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Abstract
Background: Coronavirus disease 2019 (COVID-19) is a pan-
demic viral infection that has ravaged the world in recent 
times, and the associated morbidity and mortality have been 
much more pronounced in those with noncommunicable 
disease. Diabetes mellitus is one of commonest noncommu-
nicable diseases associated with worsening clinical status in 
COVID-19 patients. Summary: The aim of this review was to 
evaluate the receptors and pathogenetic link between dia-
betes and COVID-19. Both disease conditions involve inflam-
mation with the release of inflammatory markers. The roles 
of angiotensin-converting enzyme molecule and dipeptidyl 
peptidase were explored to show their involvement in CO-
VID-19 and diabetes. Pathogenetic mechanisms such as im-
paired immunity, microangiopathy, and glycemic variability 
may explain the effect of diabetes on recovery of COVID-19 
patients. The effect of glucocorticoids and catecholamines, 
invasion of the pancreatic islet cells, drugs used in the treat-
ment of COVID-19, and the lockdown policy may impact 

negatively on glycemic control of diabetic patients. The out-
come studies between diabetic and nondiabetic patients 
with COVID-19 were also reviewed. Some drug trials are still 
ongoing to determine the suitability or otherwise of some 
drugs used in diabetic patients with COVID-19, such as dapa-
gliflozin trial and linagliptin trial. © 2020 The Author(s)

Published by S. Karger AG, Basel

Introduction

Coronavirus disease 2019 (COVID-19) is a viral infec-
tious disease caused by the coronavirus, severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2) [1]. It 
is a single-stranded, enveloped RNA virus named after its 
crown-like surface projections seen on electron micros-
copy [2]. COVID-19 has similar clinical features as severe 
acute respiratory syndrome (SARS) and Middle East re-
spiratory syndrome (MERS), and the viruses belong to 
the family Coronaviridae and of the subfamily Corona-
virinae[2]. They have greater similiarities in their struc-
tural and biochemical constituents. The symptoms in-
clude fever, cough, respiratory difficulty, myalgia, gastro-
intestinal features, and a myriad of other symptoms.
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The disease is believed to have started in Wuhan, Chi-
na, and is regarded as a zoonotic infection from the wet 
animal market in 2019 [3]. The mortality arising from the 
disease is low and occurs in the severely ill patients. Mild 
to moderately ill patients make up about 80% of the cases. 
Since the onset of the disease, the number of deaths has 
been on the rise [4].

Diabetes mellitus is a chronic metabolic disorder that 
currently affects about 422 million persons worldwide 
[5]. COVID-19 and diabetes are both associated with 
acute and chronic inflammation, respectively. Both dis-
ease conditions can impact each other in terms of clinical 
progression and outcome. Therefore, it becomes impera-
tive to review studies on the effect of these diseases on 
each other and the pharmacological approach in the 
management of diabetes coexisting with COVID-19.

Pathogenesis of COVID-19
COVID-19 is a viral infectious disease with a predilec-

tion for the respiratory system. The infection is spread by 
respiratory droplets. The incubation period, which is the 
duration from the time of exposure to the development 
of symptoms, is 2–14 days [6]. The incubation period in-
forms the duration of quarantine period for those who 
have contact with exposed victims.

Zoonotic exposure was the mode of transmission of 
initial cases recorded in China. However, subsequent cas-
es were obtained through human-to-human transmis-
sion via droplets in aerosols [7]. Transmission is also pos-
sible via some hospital procedures such as bronchoscopy, 
endotracheal intubation, and tracheostomy.

The respiratory system is initially affected, giving rise 
to pneumonic changes. The binding of the coronavirus 
S-glycoprotein to the angiotensin-converting enzyme-2 
(ACE2) receptor in the host with subsequent fusion with 
the cell membrane initiates the viral entry [8]. The S-gly-
coprotein is composed of S1 and S2 subunits which are 
situated on the surface spikes of the virus [9].

Furin, a protease which enhances viral entry, has been 
documented to be elevated in diabetic patients. The en-
hancement of viral entry is through the cleavage of S1 and 
S2 domains of the surface spike proteins [10]. Favorable 
factors for viral replication in the cytosol include an acid-
ic environment and the presence of proteases such as ca-
thepsin [11].

