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Evidence suggests that diabetes is one the most relevant comorbidity in affecting the prognosis of COVID-19. Al-
beit there are no specific trials nor subgroup analysis showing the effect of COVID-19 therapies in patients with
diabetes, selected features of this disease and the side effects associated with certain drugs require a proper
knowledge to optimize the pharmacological therapy of patients with diabetes and COVID-19. While chronic
anti-hypertensive and glucose-lowering therapies should not be discontinued nor preferred for preventive pur-
poses, the low-grade pro-inflammatory, the thrombosis-prone status of diabetes, the role of acute
hyperglycaemia in promoting adverse outcomes in patients admitted to ICU, and the observed increasedmortal-
ity in patients with poor long-term glycaemic control delineate a delicate balance in case of severe forms of
COVID-19. Here, we briefly summarized someof the key pharmacological issues linked to themanagement of pa-
tients with diabetes and COVID-19, in order to provide indications tominimize the deleterious effects of the con-
comitant presentation of these diseases and to use the existing pharmacological options in an appropriate
manner.

© 2021 Elsevier Inc. All rights reserved.
1. Introduction

Coronavirus disease (COVID)-19, the infectious disease caused by
SARS-CoV-2, has spread all over the world. Diabetes has emerged as
one of the most important comorbidities in affecting the prognosis of
people with COVID-19.1 Diabetes, and in particular type 2 diabetes, is
characterized by a pervasive status of low-grade inflammation, the
presence of multiple comorbidities, and a thrombosis-prone profile.2–5

These predispose patients with diabetes to develop a severe hyper-
inflammatory reaction, coagulation abnormalities, andmulti-organ fail-
ure, usually underlying the most severe forms of COVID-19.6 On the
other side, some anti-inflammatory drugs, e.g. corticosteroids, are
known toworsen glycaemic control in peoplewith diabetes, a phenom-
enon that should be avoided in patients admitted to ICU.7 Hyperglyce-
mia at hospital admission has been linked to an increased death rate
in COVID-19 patients with and without diabetes.8 In addition, SARS-
yme-2; (ARBs), Angiotensin-
zyme inhibitors; (COVID-19),
l-peptidase 4 inhibitors; (GLP-
), Intensive Care Unit; (SARS-
; (SGLT-2 inhibitors), Sodium-

audenzio Fantoli, 16/15, 20138

Ceriello),
CoV-2 infection per se has been suggested to promote and aggravate
the diabetic condition, given the ability of the virus to promote both sys-
temic acute inflammatory responses, likely causing insulin resistance,
but also β-cells deterioration.4 These considerations delineate a delicate
balance between the potential benefits and harms of pharmacological
therapies in patients with the concomitant presentation of diabetes
and COVID-19.

In this article, we synthesize key pharmacological aspects of the
management of COVID-19 in patients with diabetes, focusing on both
the chronic therapies, i.e. the anti-hypertensive and the glucose-
lowering, and the drugs used for the management of patients in case
of infection, i.e. the anti-inflammatory (hydroxychloroquine, corticoste-
roids, and the anti-cytokine biologicals), the antivirals, and the anti-
coagulant ones.

2. Chronic therapies- antihypertensives and glucose-lowering
therapies

Angiotensin-Converting-Enzyme-2 (ACE2) receptors have been
identified as the receptors for the spike-protein of the “Severe acute re-
spiratory syndrome coronavirus 2” (SARS-CoV-2).9 A serious concern,
particularly for diabetes, about a possible induction of the ACE2 was
suggested related to the use of ACEi or ARBs.10,11 Both ACEi and ARB
are widely used for the treatment of hypertension and different kidney
diseases, two conditions very often present in diabetes. Specific studies
have later confirmed that these drugs are neutral or even somehow
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helpful during the COVID-19,12,13 thus suggesting that suspending such
therapies has no benefit in preventing severe forms of COVID-19. This
applies also to patients with diabetes.14,15 Rather, mechanistic hypothe-
ses suggest that drug discontinuation in case of infection can eventually
promote adverse outcomes through a detrimental effect on ACE1/ACE2
balance.16 On the contrary, an ongoing trial will test if introducing de
novo an ACEi in case of infection can be helpful to attenuate COVID-19
outcomes (NCT04366050).

