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ABSTRACT

Introduction: The coronavirus disease 2019
(COVID-19) pandemic became superimposed
on the pre-existing obesity and diabetes melli-
tus (DM) pandemics. Since COVID-19 infection
alters the metabolic equilibrium, it may induce
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pathophysiologic mechanisms that potentiate
new-onset DM, and we evaluated this issue.

Method: A systematic review of the literature
published from the 1 January 2020 until the 20
July 2023 was performed (PROSPERO registra-
tion number CRD42022341638). We included
only full-text articles of both human clinical
and randomized controlled trials published in
English and enrolling adults (age > 18 years
old) with ongoing or preceding COVID-19 in
whom hyperglycemia was detected. The search
was based on the following criteria: “(new-onset
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diabetes mellitus OR new-onset DM) AND
(COVID-19) AND adults”.

Results: Articles on MEDLINE (n = 70) and the
Web of Science database (n = 16) were included
and analyzed by two researchers who selected
20 relevant articles. We found evidence of a
bidirectional relationship between COVID-19
and DM.

Conclusions: This link operates as a patho-
physiological mechanism supported by epi-
demiological data and also by the clinical and
biological findings obtained from the affected
individuals. The COVID-19 pandemic raised the
incidence of DM through different pathophys-
iological and psychosocial factors.
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2 infection; Coronavirus disease 2019
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Key Summary Points

The coronavirus disease of 2019 (COVID-
19) pandemic became superimposed on
the pre-existing obesity and diabetes
mellitus (DM) pandemics. Since COVID-
19 infection alters the metabolic
equilibrium, it may induce
pathophysiologic mechanisms that
potentiate new-onset DM.

A systematic review of the literature was
performed based on the following criteria:
“(new-onset diabetes mellitus OR new-
onset DM) AND (COVID-19) AND adults”.
Articles on MEDLINE (n = 67) and the
Web of Science database (n = 16) were
included and analyzed by two researchers
who selected 17 relevant articles.
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We found evidence of a bidirectional relationship
between COVID-19 and DM. This link operates as a
pathophysiological mechanism supported by
epidemiological data and also by the clinical and
biological findings obtained from the affected
individuals.

INTRODUCTION

The severe acute respiratory syndrome coron-
avirus-2 (SARS-CoV-2) virus precipitated a new
infectious diseases pandemic, with > 650 mil-
lion cases and > 6.6 million deaths worldwide
[1]. This new pandemic overlaps the current
metabolic pandemics represented by diabetes
mellitus (DM) and obesity. COVID-19 has been
described as worsening the metabolic parame-
ters of DM, while, on the other hand, the pres-
ence of DM, especially poor glycemic control,
can lead to the development of more severe
forms of COVID-19 with increased mortality
rates [2, 3].
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Patients with DM may have impaired
immune responses, since hyperglycemia can
favor hypoxia and maintain a heightened sys-
temic inflammatory tone [4]. Some immune
cells such as natural killer (NK) cells have been
described as having a significant role in the
atherosclerosis process [5] besides their well-
studied protective role in SARS-CoV-2 infection
in the last 3 years [6]. Researchers discovered
that NK cells undergo important alterations in
obesity, T2DM, and cardiovascular atheroscle-
rotic disease (CAD) [5], with all of these effects
leading to serious immunomodulation in these
patients in the case of COVID-19. DM has been
associated with more severe forms of SARS-CoV-
2 infection, and patients with obesity and DM
had higher mortality rates than persons without
these conditions [7].

Using different mechanisms, the SARS-CoV-
2 virus triggers the new onset of both type 1 DM
(T1DM) and type 2 DM (T2DM). Viral infections
are well-known triggers for both T1DM and
T2DM; namely, Epstein-Barr virus or coxsack-
ievirus are triggers for autoimmune T1DM [8§]
and hepatitis C virus is a trigger for T2DM [9].
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Several mechanisms by which the SARS-CoV-
2 virus can lead to hyperglycemia have been
described, including (i) direct damage to pan-
creatic B-cells (secondary to SARS-CoV-2 bind-
ing to angiotensin-converting enzyme 2 (ACE2)
receptors present on the surface of the pancre-
atic islets), (ii) the stress response promotes the
increased release of catecholamines and gluco-
corticoids, and (iii) increased inflammatory
activity, which intensifies insulin resistance
[10]. Moreover, COVID-19 treatment can also
cause hyperglycemia, considering that in mod-
erate and severe forms of the infection, patients
may benefit from corticosteroid therapy. This
corticosteroid metabolic side effect may act as
an add-on factor that leads to hyperglycemia.

There is also an indirect effect of the COVID-
19 pandemic represented by the lockdown per-
iod, which led to the delay of medical
appointments and inappropriate care of
patients with chronic diseases like diabetes and
ultimately increased death rates [11]. Further-
more, the isolation measures resulted in loneli-
ness, social isolation, depression, anxiety,
reduced physical activity, and unhealthy eating
patterns with excess alcohol consumption and
weight gain, which, taken together, increased
the risk of DM significantly and delayed the
detection of pre-existing hyperglycemia
[12, 13]. Finally, all these factors, combined
with the direct effects of SARS-CoV-2 infection
itself, led to an increased incidence of diabetic
ketoacidosis (DKA) among newly diagnosed and
pre-existing T2DM, while, at the same time,
data for patients with T1DM are less clear [14].