The inflammatory changes are initiated in the respira-
tory system with generation of multiple cytokines and 
chemokines, such as tumor necrosis factor-α; interleu-
kin-1, 7–10; interferon gamma; granulocyte colony-
stimulating factor; granulocyte-monocyte colony-stimu-

lating factor; fibroblast growth factor 2; monocyte che-
moattractant protein-1; and macrophage inflammatory 
protein 1 alpha [12]. Some laboratory features include 
leukocytosis in most cases, although leukopenia can also 
be found. Inflammatory markers such as erythrocyte 
sedimentation rates and C-reactive proteins were elevat-
ed in the serum of COVID-19 patients. C-reactive pro-
tein was significantly associated with the progression to 
severe forms of COVID-19 (OR 1.056; CI 1.025–1.089;  
p < 0.001) [13].

Pathogenesis of Diabetes
Diabetes mellitus is caused by either absolute insulin 

lack in type 1 diabetes or insulin resistance in type 2 dia-
betes [14]. Chronic hyperglycemia is the main metabolic 
derangement in diabetes and gives rise to glucotoxicity to 
body tissues with the formation of advanced glycation 
end products [15]. These mechanisms are responsible for 
the chronic complications of diabetes. Lipotoxicity also 
plays a role.

Acute complications of diabetes include diabetic keto-
acidosis (DKA) and hyperglycemic hyperosmolar states 
[16]. Hypoglycemia is a complication of treatment which 
is mainly noted with insulin or sulfonylurea use. The 
commonest precipitating factor in DKA and hyperglyce-
mic hyperosmolar states is infection which increases the 
body’s insulin requirements resulting in uncontrolled hy-
perglycemia. Chronic hyperglycemia predisposes to in-
fections and the latter also worsen hyperglycemia, thus 
initiating a vicious cycle [17].

The role of inflammation in diabetes has been de-
scribed. The association between inflammation and dia-
betes was made based on the identification of inflamma-
tory markers such as C-reactive proteins, IL-6, plasmino-
gen activator inhibitor-1, tumor necrosis factor-α, leptin, 
and adiponectin [18, 19].

Interrelationship between Diabetes and COVID-19 
Infection at Receptor Level
Dipeptidyl Peptidase-4
Incretins such as glucagon-like peptide and gastric in-

hibitory peptide are known to be defective in type 2 dia-
betic patients. They enhance insulin secretion. However, 
these incretins can be degraded by dipeptidyl peptidase-4 
(DPP4) in the intestinal tract, thus potentially reducing 
their activities. DPP4 is a transmembrane glycoprotein 
which exists as a dimer in active state and has a molecu-
lar mass of 220 kDa [20]. DPP4 inhibitors inhibit the ac-
tivity of this degrading enzyme, thus enhancing the ca-
pacity of incretins in insulin secretion. They include 
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vildagliptin, saxagliptin, sitagliptin, linagliptin, teneli-
gliptin, and trelagliptin [21].

This same enzyme has been implicated as a compo-
nent of an entry receptor for the coronaviruses: human 
coronavirus-Erasmus Medical Center [22] and MERS-
CoV [23]. DPP4 was originally referred to as CD26 [20]. 
However, the site of DPP4 in coronavirus pathogenesis is 
located in the bronchial tree [22]. Human coronavirus-
Erasmus Medical Center has genetic resemblance to oth-
er coronaviruses.

In an animal study by Iwata Yoshikawa et al. [24], 
transgenic mouse models were made susceptible to 
MERS-CoV by expressing DPP4. Type 2 diabetes was in-
duced in the mice using high-fat diet. The DPP4 mice fed 
with high-fat diet developed hyperglycemia and hyperin-
sulinemia (which are the initial stages in the pathogenesis 
of type 2 DM). When the DPP4 mice were infected with 
MERS-CoV, they had severe viral infection with delayed 
recovery and weight loss which were independent of viral 
titers [25].

Since MERS-CoV and SARS-CoV-2 belong to the 
same subfamily of Coronavirinae, it is possible that the 
effect of diabetes on the viral infections may be similar. 
This requires elucidation from future research works.

