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ABSTRACT

The coronavirus disease-2019 (COVID-19) has been designated as a highly contagious infec-
tious disease caused by the severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2)
since December 2019, when an outbreak of pneumonia cases emerged in Wuhan, China.
The COVID-19 pandemic has led to a global health crisis, devastating the social, economic
and political aspects of life. Many clinicians, health professionals, scientists, organizations,
and governments have actively defeated COVID-19 and shared their experiences of the
SARS-CoV2.

Diabetes is one of the major risk factors for fatal outcomes from COVID-19. Patients with
diabetes are vulnerable to infection because of hyperglycemia; impaired immune function;
vascular complications; and comorbidities such as hypertension, dyslipidemia, and cardio-
vascular disease. In addition, angiotensin-converting enzyme 2 (ACE2) is a receptor for
SARS-CoV-2 in the human body. Hence, the use of angiotensin-directed medications in
patients with diabetes requires attention. The severity and mortality from COVID-19 was
significantly higher in patients with diabetes than in those without. Thus, the patients with
diabetes should take precautions during the COVID-19 pandemic.

Therefore, we review the current knowledge of COVID-19 including the global and regio-
nal epidemiology, virology, impact of diabetes on COVID-19, treatment of COVID-19, and
standard of care in the management of diabetes during this critical period.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

The coronavirus disease-2019 (COVID-19) has been desig-
nated as a highly contagious infectious disease caused by
the severe acute respiratory syndrome coronavirus-2 (SARS-

CoV-2) since December 2019, when an outbreak of pneumonia
cases emerged in Wuhan, Hubei, China [1].

Due to rapid and sustained human-to-human transmis-
sion, the COVID-19 pandemic has led to a global health crisis,
devastating the social, economic and political aspects of life.
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Many clinicians, health professionals, scientists, organiza-
tions, and governments have actively defeated COVID-19
and shared their experiences and knowledge of the SARS-
CoV2.

Diabetes is one of the major risk factors for fatal outcomes
from COVID-19 [2]. Patients with diabetes are vulnerable to
infection because of hyperglycemia; impaired immune func-
tion; and comorbidities such as hypertension, dyslipidemia,
and cardiovascular disease. In addition, angiotensin-
converting enzyme 2 (ACE2) is a receptor for SARS-CoV-2 in
the human body [3]. Hence, the use of angiotensin-
converting enzyme inhibitor (ACEI) or angiotensin II receptor
blockers (ARB) and high level of angiotensin II in patients with
diabetes requires attention. In fact, it was reported that the
overall proportion of diabetics with COVID-19 was 5.3-33.9%
in China [4], Italy [5], and the USA [6]. The severity and mortal-
ity from COVID-19 was significantly higher in patients with
diabetes than in those without [7]. Thus, the patients with
diabetes should take precautions during the COVID-19 pan-
demic. In addition, knowledge of the molecular mechanism
of viral entry and replication can direct the treatment strate-
gies and future research on targeted antiviral drugs and
vaccines.

Therefore, we review the current knowledge of COVID-19
including the global and western-Pacific regional epidemiol-
ogy, virology, impact of diabetes on COVID-19, treatment of
COVID-19, and standard of care in the management of dia-
betes during this critical period.

We searched all the articles in PubMed and Google Scholar
databases from December 2019 to early May 2020 using key-
words: “COVID-19”, “SARS-CoV-2”, “diabetes”, “epidemiol-
ogy”, “pathophysiology”, “ACE2”, “manifestation”, and
“treatment”.

2. Epidemiology
2.1.  Global epidemiology

In December 2019, an outbreak of pneumonia cases with
unknown cause emerged in Wuhan, Hubei, China. A novel
coronavirus was isolated from the patients with pneumonia,
and it was named 2019 novel coronavirus (2019-nCoV) [1]; it
was relabeled as SARS-CoV-2 and the disease it causes was
named coronavirus disease 2019 (COVID-19) in February
2020, by the World Health Organization (WHO) [8].