Inflammation plays a key role during the SARS-CoV-2 infection. The
Dipeptidyl Peptidase 4 receptor (DPP4) is expressed ubiquitously in
many tissues, including in the respiratory tract, where it cleaves a
large range of protein substrates, including cytokines and chemokines.17

DPP4 was also suggested to be the functional receptor of other human
coronaviruses, thus representing a potential target to reduce the sever-
ity of the COVID-19 by attenuation of both viral spreading and of the in-
flammatory response.17,18 DPP4 is the target of incretin-based therapies,
and this opened the discussionwhether DPP4-inhibitors, currently used
for the treatment of people with type 2 diabetes, may be effective
against SARS-CoV-2 infection.17 Recent data from observational studies
have shown both a beneficial or a neutral effect of DPP-4 inhibitors on
COVID-19 related mortality.15,19,20 Worth mentioning, a genetic variant
within the gene encoding for DPP9, a serine protease of the same family
of DPP4, is associated with severe forms of COVID-19,21 while diverse
DPP4 inhibitors have different selectivity among various DPP, with di-
vergent effects on immune cells activation.22 Two ongoing trials are ex-
ploring if DPP-4-inhibitor treatment on top of the insulin regimen can
help to ameliorate the severity of the COVID-19 (NCT04341935;
NCT04542213).

It has been hypothesized that the Sodium-Glucose-Transporter-2 in-
hibitors (SGLT-2i), the Glucagon-Like-Peptide-1 Receptor Agonists
(GLP-1RAs), Pioglitazone and even Insulin might induce an over-
expression of the ACE2, therefore increasing the risk for more serious
consequences for people with diabetes if infected.23 The alarm has not
been justified; on the contrary all the above-mentioned drugs for the
treatment of diabetes also show very good anti-inflammatory action
and, in the case of GLP-1RAs and SGLT-2i, proven cardiovascular and
renal protection.24 Recent data from large observational cohorts
showed a neutral effect in terms of COVID-19 related mortality in pa-
tients initiating such drugs,20 while metformin and insulin users
showed, respectively, a decreased and an increased COVID-19 related
mortality. 20,25Whether these effects are drug-intrinsic or simply reflect
the use of different drug classes at different stages of diabetes progres-
sion is matter of investigation.20,25,26 An ongoing trial is testing if the
SGLT-2 inhibitor dapagliflozin is able to attenuate the progression of
COVID-19 in patients with or without diabetes (NCT04350593). How-
ever, at present there are no data to justify a change in the glucose-
lowering regimen for preventive purposes against COVID-19 in patients
with diabetes, nor any drug should be added to the treatment schedule
in case of infection. Also, ambulatory treatment should not be
suspended in case of mild COVID-10.

3. Complications–hyperglycemia– impact and management &
thrombosis

As reported above, diabetes is one of the most common comorbidi-
ties of severe COVID-19.1 However, what is intriguingly emerging is
that beyond diabetes itself and the long-term glycemic control, the
level of hyperglycemia at the time of the hospital admission for
COVID-19 is conditioning a worse prognosis.8,14,27–32 Hyperglycemia
exposes at higher risk of complicated COVID-19, particularly in people
without previous diabetes or with diabetes discovered at the
hospitalization,33 a condition being explored also to ascertain if
COVID-19 itself can trigger the development of diabetes due to β-cells
disruption.4 Furthermore, some studies also report that glucose variabil-
ity, on top of the acute hyperglycemia, may have a damaging effect.8,32

These findings suggest that acute hyperglycemia, in addition to long-
2

term glycaemic control,34 may play a key role in worsening the progno-
sis of people with COVID-19.35 In addition, short-term glycemic control
might improve the prognosis of patients with diabetes hospitalized for
COVID-19,30 albeit it cannot be firmly established whether acute hyper-
glycemia is an etiological factor driving poor prognosis or simply reflect
disease severity. Of note, the deleterious effect of acute hyperglycemia
in diabetes, more than the previous glycemic control, was previously
shown in the Intensive Care Unit (ICU) setting, where an increased
gap between admission glucose and HbA1c-derived average glucose
levels has been demonstrated to be a predictor of mortality in critically
ill patientswith diabetes.7 The damaging impact of acute hyperglycemia
and the effect of glucose variability were both already documented be-
fore the COVID pandemic.17,36,37 Moreover, it also well known that
acute hyperglycemia in the ICU is more dangerous for people without
diabetes than for people with diabetes.37

However, excluding some recommendations released by the experts
in diabetes,38–40 in the available National and International professional
guidelines and expert recommendations (41 accessed and examined
through PubMed accessed on October 20 18th 2020) the problem of di-
abetes and, particularly of the need for a strict control of hyperglycemia,
is neglected. Continuous glucose monitoring should be mandatory to
ensure stable metabolic compensation. Patients in the ICU requiring
therapy for glycemic control should be handled solely by intravenous
insulin using exact dosing with a perfusion device,38–40 a recommenda-
tion deriving from historical trial showing a reduction in short-term
morbidity and mortality in critically ill adults targeted to lower blood
glucose levels with insulin, independently of the etiological factor pro-
moting ICU admission and valid also for patients without diabetes.42,43

