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Abstract

Context: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection normally damages the respiratory system but
might likewise impair endocrine organs’ function. Thyroid dysfunction and hyperglycemia are common endocrine complications
of SARS-CoV-2 infection. The onset of type 1 diabetes (T1D) and associated complications, including diabetic ketoacidosis (DKA),
hospitalization, and death, are thought to have increased during the coronavirus disease 2019 (COVID-19) pandemic. The aim of
this studywas to review the available data about the incidence rate of T1D and accompanying complications since the beginning of
the COVID-19 pandemic.
EvidenceAcquisition: A literature reviewwas conductedusing the electronicdatabases PubMedandGoogle Scholar. Thekeywords
“T1D, T1DM, Type 1 DM or Type 1 Diabetes”, “Coronavirus, SARS-CoV-2 or COVID-19” were used to search these databases. Titles and
abstracts were screened for selection, and then relevant studies were reviewed in full text.
Results: A total of 25manuscripts outof 304 identified studieswere selected. Therewere 15 (60%)multicenterornationwide studies.
Thedata about the incidence rate of T1D, hospitalization, anddeath arenot consistent across countries; however, DKA incidence and
severity seem to behigher during the COVID-19 pandemic. The present study’s data collection demonstrated that COVID-19might or
might not increase the incidence of T1D. Nevertheless, it is associatedwith the higher incidence and severity of DKA in T1D patients.
This finding might indicate that antivirals are not fully protective against the endocrine complications of SARS-CoV-2 infection,
which promotes the application of an alternative approach.
Conclusions: Combiningmedications that reduce SARS-CoV-2 entry into the cells andmodulate the immune response to infection
is an alternative practical approach to treating COVID-19.
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1. Context

The coronavirus disease 2019 (COVID-19) pandemic,
causedbysevereacute respiratory syndromecoronavirus2
(SARS-CoV-2), remains a prominent global health concern.
Severe acute respiratory syndrome coronavirus 2 is a
ribonucleic acid (RNA) virus belonging to the family
Coronaviridae. There are different variants with unique
mutations, which mainly affect the respiratory system
but can also damage the nervous system and endocrine
organs. The clinical manifestations of COVID-19 vary
from asymptomatic or mild disease to acute respiratory
distress syndrome (ARDS), hospitalization, and death

(1). The commonly reported endocrine complications
are thyroid dysfunction and hyperglycemia (2). The
connection between COVID-19 and endocrine disorders,
such as diabetes mellitus (DM), is a nuanced area of
research.

Diabetesmellitus is ametabolicdisordercharacterized
by a defect in insulin secretion, insulin function, or
both, causing hyperglycemia and other debilitating
complications, including micro- and macro-vascular
complications. The two main classifications of DM,
namely type 1 diabetes (T1D) and type 2 diabetes (T2D),
differ in that T1D consists of reduced insulin production;
nevertheless, T2D consists of inadequate cellular response
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to insulin signaling (3). Coronavirus disease 2019 can
potentially increase the incidence rate of T1D and T2D.
Type 1 diabetes typically begins with immune-mediated
damage to pancreatic cells, which is triggered by genetic
or environmental factors. Viral infections, such as
enteroviruses and respiratory viruses, are probably
responsible for autoimmunity against β-cells (4, 5).
Generally, COVID-19 and T2D appear to have a bidirectional
relationship; however, the relationship between COVID-19
and T1D remains controversial andmulti-faceted (6).