Due to sustained human-to-human transmission, the
rapid spread of SARS-CoV-2 resulted in a formidable outbreak
in many cities in China, expanding internationally to South
Korea (9], Europe [10], and the United States [11]. The WHO
declared the COVID-19 outbreak a pandemic on March 11,
2020 [12]. The case fatality rate (CFR) of COVID-19 is lower
than that of SARS-CoV1 and MERS-CoV, which were 9.4%
and 34.4%, respectively [13]. However, due to the high trans-
mission rate, the absolute number of fatality is strikingly
high.

As of May 8 2020, the WHO reported 3,759,967 confirmed
cases including 259,474 deaths (CFR 6.90%). In the Western
Pacific Region, 157,447 confirmed cases including 6394 deaths

(CFR  4.06%) were reported (https://www.who.int/docs/

default-source/coronaviruse/situation-reports) [14]. Recently,
as the countries are moving to less restrictive social distanc-
ing measures after successful initial defense, the number of
COVID-19 patients has been increasing in Japan, Hong Kong,
and Singapore. Thus, careful prevention and treatment of
COVID-19 is still needed in the western Pacific region (Fig. 1).

2.2.  Epidemiology and lessons from the experience of
South Korea

The first confirmed case of COVID-19 in the Republic of Korea
(South Korea) was a traveler from Wuhan, China on January
19, 2020 [15]. While the spread of COVID-19 was limited before
February 20, a huge outbreak occurred in a religious group in
the southern part of South Korea, Daegu, and the number of
COVID-19 cases in Korea reached 6593 on March 6, 2020. At
that time, South Korea had the second-highest number of
confirmed cases after China [16]. In the first two months of
the COVID-19 pandemic, South Korea was able to lower the
incidence of new cases and sustain a low mortality rate by
rapid activation of national response protocols led by national
leadership. As of May 8, 2020, the Korean Center for Disease
Control & Prevention (KCDC) reported 10,822 confirmed cases
including 256 deaths (CFR 2.37%) [17] (Fig. 2).

South Korea’s strategies for favorable outcomes are sum-
marized as five components [18,19]. (1) Early recognition of
the problem and transparent and prompt sharing of relevant
information: The KCDC performed careful contact tracing and
effective surveillance with rapid feedback. This early
response is related to the unfortunate experience with the
fatal MERS-CoV in South Korea in 2015. Because SARS-CoV-2
can be transmitted during the asymptomatic period [20],
active surveillance with announcement of tracing of con-
firmed cases and the code of conduct for prevention of
COVID-19 through media and mobile text messages has been
executed. The Ministry of Education postponed school open-
ing from March 2 to mid-May. These non-pharmaceutical
interventions could reduce the possibility of massive trans-
mission [21]. (2) Rapid establishment of diagnostic capacity
and extensive testing facilities: The KCDC rapidly developed
and established novel diagnostic tests using real-time poly-
merase chain reaction (PCR) technology through public-
private partnership and expedited approval by the Korean
Food and Drug Administration and deployment in whole
country. Individuals who had respiratory symptoms, identi-
fied as having contact with either confirmed or suspected
cases, had recently traveled to China, or highly affected local
areas were tested by PCR. The Korean government lowered
the threshold for COVID-19 screening test and heath care pro-
fessionals were allowed to perform diagnostic testing on any
individual suspected of having COVID-19 free of charge. In
addition, fast screening systems such as drive-through and
walk-through has been set up [22]. (3) Implementing innova-
tive and aggressive measures for control and preventing com-
munity transmission: Government officers meticulously
handled contact tracing, quarantining in smaller clusters,
and isolation. The Korean government has utilized informa-
tion and communication technology (ICT) and state-of-the-
art devices including the Self-Diagnosis App, Self-Isolation
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Fig 1 - Number of confirmed COVID-19 cases in the WHO region and Western pacific (WP) area, from 30 December 2019
through 8 May 2020. As of May 8, 2020, the WHO reported 3,759,967 confirmed cases including 259,474 deaths (CFR 6.90%) in
the WHO area. Especially, in the western pacific area, 157,447 confirmed cases including 6394 death cases (CFR 4.06%) were
reported [14]. In the WP area, the number of confirmed cases was highest is China, followed by Singapore, Japan, Republic of
Korea, Philippines, and Australia. (https://www.who.int/docs/default-source/coronaviruse/situation-reports-109).