Thrombosis emerged as one of the most important complication of
COVID-19 and high dose anticoagulants treatment has been shown to
be live-saving.44–47

Diabetes is characterized by a thrombosis-prone status.48 Hypergly-
cemia is a pro-thrombotic factor by itself,2,49 and this is particularly true
in the case of acute hyperglycemia2,49,50 or glucose variability.51 These
aspects of diabetes were initially not taken into account in COVID-19
management.38,39 It is worth remembering that acute hyperglycemia
induces an activation of coagulation also in people without
diabetes.2,49,52 This phenomenon, which is driven by oxidative stress
generation, is also accompanied by the induction of inflammation and
endothelial dysfunction, which, together, may precipitate a cardiovas-
cular event and promote other detrimental outcomes, particularly in
the case of the COVID-19.3 Prophylactic anti-coagulant therapy should
represent a routine approach to manage patients with diabetes and
COVID-19.

4. Management of infection

4.1. Corticosteroids

The use of corticosteroidswas not recommended at the beginning of
the COVID-19 pandemic.53–55 This was also the official position of the
WHO.55 This recommendationwasmainly driven by the previous expe-
rience with influenza, SARS-CoV-1, or MERS-CoV.53

COVID-19 is characterized by an intense inflammatory reaction56;
therefore, corticosteroid treatment could have had an important role
to suppress lung and other tissues inflammation. The recent publication
of the RECOVERYStudy shows that the use of Dexamethasonedecreases
mortality in people affected by severe forms of COVID-19,57 albeit con-
tradictory findings have also been reported.58

On the other side, data seem to show that the use of corticosteroids
in peoplewith diabetes is accompanied by aworse prognosis.41,59 In the
same studies, however, it is also confirmed the deleterious effect of hy-
perglycemia on the outcomes of the disease.41,59 A possible explanation
is that the use of corticosteroids impacts on the levels of glycemia and
that, probably, the advantages of using them may be lost because of
the damage induced by hyperglycemia.60 While definitive data
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regarding the usefulness of using corticosteroids in patients with diabe-
tes and COVID-19 are not available at present, this consideration further
emphasizes theneedof frequent glycemicmonitoring and control in pa-
tients with diabetes and COVID-19, especially when corticosteroids
therapy is introduced.

4.2. Hydroxychloroquine

Preliminary evidence suggested a potential benefit of using
hydroxychloroquine in the COVID-19, until two publications suggested
the uselessness of this treatment.61 The data of two papers were
questioned for serious methodological issues revealed after their
publication62,63 and the possible benefits of this treatment are still
under research.64 During this “debate” hydroxychloroquine use was still
promoted by media. Reports of success in early clinical studies were
widely publicized by news outlets, politicians and on social media.65

However, hydroxychloroquine may have serious adverse effects, particu-
larly for the heart.66 It is well known that cardiovascular diseases very
often accompany diabetes, so the use of hydroxychloroquine might
have exposed people with diabetes at higher risk of complications. More-
over, hydroxychloroquine is increasing the risk of hypoglycemia,67 which
itself is a serious risk factor for cardiovascular complications.68 Albeit no
trial tested the effect of hydroxychloroquine specifically in patients with
COVID-19 and diabetes, results from large trials showed no benefit in
terms of reducedmortality and an increased incidence of serious adverse
events in patients with COVID-19 treatedwith such drug.69 Given the lat-
est recommendations regarding hydroxychloroquine and COVID-19, this
aspect should no longer represent a concern.

4.3. Remdesivir

Remdesivir is the only FDA approved anti-viral drug for the treat-
ment of severe forms of COVID-19.70 While the WHO-conducted trial
showed no benefit in terms of survival in patients with COVID-19,71 an-
other study showed a shortening in the time to recovery in hospitalized
adults and a nonsignificant trend also for improved survival at day 29
from hospitalization.72 While the discussion regarding its benefit for
COVID-19 management is far from being closed, remdesivir is being
used in clinical practice in patients with severe forms of the disease.
None of the two available studies71,72 showed data for the subgroup of
patients with diabetes, precluding the exploration of its effect in this
specific setting. However, remdesivir is known to promote liver and kid-
ney damage.70Given thehigh prevalence of both liver, e.g.non-alcoholic
fatty liver disease, and kidney, e.g. diabetic nephropathy, diseases in pa-
tients with diabetes, it is of utmost importance to evaluate the presence
of these comorbidities and to monitor liver and kidney function when
the therapy is introduced.