The significance of new-onset DM among
patients with COVID-19 is reflected by their
more significant metabolic burden, including
dyslipidemia, high blood pressure (HBP), obe-
sity, coronary artery disease, or chronic kidney
disease, all of which contribute to poorer car-
diometabolic outcomes from SARS-CoV-2
infection [15]. Beyond the metabolic point of
view, a patient with COVID-19 infection and
T2DM has a poorer prognosis and is more likely
to develop severe forms of COVID-19 infection
and die from them [4].

AIM OF THE STUDY

This systematic review aimed to identify/estab-
lish the possible connection between new-onset
DM and SARS-CoV-2 infection in terms of epi-
demiologic data, acute DM complications (e.g.,
DKA), and pathogenic, inflammatory, or
immunological mechanisms for a better under-
standing of this new pathology. This article is
based on previously conducted studies and does
not contain any new studies with human par-
ticipants or animals performed by any of the
authors.

METHODS

We developed an easily reproducible protocol
for our study by following the recommenda-
tions of the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA)
for the systematic review protocol checklist.
Furthermore, we used the Population, Inter-
vention, Comparison, Outcome and Study
Design (PICOS) strategy to guide our study
rationale and to carry out a clear, useful, and
systematic literature search. A systematic review
of the literature published from 1 January 2020
until 20 July 2023 was performed using PROS-
PERO registration number CRD42022341638.
We included only full-text articles of human
clinical and randomized controlled trials pub-
lished in English, enrolling  adults
(age > 18 years old) with ongoing or preceding
COVID-19 in whom hyperglycemia was detec-
ted. The search was based on the following cri-
teria: “(new-onset diabetes mellitus OR new-
onset DM) AND (COVID-19) AND adults”.
Seventy articles on MEDLINE and 16 on the
Web of Science database were included and
analyzed by two researchers, who selected 20
relevant ones (Fig. 1). Two researchers, TS and
ICB, individually performed the screening in
order to find articles relevant to our theme of
interest, and any disagreements that occurred in
the selection process were settled by a third
reviewer (APS). Studies that were only full-text
original articles published in English in the last
3 years and were only on the adult human
population (age over 18 years old) were selected
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Fig. 1 Flowchart of the study selection process according to the PRISMA (Preferred Reporting Items for Systematic

Reviews and Meta-Analyses) recommendations

for a full-text review. This systematic review
included 20 studies. We wused the New-
castle-Ottawa Quality Assessment Scale to
evaluate the quality of the trials, and we only
included studies that scored intermediate (4-6
points) or high (7-9 points) on this scale.
Additionally, we used the Cochrane risk-of-bias
tool (RoB2 version) to assess the quality of
RCTs, and we only included low-risk bias stud-
ies. In terms of data extraction, TS and ICB
primarily searched the studies for the incidence
of DM, COVID-19 severity metabolic conse-
quences, effects of COVID-19 treatment on DM
incidence, and linked pathophysiologic mech-
anisms in DM and COVID-19, and then com-
pared their results to minimize bias. We
extracted the following data: authors,

publication year, study design, number of
patients meeting the inclusion criteria, number
of patients with COVID-19, number of controls,
main outcome (odds ratio/hazard ratio and 95%
confidence interval), and follow-up time. The
studies found present both clinical and
methodological heterogeneity in a manner that
did not permit statistical analysis.

RESULTS

New-Onset DM and DKA in COVID-19
Illness

The high prevalence of DKA and hyperosmo-
larity, with a need for higher insulin doses in
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patients with COVID-19, raised the question of
a possible new type of DM [16]. Ghash et al.
reported a case of new-onset DM with DKA and
DM-specific symptoms that underline their
association’s importance for a correct diagnosis
[17]. Gentile et al. emphasize that attention
should be paid to several categories of patients
with new-onset DM—(i) impaired fasting glu-
cose and impaired glucose tolerance with per-
sistently normal glycated hemoglobin (HbA;.)
levels, (ii) temporary hyperglycemia in any
acute or severe inflammatory disease, or (iii)
symptoms and signs of ketoacidosis specific to
DM—because there are frequent cases of mis-
diagnosing DKA in events with high blood
glucose levels accompanied by respiratory aci-
dosis and malnutrition-driven ketosis or other
conditions that were not sufficiently investi-
gated [16]. However, it is important to empha-
size that the newly diagnosed DM may also
represent the unmasking of existing DM driven
by the sudden metabolic disturbances caused by
COVID-19 illnesses [17].