Safety Protection App, and Epidemiological Investigation Sup-
port System designed to promptly track the routes of con-
firmed cases by GPS data, credit card transactions, and
CCTV recordings. Instead of declaring an entry ban, the gov-
ernment instituted a mandatory two-week quarantine for
all inbound travelers from April 1 and sustained the open bor-
der policy to prevent global and domestic economic down-
turn. (4) Redesigning the triage and treatment system: The
South Korean government redesigned health services and
divided them into two systems - COVID-19 system for
COVID-19 patients and non-COVID-19 system (National Safe
Hospital) for general patients. The COVID-19 health system
included public quarantine, primary health care triage,
admission for observation at primary-care accommodation
support centers with health care professionals, and transfer
to secondary or tertiary hospitals according to severity of ill-
ness. (5) Mobilizing the necessary resources for clinical care
and high-caliber healthcare professionals: Nonclinical facili-
ties such as training centers were transformed into clinical
facilities staffed with health professionals for mild-to-
moderate cases [23]. For severe cases, referral systems beyond
the boundary of the city or province was set up with coordina-
tion at the national level. In addition, supply of protective
equipment and therapeutic agents was managed to resolve
frontline difficulties via the Health Insurance Review &

Assessment Service. These strategies can be adopted by the
global community coping with COVID-19.

3. The prevalence, severity, and mortality of
diabetics with COVID-19

Even though there are differences in the pattern and intensity
of transmission ranges between different countries, the sim-
ilar finding was that the elderly; those with comorbidities
including hypertension, diabetes, cardiovascular disease,
chronic lung disease, immunocompromised state, severe obe-
sity, chronic kidney disease treated with dialysis, and liver
disease; and people in nursing homes or long-term care facil-
ities were at a high risk of fatal outcomes from COVID-19 [2].
Especially, people with diabetes are vulnerable to infection
and adverse outcomes because of hyperglycemia, impaired
immune function, vascular complications, and comorbidities
such as hypertension, obesity, and cardiovascular disease.
The prevalence of diabetes among people with COVID-19
and severity of COVID-19 in patients with diabetes varies,
depending on the location and age of the patients and sever-
ity of the pandemic. We summarized the prevalence, severity,
and mortality of diabetes among patients infected with
COVID-19 (Table 1). The overall proportion of diabetics
infected with COVID-19 was reported from 5.3% to 33.9% in
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[17] and figure from Coronaboard.kr.

China, Korea, Italy, and USA [4-47]. In China, the prevalence of
diabetes in patients with COVID-19 is similar to the nation-
wide prevalence of diabetes mellitus in China (approximately
10.9%) [7]. Therefore, patients with diabetes do not seem to be
more susceptible to COVID-19.

The severity and mortality of patients with diabetes was
higher than those of patients without diabetes infected
COVID-19 (Table 1). A previous early large observational study
found that the incidence of diabetes was higher in patients
with severe illness (16.3%) than in patients with non-severe
illness (6.9%) [28]. Other single-center observational studies
showed similar results, i.e., higher (13.8-22.2%) proportion of
diabetes in severe COVID-19 cases than in non-severe cases
(4.5-11%) [29-35]. Several early single-center retrospective
studies in Wuhan showed significantly higher prevalence
(15.6-31%) of type 2 diabetes among non-survivors than
among survivors (7.8-14%) [34-38]. The COVID-19 mortality
in the presence of diabetes rose up to 7.3% (80/1102), which
is significantly higher than the COVID-19 mortality without
any comorbidities (0.9%, 133/15,536) and an overall fatality
rate of 2.3% in the largest epidemiological investigation from
the Chinese Center for Disease Control (CDC) [39]. This result
was very similar to those of Guo et al. (10.8% vs. 3.6%) [40] and

Yan et al. (81.3% vs. 47.6%)[41]. Recently, a large dataset of
Chinese patients with COVID-19 showed that diabetes status
increased the mortality risk of COVID-19 (7.8% vs. 2.7%) [42].