Diabetic ketoacidosis (DKA) is a life-threatening
complication that usually occurs in patients with T1D. In
T1D, the absence of insulin promotes an excess breakdown
of fats as an alternative source of energy, resulting in the
buildup of acidic ketones and disrupting organ functions.
During the COVID-19 pandemic, there was a notable
increase in the incidence and severity of DKA in patients
with T1D, suggesting a possibility that COVID-19 and DKA
are causally connected (7-9). However, other studies found
no evidence of a physiological association between DKA
and SARS-CoV-2, implying that the surge in the incidence
and severity of DKA during COVID-19 is best attributed
to a diminished quality of care for diabetic patients due
to an overburdened healthcare system (10-12). Moreover,
although the severity of symptomsof T1Dmight have been
exacerbated during the pandemic (once again, arguably
due to strains on the healthcare system), the overall
incidence rate of T1D might not have necessarily been
impacted (13). Therefore, the interplay between COVID-19
and T1D is rather complex.

Although several systematic reviews have reported
that SARS-CoV-2 infection can increase the risk of
new-onset type 1 diabetes (NT1D) (14-17), no alternative
approach was proposed to reduce the endocrine
complications of COVID-19. This review aims to elucidate
the intricate relationship between COVID-19 and T1D,
emphasizing the different aspects of epidemiology,
complications, and possible therapeutic strategies to
improve their outcomes and mitigate mortality and
morbidity associated with both diseases.

2. Evidence Acquisition

2.1. Data Sources and Searches

According to PRISMA guidelines (18), a systematic
search was conducted in PubMed and Google Scholar for
relevant studies. Search dates were within January 2020
and May 2023. The following keywords were applied
for search: “T1D, T1DM, Type 1 DM or Type 1 Diabetes,
Coronavirus, SARS-CoV-2 or COVID-19”.

2.2. Study Selection

Two authors (KK and NA) reviewed abstracts, and a
third author (KA) made a cross-check. The references
of relevant reviews were reviewed to include further
potentially relevant articles. Two authors contributed
independently to the selection process, data extraction,
and data collection. The participants, study type,
outcomes, and interventions were used to select the
relevant studies. The selected studies were discussed to
resolve disagreements, and a third author participated if
needed. This study reviewed (1) clinical research articles,
such as cohorts, cross-sectional studies, case-control
studies, and case series; (2) review articles, including
mini-reviews, systematic reviews, and meta-analyses; and
(3) opinion and commentary articles, such as editorials,
commentaries, perspectives, and letter to editors, that
discuss the incidence, clinical characteristics, outcomes,
complications,morbidity, andmortality of T1D inCOVID-19
patients or vice versa. This study included multicenter,
nationwide, or observational original studies that were
cohort, cross-sectional, or case-control and reported the
complications or incidence of NT1D during the COVID-19
pandemic. This study also reviewed the data from two
systematic reviews by Nassar et al. (14) and D’Souza et
al. (17). Three reviewers (KK, NA, and KA) evaluated the
risk of bias in the selected studies to make sure cohort,
cross-sectional, or case-control studies were included.
Figure 1 shows the flowchart for the systematic review.

Duplicates were eliminated after a review of all
recognized articles from the initial searches. The
remaining papers were read in full. The publications
were summarized in terms of the author, journal, year of
publication, country of origin, study design, number of
participants, type of intervention, age, gender, outcomes
(e.g., death, DKA, or other complications), new-onset
diabetes or worsening of pre-existing diabetes, and other
results in general. Most studies were observational or
nonrandomized studies. This study assessed the risk of
bias and quality by producing review-specific questions
and guidance, constructing a flow diagram for the study,
and judging bias and applicability. A formal narrative
data synthesis was performed to investigate the effects of
COVID-19 infection on the incidence of T1D and associated
complications (e.g., DKA and death). The consistencies or
discrepancies among the studies were discussed.

3. Results

A total of 304 studies were found during the initial
database searches. The exclusion process resulted in
25 eligible manuscripts for further investigation (7-13,
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Figure 1. Flow diagram of the screening process of literature review (PRISMA flow diagram)

19-36). Tables 1 and 2 show summaries of the baseline
characteristics of the included studies.