COVID-19, ACE2 Receptors, and New-
Onset DM

The hypothesis that the binding of SARS-CoV-2
to ACE2 receptors increases the risk of devel-
oping DKA has some conceptual support [16].
First, ACE2 receptors serve as the entry point for
SARS-CoV-2, and its expression is downregu-
lated after endocytosis of the virus complex, so
the entry of SARS-CoV-2 into pancreatic islet
cells may directly cause B-cell injury but can
also lead to unopposed angiotensin II action,
which may directly impede insulin secretion
and the insulin signaling pathway [18-20]. In
addition, the binding of SARS-CoV-2 to ACE-2
receptors provokes a decrease in glucose uptake
into musculoskeletal cells, an increase in lipol-
ysis in adipocytes, and an increase in hepatic
gluconeogenesis [17]. Aldosterone-stimulated
secretion can also lead to hypokalemia, further
impairing insulin secretion [19, 20]. Besides the
aforementioned mechanisms, reported autoim-
mune mechanisms include direct cellular lytic
effects from the viral replication process and
host autoimmunity secondary to the

inflammatory response of autoreactive lym-
phocytes [18, 20]. Islet cell destruction sec-
ondary to SARS-CoV-2 infection can be an
autoimmune pathophysiological mechanism,
though this infection determines hyper-
glycemia in patients with COVID-19.

However, pre-existing DM predisposed
patients to develop acidosis and ketoacidosis in
cases of hospitalization for confirmed COVID-
19, since Ketosis or ketonuria was present in
6.4% of a 658-patient cohort study [16]. Data
from a smaller analysis (102 patients) reported
negative ketone urinary tests in patients with
newly diagnosed diabetes and SARS-CoV-2
infection and marked hyperglycemia
(148-321 mg/dl) [21].

The Inflammatory Aspects

It is still unclear if the inflammatory cascades
occurring in DKA and severe COVID-19 act
synergistically, given that elevated interleukin-6
levels play an essential part in a maladaptive
immune response to the SARS-CoV-2 virus [16]
leading to new-onset T1DM with more severe
DKA cases (44.3% in 2020 vs. 36% in 2019 in
Germany) [20].

Gupta et al. reported that ketosis-prone dia-
betes (KPD), characterized by new-onset DM
associated with ketosis/ketoacidosis in the
presence of negative glutamic acid decarboxy-
lase (GAD®6S5), insulinoma-associated-2 (IA2),
and zinc transporter 8 (ZnT8) autoantibodies
(A —), and with B-cell secretion (A— B+ DM), is
initially characterized by more severe DKA,
worse glycemic control, and insulin depen-
dence [10]. GADG6S5, 1A2, and ZnT8 have been
described as autoimmune biomarkers in
patients with islet cell destruction in type 1 DM;
they are present from stage 1 of this condition
when hyperglycemia has not yet occurred [22].
Meanwhile, this DM phenotype may associate
subsequent complete B-cell function recovery
(B+) with a significant improvement in gly-
cemic control without a high insulin dose
demand or even in patients not dependent on
insulin therapy administration at follow-up
(Table 1) [10].
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New-Onset DM Epidemiology

Ghosh et al. reported a similar incidence of
new-onset DM before COVID-19 or during
COVID-19 illness, but the latter group pre-
sented higher levels of fasting blood glucose
(203 £ 97 vs 163 + 66 mg/dL, p < 0.001), post-
prandial blood glucose (303 £ 127 s
238 £ 97 mg/dL, p < 0.001), HbA;. (10.1 £ 2.5
vs 9.2 £ 2.4%, p < 0.001), and fasting C-peptide
(2.5 £3.07vs 1.9 + 1.7 pmol/ml; p = 0.254) [2]
(Table 1).

Cariou et al. evaluated 67 patients with
newly diagnosed DM along with 176 patients
with established T2DM. The newly diagnosed
DM patients presented at a younger age
(61.9 £ 11.3 vs 64.1 £ 10.7 years, p =0.171),
had less HTN (41.5 vs 79.4%, p < 0.0001) and
cardiovascular diseases (CVD) (13.8 vs 36.5%,
p =0.002), and were more unlikely to be on
statins (10.4 vs 47.2%, p < 0.001). In addition,
these patients had a longer duration between
the onset of COVID-19 symptoms and hospi-
talization (6 vs. S days, p = 0.0185) and higher
CRP levels (OR:1.37, 95% CI 1-1.88, p = 0.04).,
The between-group plasma glucose levels on
admission were not different (OR: 1.25, 95% CI
0.91-1.71, p=0.16). The newly diagnosed
patients with diabetes had a greater need for
hospitalization at 7 days (OR: 0.39, 95% CI
0.17-0.96, p < 0.05); however, there was no
significant difference at 28 days (OR: 0.69, 95%
CI 0.37-1.31, p > 0.05) [23], as seen in Table 1.

Qeadan et al. reported that in the United
States, patients with a COVID-19 diagnosis had
a 42% increased risk for new-onset TIDM (OR:
1.42, 95% CI 1.38-1.46) compared with those
without COVID-19, with a higher risk for males
(OR: 1.49, 95% CI 1.42-1.55) than for females
(OR: 1.36, 95% CI 1.30-1.42). As far as race/
ethnicity is concerned, the observed risks were:
American Indian/Alaskan Native (OR: 2.30, 95%
CI 1.86-2.82), Asian/Pacific Islander (OR: 2.01,
95% CI 1.61-2.53), Black (OR: 1.59, 95% CI
1.47-1.71), Hispanic (OR: 1.52, 95% CI
1.41-1.63), and White (OR: 1.18, 95% CI
1.13-1.23). Additionally, individuals from the
Northeast region with a COVID-19 diagnosis
had the highest risk of developing T1DM (OR:
1.71, 95% CI 1.61-1.81). Marital status did not

impact T1IDM risk among patients diagnosed
with COVID-19 [24].