In South Korea, as of March 12, 2020, a total of 7755
laboratory-confirmed cases of COVID-19 and 66 deaths were
recorded. Case fatality proportion was the highest among
people aged >80 years. Of 63 cases, 96.8% were reported to
have comorbidities: 47.6%, hypertension, 36.5%, diabetes,
16%, neurodegenerative disorders, and 17.5%, pulmonary dis-
eases. [43-45]. A single-center study conducted in Korea
reported that 28-day mortality was significantly higher in
patients with diabetes than in those without diabetes (17.2%
vs. 1.2%). Patients with diabetes showed a higher severity
score and inflammation marker levels [46].

In USA, as of March 28, 2020, among a total of 122,653
laboratory-confirmed COVID-19 cases, diabetes mellitus
(784, 10.9%) was the most frequently reported condition
among 7162 cases whose data on underlying health condi-
tions were available. The percentage of diabetics among cases
that resulted in an ICU admission was higher (32%) than that
among non-hospitalized cases (6%) or among cases of non-
ICU admissions(24%) [47]. Several meta-analyses also found
that the incidence of diabetes was two-fold higher in those



Table 1 - Prevalence of diabetes according to severity among COVID-19 infected patients.

Author Date Area DM Prevalence DM Prevalence DM Prevalence Mortality
DM/total COVID-19 patients Non-severe cases Severe cases Survivors Non-survivors nonDM DM
Chen N [24] 2020.1.1-2020.1.20 Wuhan, China 12/99
(12%)
Liu K [25] 2019.12.30-2020.1.24 Wuhan, 14/137
China (10.2%)
Song F [26] 2020.1.20-2020.1.27 Shanghai, China 3/51
(6%)
Yang W [27] 2020.1.17-2020.2-10 Wenzhou, China 9/149
(6%)
Chen Q [28] 2020.1.1.-2020.3.11 Zhejiang 14/145 7/102 7/43
China (9.7%) (6.9%) (16.3%)
Huang C [29] 2019.12.16-2020.1.2 Wuhan, 8/41 No ICU ICU
China (20%) 7/28 1/13
(25%) (8%)
Liu W [30] (2020.1.15) Wuhan 5/78 3/67 2/11
China (6.4%) (4.5%) (18.2%)
Wang D [31] 2020.1.1-2020.1.28 Wuhan 14/138 6/102 8/36
China (10.1%) (5.9%) (22.2%)
Xu X [32] 2020.1.10-2020.1.26 Hangzhou,China 1/62 0/29 1/33
(2%) (0%) (3%)
Zhang JJ [33] 2020.1.16~ Wuhan, china 17/140 9/82 8/58 (13.8%)
2020.2.3 (12.1%) (11%)
Guan WJ [34] 2020.1.29 31 provinces, China 81/1099 (7.4%) 53/926 (5.7%) 28/173 (16.2%) 63/1032 (6.1%) 18/67 (26.9%)
Wu C [35] 2019.12.25-2020.1.26 Wuhan 22/201 6/117 (5.1%) 16/84 (19%) 5/40 (12.5%) 11/44 (25%)
China (10.9%)
Deng Y [36] 2020.1.1-2020.1.21 Wuhan, China 26/225 9/116 (7.8%) 17/109 (15.6%)
(11.5%)
Yang X [37] 2019.12-2020.1.26 Wuhan, china 9/52 2/20 (10%) 7/32 (22%)
(17%)
Zhou F [38] 2019.12.29-2020.1.31 Wuhan, china 36/191 (19%) 19/137 17/54 (31%)
(14%)
Wu Z [39] CDC china 1102/44672 133/15536 80/1102
(5.3%) (0.9%) (7.3%)
Guo W [40] 2020.02.10.-2020.02.29 Wuhan, China 37/174 (21.2%) 5/137 (3.6%) 4/37
(10.8%)
Yan Y [41] 2020.1.10-2020.2.24 Wuhan, China 48/193 69/145 39/48 (81.3%)
(24.9%) (47.6%)
Zhu L [42] 2019.12.30-2020.03.20 Hubei, 952/7337 (13.0%) 172/6385 74/952
China (2.7%) (7.8%)
KNCCMC [43] 2020.1.19-2020.2.17 Korea 2/28
(7.1%)
KSI& Korea CDC [44] 2020.03.10 Korea 16/54
(29.6%)
Korea CDC [45] 2020.03.12 Korea 23/66
(36.5%)
Korea 2020. Korea 29/110 1/81 (1.2%) 5/29
[46] (26.4%) (17.2%)
Gentile S [5] 2020.03.27 Italia 86,433
(33.9%)
Richardson [6] 2020.3.1-2020.4.4 New York USA 1808/5700
(33.8%)
USA CDC [45-47] 2020.2.12-2020.3.28 USA 784/7162 (10.9%) Not hospital ICU
331/5143 (6%) 148/457
Non-ICU (32%)