Study Characteristics. Among the 25 eligible studies,
there were 15 (60%) multicenter or nationwide studies (7,
10, 11, 13, 19, 20, 24, 26, 28, 30, 31, 33-36). New-onset type
1 diabetes incidence was reported in 13 manuscripts (52%)
(8, 10, 13, 20, 21, 23-27, 32, 35, 36) from countries other
than Hungary (37) and Turkey (38), which are not included
in Table 1. Eighteen studies reported DKA incidence or
severity (7-13, 21-27, 29, 30, 32, 35).

COVID-19 and T1D Incidence. The incidence of NT1D
in children was increased in England (35), Germany
(20), Hungary (37), Romania (25), Turkey (27), and
USA (32, 36) but not in Australia (8), Israel (21), Poland
(13, 23, 24), Saudi Arabia (26), and Turkey (38) during
the COVID-19 pandemic. Furthermore, there was no
significant increase in new-onset autoantibody-negative
T1D in children, adolescents, and young adults in Germany
(10); nevertheless, NT1D and autoantibody positivity were
higher in Turkey (27) during the pandemic.

Clinical Outcomes and Complications of T1D Patients

During COVID-19. Diabetic ketoacidosis, hospitalization
rate, and death were studied in the selected studies.
Diabetic ketoacidosis incidence, prevalence, or severity
were increased in most studies (7-9, 11-13, 21-27, 30, 32)
during the COVID-19 pandemic. However, there was no
increase in DKA incidence in autoantibody-negative T1D in
Germany (10) or in NT1D in Israel (21). There was also no
increase in severe DKA in Israel (21) and no increase in DKA
or severity in the USA (29).

The hospitalization rate of NT1D during the pandemic
appeared to be stable in France (31). However, the data
regarding the death rate is inconsistent, as increases in
death were reported in China (9), England (33, 34), and the
USA (28, 30); however, no increase in deathwas observed in
France (19).

4. Discussion

In this narrative review, most studies reported
an increase in DKA incidence and severity during the
COVID-19 pandemic. Diabetic ketoacidosis is a serious
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Table 2. Summary of Studies’ Outcomes for New-Onset Type 1 Diabetes (NT1D) and Complications During the Coronavirus Disease 2019 (COVID-19) Pandemic, Listing the
Countries in Alphabetical Order

Country NT1D Complications (e.g., Death andDKA)

Internationalmulticenter study (7) Increased DKA prevalence

Australia (8) No increase in NT1D Increase in severe DKA

China (9) Increased DKA and severity

England (33-35) Increased NT1D Increased DKA and severity; Increase in death in T1D

French (19, 31) No increased death in T1D; No significant increased
hospitalizations; No increased severity of T1D at diagnosis

Germany (10, 11, 20) Increased NT1D No significant increase in NT1D
autoantibody-negative

Increased DKA and severity; No increased DKA in
autoantibody-negative T1D

Hungary (37) Increased NT1D

Israel (21) No significant increase in NT1D Increased DKA significantly but not severe DKA; Increased
DKA in NT1D but not significant

Italy (12) Increased DKA and severity

Poland (13, 22-24) No significant increase in NT1D Increased DKA and severity

Romania (25) Increased NT1D Increased DKA

Saudi Arabia (26) No increase in NT1D Increased DKA

Turkey (27, 38) Increased NT1D and autoantibody positivity No clear
association between SARS-CoV-2 infection and NT1D

Increased DKA and severity

USA (28-30, 32, 36) Increased NT1D Increased or similar DKA; Increasedmortality andmorbidity

Abbreviations: NT1D, new-onset type 1 diabetes; DKA, diabetic ketoacidosis; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; T1D, type 1 diabetes.

