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Since December 2019, the world has been battling a pandemic caused
by a novel coronavirus species, the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), responsible for the coronavirus disease
2019 or COVID-19 as defined by the World Health Organization in
February 2020. This outbreak was first reported in Wuhan, China, and
since then it has spread across the globe. As of 12 May 2020 more
than 4.2 million confirmed cases worldwide with greater than
291 000 fatalities have been reported.! Importantly, the total number
of individuals who tested positive is most likely an underestimate of
the gravity and infectivity of the disease.

Patients with COVID-19 and concomitant type 2 diabetes
mellitus (T2DM) present a less favourable prognosis compared to
those without T2DM, although their risk of initial infection may not
be necessarily increased.>® Such association does not come to sur-
prise considering the fact that T2DM is also associated with worse
prognosis in other viral infections.® In a multicenter cohort of >7300
patients diagnosed with COVID-19 in China, the presence of T2DM
was associated with 49% relative risk increase (RRI) for 28-day
inhospital mortality, even after adjustment for the severity of COVID-
19 (Figure 1A).* T2DM was also associated with a 44%, 200% and
95% RRI for acute respiratory distress syndrome (ARDS), acute kidney

injury and septic shock, respectively.

1 | PATHOPHYSIOLOGY DRIVING T2DM
TO WORSE PROGNOSIS IN COVID-19

The mechanisms explaining the detrimental effects of T2DM on
COVID-19-related survival remain to be elucidated. Evidence of
increased systemic inflammation [ie, interleukin (IL)-6, C-reactive pro-
tein (CRP)] has been associated with worse outcomes in COVID-19

patients.?®

Similarly, patients with T2DM, especially in the setting of uncon-
trolled hyperglycemia, also present with a systemic chronic inflamma-
tory state. This state may be attributed to a chronic activation of the
macromolecular complex NLRP3 inflammasome. The latter is respon-
sible for the production of the proinflammatory cytokines IL-1 and IL-
18 which can, in turn, induce the expression of IL-6 and ultimately of
CRP. Hence, it is plausible to speculate that the increased systemic
inflammation in COVID-19 may also be mediated by increased NLRP3
inflammasome-related products.® This is highlighted by the current
multiple therapeutic attempts to block cytokines resulting from the
NLRP3 inflammasome,”> and considering the exaggerated inflamma-
tory response in patients with T2DM, such patients might present
even greater benefits from those therapies.

A recent report of a series of COVID-19 cases found an endothe-
lial cell involvement by the virus within the vascular beds of different
organs, suggesting a direct viral infection of the endothelial cells asso-
ciated with endothelial inflammation.® Patients with T2DM are char-
acterized by endothelial dysfunction and vascular inflammation, which
are major cardiovascular risk factors, even in absence of COVID-19.7
It is plausible to hypothesize that underlying endothelia dysfunction
and inflammation in T2DM might augment the detrimental effects of
COVID-19 on the endothelium and the overall cardiovascular system.

The SARS-CoV2 virus cell entry is mediated through the binding
of the viral surface spike protein to the human angiotensin-converting
enzyme 2 (ACE2) receptor after the spike protein is activated by the
transmembrane protease serine 2. The ACE2 protein is ubiquitously
expressed, it is found in the lung, heart, intestinal epithelium and the
pancreatic p-cells. In chronic hyperglycemia, expression of ACE2 is
further increased, possibly facilitating the virus to bind to it, ultimately
resulting in a direct multi-organ (including the p-cells) toxic effect
mediated by SARS-CoV2. This would suggest that not only can T2DM
worsen COVID-19, but also the latter can cause a direct injury to the
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FIGURE 1 The effects of T2DM and glycemic control on survival in patients with COVID-19 and admitted to the hospital. A, Kaplan-Meier
curves in figure shows that patients with T2DM have a significantly worse 28-day survival probability compared to those without T2DM at time
of admission. B, Among patients with T2DM, those with worse glycemic variability (ie, ‘poorly controlled’) (fasting glycemia >70 mg/dL and
highest 2-hour post-prandial glycemia >180 mg/dL) presented a worse survival compared to those with greater glycemic control (ie, ‘well-
controlled’) (fasting glycemia >70 mg/dL and highest 2-hour post-prandial glycemia <180 mg/dL). COVID-19, coronavirus disease 2019; HR,
hazard ratio; T2D, type 2 diabetes; T2DM, type 2 diabetes mellitus. Source: Modified with permission from Zhu et al*