251/1037 (24%)

CDC, Centers for Disease Control and Prevention; KNCCMC, Korea National Committee for Clinical Management of COVID-19.
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who developed severe disease than in patients who experi-
enced non-severe disease [7,48-51] (Supplementary table 1).
These results suggest an association between diabetes and
poor prognosis and increased mortality. Therefore, intensive
attention should be paid to patients with diabetes.

The reason for the high morbidity and mortality in patients
with diabetes should be investigated. Hyperglycemia, low
immune function, vascular complications, and comorbidities
are contributing factors to fatal outcomes in patients with dia-
betes. However, few studies have analyzed the effect of hyper-
glycemia on prognosis. A retrospective single-center study
conducted in Korea reported that age was an independent risk
factor for severe outcomes among patients with diabetes.
Baseline HbAlc and anti-diabetic medication did not affect
COVID-19 outcomes [46]. Because baseline HbAlc does not
take into account fluctuations in blood glucose levels, glyce-
mic variability is important for evaluating overall glycemic
control. Zhu L et al. analyzed the effect of glycemic variability
over a 28-day period from hospital admission on the severity
and mortality of COVID-19 in a cohort with COVID-19 and type
2 diabetes [42]. Patients with a well-controlled glycemic state
(glycemic variability within 3.9-10 mmol/L) had less severity
and lower mortality than patients with poorly controlled
hyperglycemia (glycemic variability more than 10 mmol/L)
after adjusting for age, gender, COVID-19 severity, comorbidi-
ties, and side effect. This study suggested that a well-
controlled glycemic status was associated with better out-
comes in patients with COVID-19 and diabetes. Owing to the
retrospective nature of the study, it was not possible to deter-
mine whether intensive management of hyperglycemia ame-
liorates COVID-19 severity or whether a less severe COVID-19
state leads to good glycemic variability. Therefore, further
analysis of the influence of clinical parameters such as dura-
tion of diabetes, degree of hyperglycemia, medication, coexist-
ing diabetic complications, or comorbidities on the outcomes
of COVID-19 in an ethnically and geographically diverse popu-
lation, as part of a prospective large cohort study is needed.

4. Pathogenesis

4.1.  Characteristics of SARS-CoV-2

Coronaviruses (CoVs) are enveloped RNA viruses able to infect
mammals including birds and humans. CoVs are divided into
four genera: a—/B—/y—/3-CoV. Only o- and B-CoV are able to
infect mammals. Humans are susceptible to six CoVs, among
which HCoV-229E, HCoV-NL63, HCoV-HKU1, and HCoV-0OC43
with low pathogenicity, cause mild respiratory symptoms in
immunocompetent hosts [52]. The other two SARS-CoV [53],
which caused a major outbreak in 2002-2003 [54] and Middle
East Respiratory Syndrome Coronavirus (MERS-CoV) lead to
fatal outbreak in 2012 [S5], 2015 [56], and 2017 [57]. The latest
isolated SARS-CoV-2 is the seventh corona virus that causes
severe and fatal disease in humans (Table 2).