Does the above implication mean better efficacy of 
DPP4 inhibitors in diabetic patients with COVID-19? A 
clinical trial (NCT04341935) is ongoing with the aim of 
determining the efficacy of linagliptin in diabetes control 
and reduction in the severity of COVID-19 infection [26]. 
The primary completion date is October 30, 2020.

ACE2 Receptor
ACE2 receptor is very vital in SARS-CoV-2 entry into 

the cells. The receptor is sufficiently expressed by the ep-
ithelial cells of the lungs, intestine, kidney, and vessels 
[27]. Li et al. [28] showed that patients with diabetes also 
express high concentrations of ACE2 and its level is sig-
nificantly raised in those taking angiotensin-converting 
enzyme inhibitors (ACEi) or angiotensin receptor block-
ers (ARBs). The hypothesis that ACE2 polymorphisms 
are linked to some noncommunicable diseases such as 
diabetes, hypertension, stroke, and genetic predisposition 
to developing SARS-CoV 2 infection has been postulated 
[29, 30].

SARS-CoV-2 infectivity is related to the rate of shed-
ding of ACE2. Lambert et al. [31] showed that A disinte-
grin and metalloproteinase 17 (ADAM17) is capable of 
shedding the ecto-domains of some membrane-bound 
cell adhesion molecules and cytokines such as ACE2 mol-
ecule. The extracellular domain of ACE2 forms the recep-

tor for the spike (S) protein of SARS-CoV-2, and this is 
the basic site for the pathogenesis of SARS-CoV-2 infec-
tion [32]. This was demonstrated using phorbol myristate 
acetate, which caused the transformation of ACE2 with a 
molecular weight of 120 kDa to a polypeptide of 105 kDa 
and the proteolytic shedding of the ACE2 enzymatic ac-
tive ecto-domain [31]. Thus, inhibition of ADAM17 re-
sults in the reduction of proteolytic shedding of the ACE2 
ecto-domain and eventually increases the rate of entry 
and infectivity of SARS-CoV-2 [33]. The finding is from 
laboratory animals but yet to be replicated in humans. 
The inhibitors of ADAM17 include tissue inhibitory me-
talloproteinase-3 and insulin [34, 35]. Another protease, 
transmembrane protease serine 2 antagonizes the effect 
of ADAM17 and enhances the cellular uptake of soluble 
SARS-CoV2 entry through the cleavage of ACE2 [36].

ACEi and ARBs
ACEi and ARBs are important antihypertensive med-

ications that are widely used in patients with hyperten-
sion and diabetes. They are known to increase cardiac 
ACE2 [37]. In view of the role of ACE2 in COVID-19 
pathogenesis, it is important to detect effects of these 
drugs on the severity of the disease. Most authors still 
hold the opinion that despite the theoretical knowledge 
of increased ACE2 with ACEi or ARBs, there is not 
enough practical evidence from large population studies 
to refute their use in patients with hypertension and dia-
betes [38, 39]. Chen et al. [40] showed that the clinical 
outcomes in COVID-19-positive patients with coexisting 
diabetes and hypertension who use ACE inhibitor or an-
giotensin II receptor blocker were comparable to those 
not using the drugs.

A clinical trial (NCT04318418) was designed to deter-
mine the effect of ACE inhibitors and angiotensin II type 
1 receptor blockers on the severity of COVID-19 infec-
tion [41]. It was a retrospective case-control study with a 
target study population of 5,000 participants. The study 
was completed on April 30, 2020, but the outcome is not 
yet published.

Effect of Diabetes on COVID-19 Infections
Patients with diabetes mellitus have increased predis-

position to viral and bacterial infections including those 
affecting the respiratory tract [42]. One of the mecha-
nisms responsible for this predisposition is the “lazy” leu-
kocyte syndrome, which represents impaired leukocyte 
function of phagocytosis (impaired immunity). This fur-
ther emphasizes the likelihood of increased propensity of 
SARS-CoV-2 infections in diabetic cohorts [43].