complication of diabetes, which is associated with
more severe pancreatic β-cell destruction and increased
morbidity and mortality (39). There is generally a slight
increase in the prevalence of DKA at the onset of T1D,
which is estimated to be around 29.9%. However, the
prevalence of DKA varies across the countries with the
lowest prevalence, namely Sweden (19.5%) and Denmark
(20.7%), and the highest prevalence, namely Luxembourg
(43.8%) and Italy (41.2%) (40). Furthermore, the overall
incidence of DKA is declining in Denmark (41) but
increases through adolescence in England and Wales
(42). Therefore, the incidence and severity of DKA could
be additionally affected by COVID-19, which resulted in
a relatively consistent increase in DKA incidence and
severity across countries (Table 2) during the COVID-19
pandemic. This potentially underscores the underlying
COVID-19-related mechanisms, including multisystem
inflammatory response (43) and the exacerbation of
insulin resistance (44). Additionally, the delayed diagnosis
and heterogeneous presentation of NT1D during the
COVID-19 pandemic could be further contributing factors
(45).

Severe acute respiratory syndrome coronavirus
2 enters human cells mainly through the
angiotensin-converting enzyme 2 (ACE2) receptor. There
are other receptors that might mediate SARS-CoV-2 entry

into human cells, including dipeptidyl peptidase 4
(DPP-4 or CD26), CD147, neuropilin-1, lectins, CD209L,
and tyrosine-protein kinase receptor UFO (AXL). The host
proteases, such as transmembrane protease serine 2
(TMPRSS2), furin, trypsin, elastase, and cathepsin L, are
also involved in the process of SARS-CoV-2 entry into cells.
Angiotensin-converting enzyme 2 on cell membrane has
other responsibilities against inflammation, proliferation,
and fibrosis.

The disintegrin and metalloproteinase
domain-containing protein 17 (ADAM17) are indirectly
involved in the process of SARS-CoV-2 entrance and tissue
damage by shedding ACE2 from the cell membrane
(46-48). Angiotensin-converting enzyme 2 expression
in the gastrointestinal (GI) tract and pancreas is
relatively remarkable. It is also expressed in essential
metabolic tissues, such as the liver, kidney, adipocytes,
and vasculature (49). Coronavirus can potentially target
the metabolic tissues, especially the pancreas, which
leads to islet cell damage (50), insulin resistance (51), and
hyperglycemia (Figure 2).

Severe acute respiratory syndrome coronavirus
2 can directly infect beta-cells and reduce beta-cell
function. It can also lead to beta-cell damage by infecting
the surrounding cells, inducing inflammation, and
compromising pancreatic blood vessels. In addition,
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Figure 2. Illustrating the cascade of events triggered by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection, which results in reduced insulin production,
increased insulin resistance, and hyperglycemia. Created with BioRender.com.

SARS-CoV-2 can trigger autoimmunity that leads to
autoimmune pancreatitis and impairment of beta-cell
function. Moreover, SARS-CoV-2 infects and replicates in
other tissues, such as the kidney, adipose tissue, liver,
muscle, bone, and vessels, which causes inflammatory
responses, cytokine storms, and multiorgan dysfunction.
This, in turn, is associated with insulin resistance,
dysglycemia, and even stress hyperglycemia with severe
illness. The consequences of these events will increase
SARS-CoV-2 infectivity and the risk of further organ
damage.

The current information regarding the incidence of
NT1D in children during the pandemic is not consistent
across countries. This could be due to differences in
the outcomes of treatment modalities, accessibility to
effective treatment, and speed of conducting a successful
approach. However, COVID-19 was associated with the
increased incidence and severity of DKA in different
countries. Furthermore, there are few case reports or
case series, including euglycemic DKA (52), known T1D
and DKA (53), or NT1D with or without DKA (43, 54-61)

followingCOVID-19 infection or vaccination (62, 63), which
raises concern over not only a possible causal relationship
between COVID-19 and T1D but also the beneficial roles of
early and practical treatment. In addition, it should be
emphasized that the occurrence of new SARS-CoV-2 strains
with unique mutations can potentially render resistance
to the current antivirals that are routinely used, such as
nirmatrelvir/ritonavir, remdesivir, and molnupiravir (64,
65).