The SARS-CoV-2 is a novel B-coronavirus, which is an
enveloped, non-segmented positive-sense, single-strand RNA
virus identified by complete genome sequences of samples
from the bronchoalveolar lavage fluid of patients [1]. The
SARS-CoV-2 shares 79% sequence identity with SARS-CoV

[58], and 50% similarity with MERS-CoV [59]. It is a spherical
particle of 100-160 nm in diameter, which contains a 27-32-
kb ssRNA genome. The 5 two-thirds of the genome encodes
a polyprotein, pplab, which is further cleaved into 16 non-
structural proteins that are involved in genome transcription
and replication. The 3’ terminus encodes structural proteins,
including envelope glycoproteins spike (S), envelope (E), mem-
brane (M), and nucleocapsid (N) [59]. The genome is packaged
inside a capsid formed by nucleocapsid protein (N). Membrane
protein (M) and envelope protein (E) are both involved in virion
assembly, and spike protein (S) mediates entry into host cells
[60]. The S protein is characterized by a receptor-binding
domain (RBD) S1 subunit that facilitates binding to the host
angiotensin-converting enzyme 2 (ACE2) receptor for both
SARS-CoVand SARS-CoV-2 and an S2 subunit that is responsi-
ble for membrane fusion [3]. The RBD of MERS-CoV attaches to
the host cells via dipeptidyl peptidase 4 (DPP4) rather than
ACE2 [61]. A recent study demonstrated that the RBD unique
to SARS-CoV-2 enhanced ACE2 receptor-binding affinity as
compared to SARS-CoV [62]. After binding of ACE2, host cell
factors further mediate viral entry through two serine pro-
teases, transmembrane protease serine 2 (TMPRSS2) and furin,
which cleave the S protein for membrane fusion and assist in
viral processing, respectively [56-60]. Upon membrane fusion,
the viral RNA is translated, replicated, and amplified. Upon
amplification of the viral RNA, viral structural and nonstruc-
tural proteins are generated, which interact with viral RNA
on the membrane of the ER and Golgi apparatus and finally
result in viral budding and exocytosis [63].

4.2.  Angiotensin-converting enzyme 2 (ACE2) protein

The reason why the ACE2 molecule is the subject of much
attention is because it is the receptor for SARS-CoV-2 viral
entry as well as an important element in the cardiovascular
system, use of ACEI or ARB medication for cardiovascular dis-
ease, and severe clinical course of patients with cardiovascu-
lar comorbidity and SARS-CoV-2 infection.

ACE2 is a single-pass transmembrane protein with pro-
tease activity and is found in the type II pneumocytes of the
lower respiratory tract, myocardium, endothelium, gastroin-
testinal tract, pancreatic islets, bone marrow, kidney, and
spleen [64]. This broad expression of ACE2 may explain the
multi-organ injury observed with COVID-19.

The role of ACE2 in the cardiovascular system is that ACE2
converts angiotensin I (Ang I) into angiotensin 1-9 (Ang 1-9)
and also converts angiotensin II (Ang II) into angiotensin
(Ang 1-7), which acts on the Mas receptor to modestly lower
blood pressure through vasodilation and by promoting
sodium and water excretion through the kidney and to atten-
uate inflammation through the production of nitric oxide [65].
ACE2 is a counter-regulatory enzyme to ACE1. ACE1 converts
Ang I into Ang II, which acts at the angiotensin II type-1
receptor (AT1R) to increase blood pressure by inducing vaso-
constriction, increasing reabsorption of sodium and water in
the kidney, and increasing oxidative stress to promote inflam-
mation and fibrosis [66] (Fig. 3). Thus, the balance between
ACE-Ang II and ACE2-Ang-(1-7) determines whether acute
lung injury will be aggravated or alleviated.
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Table 2 - Biological characteristics of seven species of human-susceptible coronaviruses.

