantly over 4e6 weeks. We were able to initiate oral
antihyperglycemic medicines (metformin monotherapy or in
combination with a dipeptidyl peptidase-4 inhibitor). All the three
patients maintained good glycemic control with oral anti-
hyperglycemic medicines till the last follow up (around 14 weeks).
Maintenance of good glycemic control on metformin or a combi-
nation with DDP-4 inhibitor is a characteristic feature of typical
new onset type 2 diabetes.

SARS-CoV-2 enters human cells via angiotensin-converting
enzyme2 (ACE2), which is also found in human pancreatic b-
cells, suggesting that SARS-CoV-2 might alter pancreatic b-cell
function and impair insulin secretion [10e12]. Furthermore,
proinflammatory cytokines increase ACE2 expression in b-cells,
thereby enhancing b-cell sensitivity to SARS-CoV-2 during in-
flammatory conditions [12]. In several recently published studies,
patients were reported with DKA associated with COVID-19 [1e7].
In these studies, COVID-19 precipitated DKA in patients who were
not previously known to have diabetes. We hypothesize that SARS
CoV-2 causes direct cytotoxic injury to pancreatic b-cells, thereby
leading to acute deficiency of insulin. This leads to acute onset of
diabetes and precipitates DKA in these patients with otherwise
type 2 diabetes. When the SARS CoV-2 infection abates, pancreatic
b-cells recover over weeks and months, and exogenous insulin
requirement goes down. The patients maintain glycemic control on
oral antihyperglycemic medicines, as is norm in all patients with
new onset or newly diagnosed type 2 diabetes. One report also
described autoantibody-negative insulin dependent diabetes in a
19-year male following SARS-CoV-2 infection [8]. This was not an
autoimmune-mediated type 1 diabetes, as all the five autoanti-
bodies, usually seen in individuals with type 1 diabetes, were ab-
sent. Although authors tried to indicate that their patient had type
1 diabetes caused by direct cytotoxic injury to pancreatic b-cells by
SARS-CoV-2 infection, however, only long-term follow up would
clear the picture regarding type of diabetes [8].

5. Conclusions

COVID-19 can induce acute onset diabetes and precipitate DKA
in some individuals with no prior history of diabetes. Acute onset of
diabetes and DKA as presenting features in adults with previously
no history of diabetes would indicate type 1 diabetes. However,
these patients could be managed with oral antihyperglycemic
medicines once DKA subsides and patients recuperate. Long term
2041
follow-up of these individuals is needed to further understand the
type of diabetes.
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