Ugwueze/Ezeokpo/Nnolim/Agim/
Anikpo/Onyekachi

Dubai Diabetes Endocrinol J4
DOI: 10.1159/000511354

Microangiopathy in diabetes mellitus also impairs the 
lung compliance with consequent affectation of the gas-
eous exchange. This impairment may result in the prolif-
eration of some respiratory pathogens including SARS-
CoV-2 [44]. There are respiratory changes in diabetic pa-
tients that affect lung volumes and pulmonary diffusing 
capacity [45].

Muniyappa and Gubbi [43] summarized the potential 
mechanisms through which diabetes increases the SARS-
CoV-2 morbidity and mortality: (i) increased cellular 
binding affinity and efficient viral entry, (ii) decreased vi-
ral clearance, (iii) reduced T-cell function, and (iv) in-
creased susceptibility to hyper-inflammation and cyto-
kine storm. In the present COVID-19 pandemic, a study 
done in Italy showed that diabetes mellitus ranks high 
among the comorbidities in patients with COVID-19. 
Systemic hypertension and ischemic heart disease were 
also common among the comorbidities noted in the pa-
tients [46].

A study done in Wuhan on the characteristics of CO-
VID-19 patients showed that patients with diabetes mel-
litus accounted for 2–20% of positive cases and also con-
stituted about 7.1% of ICU admissions [12]. Yang et al. 
[47] and Cheng et al. [48] also demonstrated a prevalence 
of 17 and 12.1%, respectively, among 52 and 99 corona-
virus-positive cases in China. However, some parameters 
such as glycated hemoglobin and the presence of chronic 
diabetic complications were not reported.

A similar study done in New York among 5,700 hos-
pitalized patients with COVID 19 showed that 1,808 pa-
tients (33.8%) were diabetic, 3,026 (56.6%) had systemic 
hypertension, while 1,737 (41.7%) were obese [49]. This 
study generally emphasized the impact of noncommuni-
cable diseases on COVID-19 infection.

Glycemic variability is a prognostic factor in diabetic 
patients with COVID-19 infection. Hyperglycemia wors-
ens the outcome by the process of cytokine storm, endo-
thelial dysfunction, and multiple organ injuries [50]. In 
the lungs, the primary target of COVID-19, hyperglyce-
mia leads to a rapid deterioration in spirometric func-
tions, especially decreased forced expiratory volume in 1 
second and forced vital capacity [51]. Phillips et al. [52] 
showed that in hyperglycemic states, there is elevated glu-
cose concentration in the respiratory epithelium which 
may affect its innate immune capacity. Hypoglycemia 
also increases cardiovascular mortality by accentuating 
monocytes which are pro-inflammatory and enhancing 
platelet aggregation [53]. Severe hypoglycemia which 
may occur with strict glycemic control may worsen the 
overall mortality rate [54].

Bode et al. [55] demonstrated that suboptimal glyce-
mic control in COVID-19 patients is correlated with 
higher mortality rate. The mortality was 28.8% in the dia-
betic group compared to 6.2% in the nondiabetic group.

Effect of COVID-19 on Diabetes
COVID-19 infection compounds the stress of diabetes 

mellitus by releasing glucocorticoids and catecholamines 
into circulation. These worsen glycemic control and in-
crease the formation of glycation end products in many 
organs and worsen prognosis [56].

Does COVID-19 Have Any Direct Effect on the 
Pancreas?
Some authors have considered the rapidity of worsen-

ing glycemic control in stable diabetic patients with CO-
VID-19 requiring the use of high insulin dose and sug-
gested the possibility of pancreatic invasion by the SARS-
CoV-2 [57, 58]. The above perspective has been 
supported by the finding of high levels of ACE2 in the 
pancreatic islet beta cells which may cause increased islet 
cell injury and impaired insulin secretion [59]. Wang et 
al. [60] demonstrated that 9 (17%) of 52 admitted patients 
in Wuhan with COVID-19 pneumonia developed pan-
creatic injury as evidenced by abnormality in serum amy-
lase or lipase levels. Six of the affected 9 patients with pan-
creatic injury also developed glucose intolerance. After 
viral entry into the beta cells, there is a downregulation of 
ACE2 leading to increased angiotensin level, which also 
impairs insulin secretion [61]. Possible mechanisms of 
pancreatic injury include (i) direct cytopathic effect of 
SARS-CoV-2 replication, (ii) systemic response to respi-
ratory failure, and (iii) harmful immune response in-
duced by SARS-CoV-2 infection [60].