A study conducted in Ethiopia reported that
31.1% of COVID-19 patients developed new-
onset DM, with T2DM prevailing (83.6%).
Researchers found that male sex (aOR = 2.9,

95% CI 1.2, 7.1,p=0.018), obesity
(@OR=3.1,95% CI 1.01, 8.90, p=0.048),
higher potassium levels at admission

(@OR =9.3,95% CI 1.8, 47.3, p = 0.007), and a
family history of HTN (aOR = 3.7, 95% CI 1.3,
10.5, p = 0.012) all increased the risk for new-
onset DM after COVID-19 infection. In addi-
tion, they demonstrated that the presence of
pulmonary embolism is associated with 85%
fewer cases of new-onset DM (aOR = 0.15, 95%
CI 0.06, 0.40, p < 0.001) [25].

Keerthi et al. evaluated 100 patients with
COVID-19 and discovered that new-onset DM
(NODM) was associated with a family history of
DM (p < 0.001), higher BMI (p < 0.001), dura-
tion of need for supplemental oxygen or par-
enteral steroids (p < 0.001), the severity of
infection at the time of admission (p = 0.006),
and diabetic ketoacidosis (p = 0.0275). More-
over, 10.3% of patients without diabetes devel-
oped new-onset prediabetes (NOPD), and 13.8%
developed NODM, while 16.6% of patients with
prediabetes advanced to NODM [26].

A study from the United Arab Emirates
reported comparable data on new-onset DM
and new-onset prediabetes. Alkhemeiri et al.
followed patients with COVID-19 from
November 2020 to the end of April 2021 and
discovered a rate of new-onset DM of 9.8%, with
a majority of type 2 DM (97.7%) and a 2.3%
prevalence of new-onset prediabetes. The most
common associated conditions were HTN
(65.4%), obesity (44.2%), and coronary artery
disease (18.9%) [27].

A recent cohort study including 629.935
patients from 1 January 2020 to 31 December
2021 and using the British Columbia COVID-19
Cohort platform reported that the incidence of
DM was higher in positive-SARS-CoV-2-tested
patients than in patients with negative SARS-
CoV-2 tests (672.2 per 100.000 patients-year vs.
508.7 per 100.000 patients-year, p < 0.001) [28].

Similar results came from a Korean cohort
study including 348,180 patients diagnosed
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with COVID-19 from January 2020 to Septem-
ber 2021 [29]. Likewise, in Canadians [26], Choi
et al. found that COVID-19 is associated with a
greater risk for newly diagnosed DM (aHR 1.30;
95% CI 1.27-1.33), and this risk is in proportion
with the COVID-19 severity, so patients admit-
ted to the ICU presented the highest risk (aHR
1.78, 95% CI 1.59-1.99) [29].

A cohort study including 994,722 individu-
als evaluated patients diagnosed with COVID-
19 using the International Classification of
Diseases (ICD-10 U07.1) from 20 January 2020
to 20 January 2021 and compared them to
patients diagnosed with influenza (ICD-10 JO9-
J11) from 20 January 2018 to 20 January
2021. Patients with mild COVID-19 presented a
1.54 (95% CI 1.46-1.62) times higher risk for
new-onset DM compared to those with mild
influenza (the control group). The same higher
risk was present among patients with moder-
ate/severe COVID-19 compared with controls
with moderate/severe influenza (RR 1.46 [95%
CI 1.26-1.69]) [30].

A cohort study that was based on the
Cleveland Clinic COVID-19 registry and inclu-
ded 81,093 patients who tested positive for
COVID-19 between March 2020 and May 2021
evaluated the influence of SAR-CoV-2 infection
on glycemia and diabetic ketoacidosis. Patients
with positive COVID-19 tests had a greater risk
for T2DM diagnosis post-infection (N = 326/
2,433) compared to patients who tested nega-
tive for COVID-19 (N =380/6,594; OR
1.4, P < 0.001) [31].

A cohort study including 181,280 partici-
pants from the US Department of Veterans
Affairs national databases evaluated the patients
who tested positive for SARS-CoV-2 infection
between March 2020 and September 2021.
Researchers demonstrated an increased risk (HR
1.40, 95% CI 1.36-1.44) of incident diabetes
compared to patients with no evidence of SARS-
CoV-2 infection enrolled in the same period in
addition to the period between March 2018 to
September 2018 [32].

C-Peptide and Immunological Status
in COVID-19 and DM

When comparing the newly diagnosed patients
with DM during the COVID-19 pandemic, the
available studies report no differences in risk
factors or biochemical parameters regarding
COVID-19 antibody status [2]. Although
patients with new-onset DM during the COVID-
19 pandemic had a worse glycemic status com-
pared with those with new-onset DM before the
COVID-19 pandemic, the researchers did not
find a significant difference between C-peptide
levels in new-onset DM vs new-onset DM
COVID-19 patients (1.9 £ 1.7 vs
2.5 £ 3.07 pmol/ml; p =0.254). These results
are consistent with the idea that there are no
differences in beta-cell damage between newly
diagnosed DM during COVID-19 and newly
diagnosed DM before COVID-19 [2].