B-cells. To support this theory, increased incidence of severe diabetic
ketoacidosis (DKA) during hospital admission for COVID-19 as well as
the dramatic increase in insulin requirements in those with established
disease have been noted.? Such effects could be caused by the direct
toxic effects of the virus resulting from the increased availability of
ACE2 due to chronic hyperglycemia. Clinicians should as well monitor
for the new onset of diabetes in patients infected with SARS-CoV2.8

2 | GLUCOSE-LOWERING THERAPIES AND
GLYCEMIC TARGETS: OUTPATIENT SETTING

There is currently very little guidance regarding the treatment of T2DM
during COVID-19. A recent document by Bornstein et al suggested that
in the outpatient setting, the major goal of treatment of T2DM should
be to minimize the risk of infections that might lead to hospitalizations.
This can be achieved through an optimal glycemic control with a
targeted HbAlc <7% and plasma glucose concentrations between 72
and 144 mg/dL® Of note, whether glycemic control can prevent
COVID-19, to date, remains unknown. It is crucial to prevent hypogly-
cemia in patients with diabetes in general, but specifically in older
patients and in those prone to hypoglycemia. Hypoglycemia would
increase the risk for hospitalization during a pandemic with limited avail-
able hospital resources, and exposing patients to a higher risk for infec-
tion by SARS-CoV2. Sulfonylureas and insulin are commonly prescribed
agents; however, they are associated with an increased risk for hypogly-
cemia, thus frequent blood glucose monitoring is recommended. Of
note, among basal insulin therapies, degludec and glargine U300 have
been associated with a lower risk for severe hypoglycemia, including
nocturnal hypoglycemia, compared to glargine U100.° Also considering
switching to other glucose-lowering agents, such as sodium-glucose
cotransporter (SGLT)2 inhibitors, glucagon-like peptide 1 receptor ago-
nists (GLP1RA) or dipeptidyl peptidase (DPP)4 inhibitors, which are

associated with extremely low risk for hypoglycemia, especially when
used in monotherapy, seems reasonable.’”

On the other hand, in patients of T2DM and COVID-19 the use of
SGLT2 inhibitors and GLP1RA can be continued, yet with caution. These
drugs have known cardiorenal protective properties that can be benefi-
cial knowing COVID-19-associated risk for cardiac and renal damage *°

Among SGLT2 inhibitors, canagliflozin, dapagliflozin and empagliflozin
have shown cardio renal protective effects and should be the preferred
choice in patients with heart failure considering the clear benefits of
these agents in this population.” SGLT2 inhibitors, however, have been
associated with increased risk of DKA,’ therefore patients receiving
such treatments should be well instructed on recognizing early signs and
symptoms of DKA. For GLP1RA, liraglutide, semaglutide, dulaglutide
and albiglutide should be the preferred agents due to their greater car-
dio renal benefits reported in cardiovascular outcomes trials.”

Furthermore, SGLT2 inhibitors increase free fatty acids leading to
increased production of ketone bodies.!* The latter have profound
anti-inflammatory properties, and recently proven to inhibit the
NLRP3 inflammasome,** whose products are dramatically increased in
the setting of COVID-19.” Similar to SGLT2 inhibitors, GLP1RA also
exert anti-inflammatory effects, which have been partially attributed
to a reduction of the expression of the NLRP3 inflammasome.
Maintaining adequate hydration and frequent blood glucose monitor-

ing are crucial to ensure safety of these agents.