Effect of Corticosteroids
Corticosteroids such as hydrocortisone are used to sup-

press inflammation. In severe cases, methylprednisone (in 
the dose of 1–2 mg/kg/day) is used to control cytokine 
storm [62]. However, results showed no specific benefit 
but some complications such as worsening diabetes, avas-
cular necrosis, and psychosis [63]. The use of corticoste-
roids may raise blood glucose by 80% in diabetic patients 
with COVID-19 infection and to a lesser extent in those 
without diabetes [64]. This has resulted in increased mor-
tality in patients with coronavirus infection. In conditions 
where corticosteroids are needed, then blood glucose mon-
itoring is vital to maintain near euglycemia and achieve 
optimal pulmonary and immunologic functions [65].
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Lockdown
A policy was implemented in many countries in a bid 

to flatten the infective curve of COVID-19. The effect of 
such policy led to limited access of many diabetic patients 
to their diets, exercise, drugs, and routine hospital check-
up. This resulted in worsening glycemic control with 
eventual development of acute and chronic complica-
tions of diabetes [66].

Outcome Studies of Type 2 Diabetic and Nondiabetic 
Population with COVID-19 Infection
The degree of inflammatory response to COVID-19 is 

more marked in diabetic patients than in nondiabetic co-
horts. The study by Zhu et al. [67] showed that type 2 
diabetic group had higher levels of inflammatory markers 
such as C-reactive protein and procalcitonin (57.0 and 
33.3%) than the nondiabetic group (42.4 and 20.3%), re-
spectively. Elevated C-reactive protein may serve as a 
marker for identifying those with high risk of death from 
COVID-19 [40]. The D-dimer which is a marker of co-
agulation status was also elevated in the diabetic group 
compared to the nondiabetic group (50.5 vs. 33.3%). The 
levels of these inflammatory markers have been corre-
lated with the severity of COVID-19 infection [68].

A derivation from the higher degree of inflammation 
and coagulation in diabetic-COVID patients shows that 
they required more integrated and intensive manage-
ment than the control group. In the study at Hubei in 
China, among 952 participants with pre-existing type 2 
diabetes, noninvasive ventilation was employed in 10.2% 
of diabetic patients as against 3.95% in the nondiabetic 
group [67]. Similarly, invasive ventilation was used in 
3.6% of the diabetic group compared to 0.7% in the non-
diabetic group.

The COVID-19 and Diabetes Outcomes (CORONA-
DO) study (NCT04324736) in France was a prospective 
observational trial aimed at determining the phenotypic 
characteristics of diabetic patients admitted for COV-
ID-19 infection [69]. The study findings showed that 
among 1,317 participants, 382 (29%) required tracheal 
intubation or died within 7 days on admission, while 18% 
were discharged. Only BMI was independently associated 
with severity of COVID-19, while HbA1C, use of renin-
angiotensin-aldosterone system blockers, and DPP4 in-
hibitors were not. Other variables such as age and micro-
vascular and macrovascular diabetic complications were 
associated with risk of early death. The impact of obesity 
on the frequency of use of mechanical ventilation was also 
demonstrated by Simonnet et al. [70].

Does COVID Infection Affect the Choice of 
Antidiabetic Drugs?
The ideal antidiabetic medications used in DM pa-

tients with coexisting COVID-19 infection should not 
only lower blood glucose but should also not worsen the 
prognosis of COVID-19 infection. There is paucity of 
data on the ideal antidiabetic medication in COVID-19 
patients with diabetes. Some findings concerning antidia-
betic medications are discussed below.

Insulin
Insulin exhibits inhibitory action on ADAM-17 [35]. 