New-Onset Hyperglycemia in COVID-19

Mithal et al. reported new-onset hyperglycemia
in patients hospitalized for COVID-19. Patients
in the DM group were older (59.8 £ 12.1 vs
47.7 £ 16.5; p <0.001) and they had higher
proportions with HTN (111 + 58.7 vs 53 £+ 25;
p<0.001), CKD (10£53 vs 2£0.9;
p=0.016), and coronary artery disease
(26 +£13.8 vs 9 +£4.2; p=0.001). Also, more
patients in the DM group had glucocorticoid
therapy compared with the control group
(148 £ 78.3 vs 115 + 54.2; p < 0.001) [15].

Unbhealthy Lifestyle During the COVID-19
Pandemic

During the COVID-19 pandemic, people adop-
ted unhealthy diet patterns, partly in the con-
text of lifestyle changes during pandemic
restrictions. Researchers proposed that lifestyle
changes including smoking cessation, limita-
tion of alcohol consumption, healthy food
choices with balanced micro- and macronutri-
ent proportions, and good sleep quality may
improve health outcomes in patients with
SARS-CoV-2 infection [33].
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Fig. 2 Different mechanisms proposed as possible causes of hyperglycemia in SARS-CoV-2 infection

We synthesized the proposed mechanisms
through which SARS-CoV-2 infection may lead
to hyperglycemia in patients, as presented in
the included studies (Fig. 2).

DISCUSSION

Different aspects of the relationship between
DM and COVID-19 have been studied since the
outbreak of the COVID-19 pandemic.

COVID-19 and New-Onset DM

One of the aspects is the difference in incidence
and prevalence between newly diagnosed and
pre-existing DM among COVID-19 patients. A
systematic review and meta-analysis of eight
studies on 3711 patients reported a prevalence
of 14.4% for newly diagnosed DM and a preva-
lence of 14.8% for pre-existing DM among
patients hospitalized for COVID-19, underlin-
ing the importance of this new entity [34].
The Coronavirus SARS-CoV-2 and Diabetes
Outcomes (CORONADO) study reported a

prevalence of 2.8% for newly diagnosed DM in
patients hospitalized for COVID-19. In this
study, new-onset DM patients did not have a
worse COVID-19 prognosis than patients with
pre-existing DM, since the first group did not
share the same comorbidities as the latter (CVD,
microvascular complications, HTN, dyslipi-
demia, etc.). This included > 60% male partici-
pants with a mean age of around 70 years and
T2DM in > 80% of cases. The need for tracheal
intubation for mechanical ventilation and
death within 7 days of admission were associ-
ated with a higher body mass index (BMI),
dyspnea, lymphopenia, and high alanine
transaminase activity and CRP levels, but not
with age, sex, long-term glucose control, and
usage of different classes of medication [22]. In
contrast, others have found a relationship
between long-term glucose control and
immune response in SARS-CoV-2 infection [35].
However, Fadini et al. reported that newly
detected DM and hyperglycemia are associated
with a worse COVID-19 prognosis compared
with pre-existing DM. Higher glucose levels at
admission were associated with COVID-19
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severity, particularly in patients without pre-
existing DM. Furthermore, admission glucose
level correlated with most clinical severity
indexes, and its relation to adverse COVID-19
outcomes was mainly mediated by a deterio-
rating respiratory function [36]. Katsiki et al.
reported that higher rates of mortality are
associated with pre-existing DM or uncon-
trolled hyperglycemia, while in-hospital mor-
tality rates are increased in the case of patients
with DM and DKA; also, in that case, it is
important to obtain good glycemic control,
reflected by a tight glycemic variation between
lowest fasting blood glucose (BG) and 2 h post-
prandial BG [37]. Interestingly, some authors
describe diabetic lung as a restrictive pulmonary
disease with impairment of diffusion capacity
and lung volumes attributed to the effects of
DM on pulmonary function, which could, at
least in part, explain why patients with DM had
a worse COVID-19 prognosis [38].

The new-onset DM COVID India study [2]
was conducted to better understand the differ-
ences between new-onset DM before and
throughout the COVID-19 pandemic. The study
reported that patients with new-onset DM dur-
ing the COVID-19 pandemic had higher gly-
cemic indices, HbA,., and CRP levels than new-
onset DM cases before the pandemic, empha-
sizing the effects of SARS-CoV-2 on glucose
metabolism. However, researchers highlighted
that there were no differences in glycemic pro-
file or C-peptide level between new-onset DM
patients during the pandemic and new-onset
DM cases before the pandemic [2]. These results
call attention to the implication of SARS-CoV-2
infection in metabolic parameters, leading the
way to future research investigating the implied
pathophysiological mechanisms.