Therefore, considering other medications with
the capability of targeting the SARS-CoV-2 receptor,
reducing virus entry into the cells, and alleviating
inflammation might improve clinical outcomes better
than antivirals. They might also assist in reducing
the risk of hyperglycemia and new-onset diabetes.
Ursodeoxycholic acid (UDCA) reduces Farnesoid X
receptor (FXR) signaling, downregulates ACE2 expression
in the respiratory tract, and diminishes susceptibility
to SARS-CoV-2 infection. It was associated with reduced
hospitalization, intensive care unit (ICU) admission, and
death of COVID-19 patients (66). Ursodeoxycholic acid was
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also shown to reduce COVID-19 infectivity and severity in
cirrhotic patients (67).

Antiandrogens downregulate TMPRSS2 and ACE2,
which reduce SARS-CoV-2 entry into the cells (68).
They lower the mortality, hospitalization rate, and
duration of SARS-CoV-2 infection (69). Spironolactone,
an aldosterone receptor antagonist with anti-androgenic
effects, antagonizes TMPRSS2 and ADAM17, reduces virus
entry into the cells, and diminishes SARS-CoV-2-mediated
endothelial damage (70, 71). It has been reported that
spironolactone improves clinical scores and reduces
mortality, ICU admission, intubation, and end-organ
damage in hospitalized COVID-19 patients (71).

Metformin activates AMP-activated protein kinase
(AMPK), which leads to the phosphorylation of ACE2.
Angiotensin-converting enzyme 2 phosphorylation
enhances ACE2 stability on the cell membrane, increases
Ang (angiotensin) 1-7 and endothelial nitric oxide synthase
bioavailability, and thereby provides lung protection
by preserving endothelial function. Additionally, the
phosphorylation of ACE2 might affect virus entry into
the cells. Metformin also inhibits the mammalian
target of the rapamycin (mTOR) pathway and modulates
the immune response against the infection (72-74).
Generally, metformin seems to be helpful in reducing
SARS-CoV-2-related tissue injury. Metformin could not
improve the clinical outcomes of COVID-19 patients
impressively (75); however, it could reduce the incidence
of long COVID (76). Dipeptidyl peptidase 4 inhibitors
have immunomodulatory roles and possibly blunt the
alternative route of virus entry through DPP-4 receptors
(47). They can alleviate SARS-CoV-2 cytokine storm and
injury to the organs. The use of DPP-4 inhibitors in
patients with SARS-CoV-2 infection was associated with
the improvement of glucose levels in diabetic patients
and clinical improvement and reduction of inflammatory
markers in diabetic and non-diabetic patients (71, 77, 78).

There are some limitations in the current systematic
review. This study did not review all resources and did
not have information from all areas of the world, which
technically limits the applicability of the results for the
missing regions of the world. In addition, the time of data
collectionduring thepandemic isnot similar inall studies,
and it is possible that the incidence of T1D was transiently
affected during the pandemic. However, in ameta-analysis
by D’Souza et al. (17), there was a higher incidence rate of
T1D during the first year (incidence rate ratio [IRR] = 1.14;
95% CI: 1.08 - 1.21) and second year (IRR = 1.27; 95% CI: 1.18 -
1.37) of thepandemic than theperiodbefore thepandemic.

4.1. Conclusions

Based on the collected evidence, the effect of
SARS-CoV-2 infection on the incidence of NT1D is
controversial. However, COVID-19 increases the incidence
and severity of DKA in T1D patients. Antivirals seem
to be helpful but not completely protective against
SARS-CoV-2-induced tissue injuries. An alternative
therapeutic approach includes targeting the SARS-CoV-2
receptor, blocking virus entry, and alleviating
inflammation, especially by combining medications with
different beneficial characteristics, to tackle SARS-CoV-2
infection and associated complications. Flooring the
path for future clinical trials to investigate the protective
role of this alternative approach would be reasonable,
as it is shown that the combination of spironolactone
and sitagliptin could reduce the hospitalization rate and
duration of the disease (79).
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