ADAM-17 enhances the proteolytic shedding of the en-
zymatic active ecto-domain of ACE2 in laboratory ani-
mals [31]. This may suggest that insulin increases the ac-
tivity of ACE2 [35] and also increases the infectivity of 
SARS-CoV-2 but is yet to be substantiated in humans. 
The beneficial effect of insulin may be related to its anti-
inflammatory effect, which is by suppression of pro-in-
flammatory cytokines and increased immune mediators 
[71]. Sardu et al. [72] showed that insulin use achieved 
better glycemic control in 25 diabetic patients with CO-
VID-19, where the mean glycemia during hospitalization 
was 10.65 ± 0.84 and 7.69 ± 1.85 mmol/L in non-insulin- 
and insulin-treated groups, respectively (p < 0.001) [73]. 
Posttreatment plasma glucose was still significantly lower 
in the insulin-treated group (p < 0.001). Recommenda-
tion by a body of experts is that insulin should be used in 
diabetic patients with COVID-19, especially hospitalized 
patients [58]. In order to reduce exposure of health-care 
workers to coronavirus, the use of continuous glucose 
monitoring has been effectively utilized [73].

Conversely, a recent study by Chen et al. [40] among 
136 (120) diabetic patients of 904 clinically diagnosed 
COVID patients showed that insulin users compared to 
non-insulin users in the diabetic cohort were associated 
with poor prognosis (OR 3.58; 95% CI 1.37–9.35; p = 
0.009). The finding of Chen et al. [40] requires validation 
from further meta-analytical studies.

Metformin
I. The ACE2 receptor is very vital in SARS-CoV-2 en-

try into the cells. Phosphorylation of the receptor renders 
it nonfunctional. Metformin can achieve the phosphory-
lation of ACE2 receptor via activation of adenosine mo-
nophosphate kinase [74]. The resultant effect is reduction 
in the binding capacity of the virus due to steric hindrance 
by incorporation of PO4–3 molecule.

Once the entry of the virus is established, there is a 
downregulation of ACE2 receptor and a corresponding 
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activation of renin-angiotensin-aldosterone system, 
which is responsible for the cardiac and pulmonary com-
plications of COVID-19 infection [75]. Since metformin 
inhibits the viral entry into the cell by disruption of bind-
ing capacity, it may be considered beneficial in COV-
ID-19 infection.

II. Inhibition of mammalian target of rapamycin 
(mTOR). Metformin inhibits mTOR via activation of ad-
enosine monophosphate kinase in the liver and liver ki-
nase B1. mTOR plays a significant role in the pathogen-
esis of influenza viruses, but this has not been document-
ed in COVID-19 [74].

However, despite these beneficial mechanisms at the 
molecular levels, metformin is not recommended in the 
clinical management of COVID-19 infection. This is due 
to the risk of lactic acidosis, which may ensue in diabetic 
patients with dehydration from acute viral infection [58] 
and worsen hyperglycemic emergencies in hospitalized 
patients. Worsening dehydration may also result in prer-
enal acute kidney injury.

Sulfonylureas
Due to poor caloric intake in acute infections, the use 

of sulfonylureas may induce hypoglycemia. It is not ideal 
in the management of hyperglycemia in COVID-19 [76]. 
This is the case especially in ICU admissions.

Glucagon-Like Peptide-1 Agonists
Liraglutide enhances ACE2 levels in cardiac and pul-

monary tissues of rats [77]. However, similar effect is not 
replicated in humans. Although there may be possibility 
of a poor outcome from its usage, this is yet to have a prac-
tical significance.

Thiazolidinediones
Pioglitazone has been shown to reduce the level of 

ADAM-17 in human skeletal muscles [78]. The drug also 
potentiates the effect of ACE2 which was noticed in rats 
[79]. The tendency to cause fluid retention and worsen 
heart failure makes pioglitazone unsuitable in patients 
with both diabetes and COVID-19.

DPP4 Inhibitors
The anti-inflammatory property of DPP4 inhibitors 

may mitigate the effect of COVID-19 on glycemic con-
trol. They do not potentiate ACE levels in mice, and thus 
may be considered beneficial in diabetic patients with 
COVID-19. Bornstein et al. [58] recommended this 
class of drug in treating hyperglycemia in COVID-19 
patients. A clinical trial is ongoing to determine the ef-
ficacy of linagliptin in COVID-19 patients with diabetes 
[26]. A summary of trial with linagliptin is shown in Ta-
ble 1.