A recent meta-analysis including 17 studies
of 38,149 youths revealed a higher diabetes
mellitus incidence rate (incidence rate ratio
[IRR] 1.14; 95% CI 1.08-1.21) during the first
year of the SARS-CoV-2 pandemic compared to
the pre-pandemic period [39]. However, these
data may be interpreted in the context of con-
siderable heterogeneity, which highlights the
need for future studies with homogeneous
inclusion criteria, disease management, and
outcome measurements.

A multicenter study conducted in the UK
revealed an 80% increase in T1DM incidence
between 24 March and 4 June 2020 compared to
a before the COVID-19 pandemic struck. How-
ever, these results were seen in only two of five
inpatient clinics and have to be interpreted in
the context of a small sample size (30 patients)
[40].

In comparison, a study conducted in Roma-
nia showed that the incidence of T1DM
increased by 16.9% in 2020 compared to pre-
ceding years, suggesting that SARS-CoV-2
infection may represent a trigger for T1DM
onset. Also, the authors took into account the
seasonal distribution of new DM cases. They
observed that, in 2020, the proportion of cases
diagnosed between July and December (57.8%)
was significantly higher (p < 0.0001) compared
to the same period in previous years (51%) [41].

SARS-CoV-2 Infection: Immunological
Aspects in DM Pathogenesis

Another topic that has been widely studied is
the pathophysiological connection between
SARS-CoV-2 infection and the type of DM. A
pathway specific to T1DM is the autoimmune
destruction of pancreatic B-cells, which could
potentially be induced by SARS-CoV-2 [16-18].
For T2DM, different mechanisms can contribute
to its development, including SARS-CoV-2
binding to ACE2 receptors present on the sur-
face of the pancreatic islets, greater release of
catecholamines and glucocorticoids, and an
increased systemic inflammatory activity lead-
ing to greater insulin resistance [10].
Glucocorticoids are among the drugs most
frequently used in hospitalized patients with
COVID-19, especially those needing respiratory
support [42]. Brooks et al. [42] conducted a
systematic review to describe the management
of  glucocorticoid-induced  hyperglycemia
(GCIH). They described the triple insult in
patients with severe COVID-19 treated with
glucocorticoid therapy: COVID-19-induced
insulin resistance, COVID-19-induced pancre-
atic damage, and glucocorticoid-induced
hyperglycemia. However, Choi et al. [29]
reported that there was even a high risk of
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developing DM in COVID-19 patients who were
not treated with glucocorticoids, suggesting
that this mechanism may act as an add-on sys-
tem in the pathogenesis of new-onset DM but
cannot necessarily induce DM by itself in
patients with SARS-CoV-2 infection. On the
other hand, it should not be forgotten that
glucocorticoid therapy is used in moderate to
severe COVID-19 cases, which presents a higher
risk for new-onset DM [28, 29]. These results
make the glucocorticoid therapy issue a multi-
valent factor in new-onset DM in patients
diagnosed with COVID-19, highlighting the
need for a more comprehensive DM diagnosis
in individuals treated with glucocorticoids dur-
ing SARS-CoV-2 infection. Although the preva-
lence of hyperglycemia is high, there are no
precise guidelines for managing hyperglycemia
in COVID-19 patients treated with dexametha-
sone. However, management should include
intravenous insulin infusion for patients
admitted to the intensive care unit or basal-
bolus insulin therapy for patients who are not
critically ill [43]. Although some non-insulin
agents have been studied, they are still not
recommended among inpatient-treated indi-
viduals during the acute phase of COVID-19
[42]. Dapagliflozin in Respiratory Failure in
Patients With COVID-19 (DARE-19) was a ran-
domized controlled trial studying dapagliflozin
in terms of organ damage or death prevention
and recovery by day 30. This trial did not
demonstrate that dapagliflozin reduces the risk
for organ failure or death or improves recovery,
although therapy with dapagliflozin was well
tolerated [43].

COVID-19 Vaccination and DM

The early development of DM symptoms and
exhaustion of insulin secretion characterize
some cases of new-onset T1DM after COVID-19
vaccination [44]. Sasaki et al. reported high
titers of anti-GAD6S and insulin autoantibody
(>2000U/ml and 581 NU/ml, respectively)
after the second dose of Moderna COVID-19
vaccination in one patient previously diagnosed
with DM but not tested for autoimmunity
before vaccination [45]. Autoantibody presence

in patients with disease-susceptible haplotypes
is another possible presentation, so further fol-
low-up to establish the underlying mechanisms
and careful glycemic screening are necessary in
such cases [44, 45].

A study conducted in Kuwait found that
patients with T2DM had lower titers of SARS-
CoV-2 IgG antibodies (138 £+ 59.4 BAU/ml) and
neutralizing antibodies (79.7 £ 19.5%) when
compared with individuals without DM
(154 £ 49.1 BAU/ml for IgG antibodies,
87.1 £ 11.6% for neutralizing antibodies) after
two doses of BNT162b2 (Pfizer-BioNTech,
Mainz, Germany) COVID-19 mRNA vaccine.
These data revealed a less profound immune
response following immunization among
T2DM patients [46]. In contrast, the Immune
response to COVID-19 vaccination in people
with Diabetes Mellitus (COVAC-DM) study
reported no difference in anti-SARS-CoV-2
antibodies between patients with TI1DM,
patients with T2DM, and patients without dia-
betes after vaccination [47]. On the other hand,
age (r= — 0.45,p <0.001) and glomerular
filtration rate (r = 0.28, p = 0.001) were found to
be significantly negatively associated with
antibody response [47].