3 | GLUCOSE-LOWERING THERAPIES AND
GLYCEMIC TARGETS: INPATIENT SETTING

In hospitalized patients with COVID-19, patients with T2DM require
more intensive treatments compared to those without T2DM, includ-
ing a greater need for antibiotic, systemic corticosteroids, increased
oxygen requirement and ventilator support* Among those with
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T2DM, however, it is unknown whether specific glycemic targets
should be recommended. In a recent multicenter retrospective cohort
study that included >800 patients with T2DM, an improved glycemic
variability (fasting glycemia between 70 and 110 mg/dL and 2-hour
post-prandial glycemia <180 mg/dL) was associated with reduced levels
of IL-6 and CRP during hospital stay.* Importantly, greater glycemic con-
trol was associated with a 86% relative risk reduction (RRR) for all-cause
mortality (Figure 1B), as well as 53%, 88% and 76% RRR of developing
acute respiratory distress syndrome, acute kidney injury and acute myo-
cardial injury, respectively, compared to those with greater glycemic var-
iability.* Based on these data, which are, however, limited by the
retrospective nature of the data, achieving a glycemic control with glu-
cose levels between 70 and 180 mg/dL throughout the duration of the
hospital stay, seems a reasonable approach in patients admitted for
COVID-19. Clearly, prospective randomized trials investigating different
glycemic targets, and possibly using more sophisticated measures of gly-
cemic variability such as continuous glucose monitoring are encouraged.

Furthermore, whether specific antihyperglycemic agents should
be used to achieve such target remains unknown. It is reasonable to
use intravenous insulin therapy to achieve glycemic control while
closely monitoring glycemia to minimize the risk for hypoglycemia and
avoid significant glycemic variability. Metformin is one of the most
prescribed agents in T2DM. Knowing that COVID-19 patients are at
increased risk for dehydration secondary to the acute illness, we would
suggest against using metformin due to the increased risk of lactic aci-
dosis, especially in those with respiratory distress and hypoxemia, which
are, in turn, significant triggers for lactic acidosis. With the known
increased risk for DKA of SGLT2 inhibitors and the concomitant risk of
DKA possibly caused by the virus itself, it may be prudent to interrupt
such treatment in hospitalized patients else; closely monitor plasma
ketone bodies, electrolytes and pH.2 GLP1RA may also lead to dehydra-
tion, reduced food intake and weight loss. For such reasons, clinicians
should closely monitor patients for meeting energy as well as fluid
requirements to reduce the risk for dehydration. It may seem appropri-
ate to avoid GLP1RA in patients with limited food and fluid intake to
avoid further reduction of oral intake using these agents, especially in
the acute setting. Finally, DPP4 inhibitors (ie, sitagliptin, linagliptin and
alogliptin) appear safe, and therefore they can be continued. Due to its
association with increased risk for heart failure,” however, saxagliptin
should not represent the first choice of DPP4 inhibitor. Of note, DPP4
is ubiquitously expressed and serves as a receptor for the human coro-
navirus-Erasmus Medical Center (hCoV-EMC), the virus that causes
Middle East Respiratory Syndrome (MERS).*2 In culture, DPP4 inhibition
reduces the infectivity of the virus. Whether this is also true for SARS-
CoV-2 remains unknown, but it would ultimately propose the use of
DPP4 inhibitors as potential treatment for COVID-19, independent of
their glucose-lowering effects.

4 | CONCLUSION

T2DM is a risk factor for worse prognosis in patients with COVID-19.
In patients with T2DM, with or without COVID-19, the goal should

remain to achieve an optimal glycemic control and minimize the risk
for hypoglycemia and related risk for hospitalization.

Continuing agents such as SGLT2 inhibitors or GLP1RA in
T2DM patients with COVID-19 is reasonable due to their
established cardiorenal protective effects, in addition to potential
anti-inflammatory effects, yet maintaining hydration and frequent
blood glucose monitoring is advised. Of note, the cardiorenal bene-
fits of these agents have only been demonstrated in long-term
treatment, while their effects in the setting of acute infections
remain unknown. DPP4 inhibitors also represent an appropriate
choice, especially for patients who are prone to hypoglycemia and
do not tolerate SGLT2 inhibitors and/or GLP1RA. In those with
COVID-19 and admitted to the hospital, intravenous insulin
remains the drug of choice, while discontinuation of oral agents
should be considered. Of note, DPP4 inhibitors remain safe and
potentially have a protective role, therefore its discontinuation may
not be necessary.

Clearly, data resulting from randomized controlled trials are
urgently needed to ultimately guide the clinicians to implementing
the most appropriate glycemic target as well as the most effective
pharmacologic treatment in T2DM patients at risk for or have
COVID-19.
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