Name Genus Natural Host Intermediate host receptor Patho genecity = Outbreak

HCoV-229E alpha  bats camelids APN Low -

HCoV-NL63 alpha bats ? ACE2 Low -

HCoV-OC43  beta rodents COWS 9-O-acetylated sialic acid Low -

HCoV-HKU1 beta rodents ? 9-O-acetylated sialic acid Low -

MERS-CoV beta bats camels DPP4 or CD26 Severe, 2012, 2015, 2017
Mortality 35%

SARS-CoV beta bats civets ACE2 Severe 2002-2003
Mortality 9.6%

SARS-CoV-2  beta bats ? ACE2 Severe 2019~

Mortality 3.4~%

APN: Aminopeptidase N; ACE2: angiotensin-converting enzyme 2; MERS-CoV: Middle East respiratory syndrome-coronavirus; SARS-CoV:
Severe acute respiratory syndrome-coronavirus; DDP-4: dipeptidyl peptidase-4.
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Fig 3 - The role of angiotensin-converting enzyme 2(ACE2) on the cardiovascular system and entry of SARS-CoV-2. ACE2
converts Ang I to Ang-(1-9) and Ang II (angiotensin II) to Ang-(1-7), which acts on the Mas receptor (MasR) to lower blood
pressure through vasodilation but also to attenuate inflammation and fibrosis. ACE1 converts Ang I into Ang II, which acts at
the angiotensin II type 1 receptor (AT1R) to increase blood pressure by inducing vasoconstriction, increasing kidney
reabsorption of sodium and water, and increasing oxidative stress to promote inflammation and fibrosis. ACE2 also binds to
and internalizes SARS-CoV-2 after priming by the serine protease TMPRSS2 (transmembrane protease, serine-2). Shedding of
membrane-bound ACE2 by a disintegrin and metalloprotease 17 (ADAM17) results in the occurrence of soluble ACE2, which
can no longer mediate SARS-Cov-2 entry and might even prevent such entry by keeping the virus in solution. AT1R (Ang II
type 1 receptor) upregulates ADAM17, and AT1R blockers (ARBs) would prevent this. However, diminishing production of Ang
II with an ACE inhibitor or blocking Ang II-AT1R actions with an ARB can enhance the ACE2-Ang-(1-7)-MasR pathway, which
attenuates inflammation, fibrosis, and lung injury. Anti-diabetic medication increased the expression of ACE2 in animal
study. However, anti-diabetic medications that enhance immune modulation and effectively control hyperglycemia may have
a beneficial effect on the outcomes of patients with COVID-19.

There are controversies regarding whether renin- the heart and kidney, and ARB could increase ACE2 abun-

angiotensin system (RAS) inhibition is harmful or protective
in COVID-19 [67]. Even though ACE inhibitors and
angiotensin-receptor blockers (ARB) do not directly inhibit
ACE2 [68], ACE inhibitors affect the expression of ACE2 in

dance and enhance viral entry. However, there are no data
to support the notion that ACE inhibitors or AT1R blockers
facilitate coronavirus entry by increasing ACE2 expression.
Regarding the protective view, diminishing production of
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Ang II with an ACE inhibitor or blocking Ang II-AT1R actions
with an ARB enhances the generation of Ang-(1-7) by ACE2
and activation of the Mas receptor (MasR), which attenuates
inflammation, fibrosis, and lung injury. Interestingly, the
administration of losartan, an AT1R blocker alleviated the
exacerbating effects of SARS-CoV spike protein in an animal
model of acute respiratory distress syndrome (ARDS) [69].
Losartan also ameliorated influenza virus-induced acute lung
injury in mice [70]. Fortunately, a retrospective single-center
study conducted in Korea showed that ARB or ACEI medica-
tion was associated with a protective effect against cardiac
injury, and it was an independent factor of favorable out-
comes in patients with COVID-19 [46]. Angiotensin inhibitors
improve blood pressure and might help restore pulmonary
function through the MAS receptor pathway.

Soluble ACE2 is released into the blood through cleavage
by the membrane-bound protease, A disintegrin and metallo-
protease 17 (ADAM17) [71]. The effects of soluble ACE2 are
unclear in humans. However, it appears to have favorable
effects on lung function. Soluble ACE2 has been studied in a
phase II trial of ARDS. In addition, AT1R upregulates ADAM17,
thus increasing soluble ACE2 levels. In fact, soluble ACE2
increased in the cerebrospinal fluid level of hypertensive
patients [72]. However, the majority of ACE2 is membrane-
bound, even a doubling is unlikely to significantly influence
the amount of membrane-bound ACE2. The severity of
COVID-19 among patients taking ACEi or ARB is confounded
by cardiovascular comorbidities, which may alter ACE2 and
angiotensin II expression [73]. At this time, it is not clear
whether ACEi or ARB medication influences ACE2 expression
and severity of COVID-19. Therefore, it is strongly recommend
that patients who are taking ACE inhibitors or ARBs for high
blood pressure, heart failure, or other medical indications
should not withdraw their current treatment regimens unless
they are specifically advised to do so by their physician or
healthcare provider [74].