4.4. Ivermectin

Ivermectin is being prescribed as a potential treatment for COVID-
19, especially in patients with mild forms of the disease. Previous pre-
clinical work showed a potential glucose-lowering effect for
ivermectin,73 albeit no data substantiated such observation in humans.
While there are no available data for ivermectin use in patients with di-
abetes and COVID-19, a recent trial showed no benefit for a 5-day course
of ivermectin in patientswithmild COVID-19, prompting the regulatory
agencies to recommend against its routine use.74,75

4.5. Anti-cytokines biologicals

COVID-19 patients, especially those experiencing the worst out-
comes, are often accompanied by an overwhelming inflammatory reac-
tion, usually referred to as “cytokine storm”.6 This phenomenon is
further enhanced by pre-existing co-morbidities, as in the case of type
2 diabetes.76 A number of trials are testing if targeting major cytokines
3

with existing anti-cytokine biologicals in COVID-19 patients provides
benefit in terms of mortality or other outcomes.77 Diffuse, rationale-
based use of such drugs is being done in hospitalized patients with
COVID-19.4 As mentioned above, diabetes, and especially type 2 diabe-
tes, has a pervasive inflammatory component in its etiopathogenesis.5,76

Thus, it is not surprising that a number of anti-inflammatory drugs, in-
cluding anti-cytokines biologicals, have showed a certain degree of
glucose-lowering effect in both patients with and without diabetes,78

as also substantiated by clinical trials.79 In particular, this applies also
to tocilizumab (anti-IL-6), anakinra (anti-IL-1 receptor), and multiple
TNF-α inhibitors, i.e. frequently used drugs in patients with COVID-
19.4,78 However, the magnitude of the glucose-lowering effect should
not represent a concern relative to the risk of hypoglycemia.4 Rather,
such drugs are expected to be particularly beneficial in severe COVID-
19 patients with diabetes, as well as with other diseases characterized
by low-grade inflammation.76 However, no specific data relative to the
effect of these drugs in the subgroup of patients with diabetes and
COVID-19 are available, with the exception of epidemiological findings
suggesting a decreased COVID-19-related mortality rate in subjects
with diabetes and on treatment with TNF-α inhibitors prior to
infection.25

4.6. Convalescent plasma and monoclonal antibodies therapies

The use of plasma from convalescent patients was proposed from
the beginning as a treatment to halt virus progression and limit the con-
sequences of COVID-19, so the FDA authorized its use as an investiga-
tional drug in this context.80 RCTs and other studies have provided
contrasting results. As a result, three meta-analysis found a consistent
benefit,81 a low-quality evidence for mortality reduction82 and no sub-
stantial benefit on a range of possible outcomes,83 respectively. Type 2
diabetes is accompanied by a range of alterations relative to the immune
system,which underlie a higher susceptibility to selected infections and
a blunted antibody response to vaccination.84 Thus, it might be hypoth-
esized that patients with type 2 diabetes are among those benefitting
most by convalescent plasma therapy. One small cohort study exploring
the effect of convalescent plasma in patients with type 2 diabetes
showed that, when compared to a matched cohort with similar clinical
characteristics on conventional therapy, patients treatedwith convales-
cent plasma had a higher rate of discharge from the hospital, with only
few and non-serious adverse events reported.85 Given that the rationale
underpinning the use of monoclonal antibodies is the same, similar re-
sults might be expected. At present, monoclonal antibodies have been
tested only in patients with early andmild COVID-19, providing prelim-
inary results in terms of reduction of viral load and subsequent rate of
hospitalization.86 No data are available specifically for patients with di-
abetes. However, this should not represent any contraindication for the
use of such drugs.

5. Concluding remarks

People with diabetes are among those with an increased risk of
death in case of COVID-19.1Myocardial injury is a very frequent compli-
cation of COVID-19, beingmore frequent in people with a previous car-
diovascular disease.87 This last condition is very often present in
diabetes88 and should justify a particular attention to this population.
Very well-known risky situations in diabetes, such has the effect of
acute hyperglycemia, the impact of corticosteroid therapy, the side ef-
fects of hydroxychloroquine as well as the specific thrombotic prone-
status should be well acknowledged in presence of the COVID-19.
Thus, the management of patients with diabetes and COVID-19 might
be optimized by an increased recognition of the importance of both
short and long-term, i.e. prior to infection, glucose control, thrombosis
prevention, and the hypo- or hyperglycemic side effects of selected
anti-inflammatory drugs. Rationale-based treatment algorithmand rec-
ommendations have been recently published4,36 and might be the best
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strategy to manage patients with diabetes and COVID-19, until specific
evidence regarding optimal therapy in this setting is available.
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