Sodium Glucose Transporter-2 Inhibitors
Sodium glucose transporter (SGLT)-2 inhibitors en-

hance renal ACE2 [80] and thus may have poor out-
comes, but this is yet to be substantiated in randomized 
controlled trials. A clinical trial (DARE-19) at phase 3 is 
ongoing with the aim of assessing the potential of the 
SGLT-2 inhibitor dapagliflozin to reduce COVID-19 in-
fection, complications, and death among adults with 
cardiovascular, metabolic, and renal risk factors [81]. 
This is shown in Table 1. Dehydration and euglycemic 
DKA are limiting factors to the use of SGLT-2 inhibitors 
[58].

Table 1. Summary of clinical trials in COVID-19 and diabetes disease states

S/N Phase Primary outcome Clinical trial ref Completion 
date

CORONADO study [67] Noninter-
ventional

Assess the prevalence of severity among hospitalized 
patients with DM and COVID-19

NCT04324736 May 8,  
2020

DARE-19 study [77] Phase 3 Evaluate the effects of dapagliflozin versus placebo on 
the risk of death/disease progression in COVID-19 
hospitalized patients

D1690C00081 December 
2020

CODIV-ACE study [39] Observational 
study

Severity of pneumonia or acute respiratory distress 
syndrome by COVID-19

NCT04318418 April 30,  
2020

DPP4-inhibition on 
COVID-19 [26]

Phase 4 Changes in blood glucose levels from baseline to 2 
weeks

NCT04341935 December 30, 
2020

COVID-19, coronavirus disease 2019; DPP4, dipeptidyl peptidase-4.
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Chloroquine/Hydroxychloroquine
The mechanism responsible for the hypoglycemic effect 

of chloroquine is not clearly elucidated [82]. However, im-
provement in the pancreatic beta cell function has been 
suggested as shown by increased C-peptide response when 
the drug is administered [83]. Kumar et al. [84] evaluated 
the efficacy and safety of hydroxychloroquine when added 
to stable insulin therapy in combination with metformin 
and glimepiride in comparison to sitagliptin. After a study 
period of 24 weeks, HbA1C reduction was 1.3% in the hy-
droxychloroquine group and 0.9% in the sitagliptin group 
(p < 0.001). A greater reduction in fasting plasma glucose 
of 31.0 mg/dL in the hydroxychloquine group than 23.2 mg 
in the sitagliptin group was observed. The study, however, 
did not specify whether the participants in the hydroxy-
chloroquine group developed side effects of hydroxychlo-
roquine such as retinal impairment, skin reaction, hearing 
loss, and cardiac arrhythmias, which are notable limita-
tions to its use in diabetes [85].

The mechanism of action of hydroxychlorquine is by 
increasing the pH of intracellular milieu which inhibits in-
sulin breakdown, thus enhancing its recirculation and ef-
fectiveness in hyperglycemic states [86]. However, chloro-
quine or hydroxychloroquine is not classified as a typical 
antidiabetic drug. Hydroxychloroquine is also one of the 
experimental drugs used in COVID patients. It is used in 
conjunction with zinc to improve its efficacy [87]. Cheng 
et al. [40] showed in a multivariate regression analysis that 
the typical antidiabetic drugs (insulin, secretagogues, met-
formin, DPP4 inhibitors, and alpha-glycosidase inhibi-
tors) were not associated with in-hospital mortality.

Conclusion

The knowledge of interaction between diabetes and 
COVID-19 is still evolving. However, some clearly es-
tablished links include the role of ACE2 and increased 

severity of COVID-19 infection in patients with diabe-
tes. The role of DPP4 is implicated in MERS-CoV patho-
genesis, so theoretically it may be implicated in SARS-
CoV2 also, as they belong to the same subfamily and 
family. Inflammation has been implicated in both dis-
ease conditions.

Although some antidiabetic drugs have effects on the 
cellular entry molecules, randomized controlled trials 
have not established worsening of diabetes control with 
these drugs in COVID-19 infection. Antidiabetic drugs 
that can reduce inflammatory processes and achieve 
good glycemic control are ideal. Insulin is of special im-
portance in managing COVID-19 patients with diabe-
tes, especially those who have hyperglycemic emergen-
cies or in ICU admission. More elaborate research and 
randomized control trials are still required to elucidate 
some unclear postulates regarding the molecular and 
therapeutic interrelationship between diabetes and CO-
VID-19 infection.
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