A scoping review including 11 studies
reported consistent data with previous studies,
supporting the idea that COVID-19 increased
the risk for new-onset DM. Chourasia et al.
suggest that the severity of SARS-CoV-2 infec-
tion may determine the risk of new-onset DM,
so patients who have been vaccinated against
COVID-19 can develop a milder disease form;
consequently, they have a lower risk of pro-
gressing to DM [48]. Furthermore, Kwan et al.
noted that even though diabetes risk was higher
among unvaccinated (OR 1.78; 95% CI
1.35-2.37; P < 0.001) than vaccinated (OR 1.07;
95% CI1 0.64-1.77; P = 0.80) COVID-19 patients,
the interaction term between SARS-CoV-2 vac-
cination status and newly diagnosed DM was
not statistically significant (OR 0.59; 95% CI
0.34-1.06; P = 0.08) [49]. These wvarious data
support the importance of COVID-19 vaccina-
tion in DM prevention while at the same time
emphasizing the need for future investigation
of the influence of SARS-CoV-2 vaccines on DM
incidence.
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A systematic review and meta-analysis which
included over 47 million patients and eight
cohort studies reported a 66% higher risk of DM
in COVID-19 patients compared with the con-
trol group (without COVID-19) [50]. Despite the
fact that this meta-analysis included heteroge-
neous studies and did not classify the type of
DM (type 1 or type 2 DM) in patients with
COVID-19, this study triggered a wake-up call
regarding COVID-19 as a risk factor for new-
onset DM [50].

COVID-19 and DM: Inflammatory Aspects

Rizvi et al. described the link between post-
COVID-19 syndrome, inflammation, and DM.
The authors emphasized the bidirectional rela-
tionship between COVID-19 and DM, with
greater inflammation and a worse prognosis for
COVID-19 observed in DM patients and poor
metabolic control observed in patients with DM
diagnosed with SARS-CoV-2 infection [51].

COVID-19 and Obesity: A Comprehensive
Approach

In addition, a team of international experts [7]
made an important statement related to the
bidirectional relationship between obesity and
COVID-19. The COVID-19 pandemic played a
considerable role in the obesity pandemic from
different points of view: it increased the inci-
dence of psychosocial stressors and stress-re-
lated eating disorders, patients with chronic
diseases had difficulties accessing healthcare
services throughout the COVID-19 pandemic,
restrictions made it challenging to carry out
outdoor physical activity, and people had poor
dietary habits while working from home [7].
COVID-19 has also been studied from the
perspective of cardiometabolic health. A team
of international experts and The Car-
diometabolic Panel of International Experts on
Syndemic COVID-19 (CAPISCO) published an
extensive study on immune dysregulation in
obesity and CVD, which takes place in SARS-
CoV-2 infection. This paper brought to light
underlying mechanisms that explain the clini-
cal presentation of patients with COVID-19:

inflammatory status, thrombosis, and adipo-
kine dysregulation (leptin vs adiponectin) [52].
Moreover, there are data regarding vascular
dysfunction that seems to be simultaneous to
the acute phase of COVID-19 infection but
seems to increase the global cardiovascular risk
reflected by premature aging of the vasculature
[53].

A team of researchers from South and East
Europe, the Middle East, and Africa analyzed
the management of DM and obesity during the
COVID-19 pandemic. Raz et al. recommend
that insulin therapy should be initiated early,
especially in the acute inflammatory phase,
while sodium glucose loop transporter 2 inhi-
bitors or glucagon-like peptide 1 receptor ago-
nists should be initiated in patients who would
benefit from cardiovascular risk reduction and
obesity amelioration [54]. This approach high-
lights the importance of a more intensive ther-
apeutic toolbox for clinicians to properly attain
disease control.

Because patients with CVD are more prone
to COVID-19 infection and have a worse prog-
nosis, lipid-lowering therapy and renin-an-
giotensin-aldosterone system inhibitors are
important to take into consideration. Katsiki
et al. emphasize that statins, by reducing serum
cholesterol levels, might significantly suppress
COVID-19 infection. In addition, because sta-
tins are known to stabilize atherosclerotic pla-
que, early initiation of statin therapy may
prevent a virus-induced acute coronary syn-
drome [55]. A study conducted on 324 cardiac
surgery patients demonstrated that early post-
operative statin was associated with a lower
incidence of acute kidney injury (AKI) (OR 0.32;
95% CI 0.14-0.72, p = 0.006) [56]. A combina-
tion of statins/angiotensin receptor blockers
may prevent endothelial dysfunction by influ-
encing the host response to infection, not the
virus [55]. Considering the associated HTN,
dyslipidemia, and obesity in patients with
newly diagnosed DM during COVID-19 pan-
demic, it is beneficial to treat these cardiovas-
cular risk factors with appropriate therapy, such
as statins, angiotensin receptor blockers (ARB),
or angiotensin-converting enzyme (ACE)
inhibitors.
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A mini-review evaluated the therapeutic
effects of heparin and tissue-type plasminogen
activator on thrombosis and hemostasis in
COVID-19 patients. Mazilu et al. supported the
importance of anticoagulation and fibrinolysis
in patients with SARS-CoV-2 infection. This
therapeutic approach would minimize the risk
of acute respiratory distress syndrome and/or
the necessity for ventilator support in patients
admitted to intensive care units. There is still a
need for a better understanding of the potential
side effects of the co-administration of novel
(nebulized heparin and N-acetylcysteine) and
classic (molnupiravir, remdesivir) antiviral
treatments for SARS-CoV-2 infection [57].

COVID-19 and DM: Future Perpectives

There is interest in a more careful understand-
ing of new-onset diabetes after COVID-19
(NODAC), classified in addition to T1IDM and
T2DM, in order to search the pathophysiology,
natural history, and optimal management of
this condition in future studies [58].

One of the studied elements of SARS-CoV-2
infection in patients with T2DM is the angio-
tensin-converting enzyme 2 (ACE2) receptor
[59], which binds to the spike protein of SARS-
CoV-2 and is abundant in the pancreas [60]. The
CAPISCO Expert Panel pointed to the latest data
on the beneficial effects of SGLT-2i and GLP-1
RA in decreasing mortality in patients with
T2DM and COVID-19 [61]. Researchers descri-
bed some mechanisms (reducing lung inflam-
mation, decreasing cytokine production,
reducing endothelial inflammation) by which
antidiabetic therapies such as metformin or
GLP-1 RA can represent protective treatment
choices in patients with COVID-19 and T2DM
[62, 63].

Studies included in this review addressed
different confounding factors such as age
[25, 27, 28], sex [25, 27, 28], comorbidities such
as HTN [27], and other factors that can influ-
ence the relationship between new-onset DM
and COVID-19, such as glucocorticoid therapy
[29, 30, 32] or the COVID-19 severity [28-30].

Limitations of our study include the hetero-
geneity of the included studies, in terms of the

study duration, the outcome measure, and the
underlying pathophysiological mechanisms
studied. Also, some studies classified DM and
COVID-19 diseases based on ICD-10 codes,
which can be inaccurate in some cases.

Our study highlighted the high interest in
this hot topic which is the link between COVID-
19 and new-onset DM, along with the hetero-
geneity of research in this area. Future investi-
gation should clarify the long-term effects of
SARS-CoV-2 infection on metabolic control and
how the epidemiology of DM would be affected.
Therefore, we consider it of vital importance to
establish a better knowledge of how SARS-CoV-
2 may determine new-onset DM, keeping in
mind the health and socio-economic burdens
both diseases represent. This new COVID-19
pandemic has brought into view how vulnera-
ble we are in the face of the unknown, but, at
the same time, it has allowed us to expand our
knowledge.

It remains to be established if SARS-CoV-2
infection is a trigger for DM development or if
patients with hyperglycemia during SARS-CoV-
2 infection were just undiagnosed cases of DM
before the pandemic. For patients who survived
SARS-CoV-2 infection, the management of DM
may be more accessible outside of the critical
situation of a pandemic with appropriate ther-
apeutic tools and without the activation of the
inflammatory cascade and the use of glucocor-
ticoid therapy, which maintains hyperglycemia.

CONCLUSIONS

There is still much that we need to understand
regarding how SARS-CoV-2 infection influences
glucose metabolism. Furthermore, COVID-19
and DM share a bidirectional relationship,
worsening each other’s progression.

Based on actual data, patients with SARS-
CoV-2 infection and hyperglycemia should be
monitored closely, considering that this cate-
gory of patients is at high risk for death and
long-term complications from infection.

The latest research demonstrated a higher
incidence of DM after the COVID-19 pandemic,
with more acute presentations, such as DKA. In
addition, patients with new-onset DM present a
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greater hospitalization duration, including ICU
admission.

These latest data support the advice that
active monitoring in terms of glucose metabo-
lism should be performed in patients who have
survived SARS-CoV-2 infection.

The available data from the start of SARS-
CoV-2 pandemic demonstrate that COVID-19
and DM share pathophysiologic elements, such
as ACE2 receptors. Also, the chronic inflamma-
tion status present in DM may be an essential
pillar of the SARS-CoV-2 inflammatory cascade,
supporting the idea of a bidirectional patho-
physiologic relationship between these two
conditions.

Finally, COVID-19 has a role in the devel-
opment of DM complications [61, 64]. First,
COVID-19 can lead to acute complications like
DKA in new-onset or known T1DM or even a
hyperosmolar hyperglycemic state in known
T2DM because of the hyperglycemic status and
lack of access to the healthcare system during a
critical situation. Secondly, the pandemic may
aggravate the development of chronic compli-
cations of DM, taking into consideration the
less frequent visits to attending physicians, the
sedentary lifestyle, anxiety, and eating disorders
associated with the COVID-19 pandemic. This is
why we believe that a syndemic multi-disci-
plinary approach must be put in place [61] in
order to reduce the burden of post-COVID
syndrome and related complications, particu-
larly for patients with chronic diseases such as
diabetes.
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