4.3.  Pathophysiology

The clinical course of COVID-19 is theoretically divided into
three stages [75]. Stage I involves early viral infection with
constitutional symptoms. Stage Il involves ARDS and hypoxia,
which result from direct viral cytotoxicity of the pulmonary
system due to inflammatory activation. If the host cannot
remove the virus via a protective immune response, COVID-
19 progresses to stage III which is a severe status with multi-
organ dysfunction and cytokine storm with immune dysregu-
lation (Fig. 4). Accumulating evidence suggests that a sub-
group of patients with severe COVID-19 might have a
cytokine storm syndrome and strong inflammatory response
could be linked with uncontrolled pulmonary inflammation
and consequent COVID-19 lethality [76]. ICU patients in the
severe stage of COVID-19 had high plasma levels of interleukin
(IL)-2, IL-7, granulocyte colony-stimulating factor, interferon-y
inducible protein 10, monocyte chemoattractant protein 1,
macrophage inflammatory protein 1-o, and tumor necrosis
factor-o than non-ICU patients, suggesting the presence of a
hyper-inflammatory condition also known as a cytokine storm
[77]. In particular, diabetes was identified as a risk factor for
poor prognosis of COVID-19 based on the higher level of

inflammation-related biomarkers such as IL-6, C-reactive pro-
tein, serum ferritin, coagulation index, and D-dimer [40,42,46].
Thus, the identification and treatment of hyperinflammation
is recommended in order to reduce mortality.

4.4.  Mode of transmission

SARS-CoV2 spreads primarily through small respiratory dro-
plets that are expelled from infected individuals and can reach
approximately 1-2 m. The virus can exist in nature on surfaces
and can last for up to 4 h on copper, 24 h on cardboard, and up
to 72 h on plastic and stainless steel surfaces leading to fomite
transmission [78]. In fact, the Japanese National Institute of
Infectious Disease detected SARS-CoV2 RNA on surfaces in
cabins of symptomatic and asymptomatic passengers on the
Diamond Princess Cruise ships up to 17 days after they were
vacated and before disinfection procedure [79]. Live virus has
also been isolated and cultured from fecal specimens raising
the possibility of oro-fecal transmission, but corroborating
clinical evidence of this transmission is lacking [80]. There-
fore, it is recommended that precautions to reduce airborne
transmission, with the use of N-95 masks, should be imple-
mented in these aerosol-producing settings [81].

Human-to-human transmission is now well established for
COVID-19 with an R, (the expected number of secondary cases
produced by a single [typical] infection in a completely suscep-
tible population) of 1.4-2.5, as estimated by the WHO [82]. For
comparison, seasonal flu has a median R, of 1.28 (IQR 1.19-
1.37) [83], while measles has an Ry of 12-18 [84]. However,
the COVID-19 R, was calculated from incomplete data and
may change as further information becomes available.

5. Clinical manifestations

The clinical spectrum of SARS-CoV-2 infection appears to be
wide, encompassing asymptomatic infection, mild upper res-
piratory tract illness, and severe viral pneumonia with respi-
ratory failure and even death.

The prevalence of asymptomatic patients from exposure
to admission was as much as one-fifth among participants
from a community facility designated for isolation of patients
without moderate-to-severe symptoms in South Korea [85].
Most cases are reported to experience a mild course [24].
The most common symptoms of mild COVID-19 patients
were cough, hyposmia, and sputum, and not fever. However,
the most common symptoms of hospitalized patients were
fever, cough, fatigue, dyspnea or chest tightness, sore throat,
and headache [4,9]. In addition, some patients manifested
gastrointestinal symptoms, with diarrhea and vomiting. The
average length of hospital stay was 12.7 days (range: 8-
19 days) [9]. Based on the current information, the elderly
and those with chronic underlying diseases were in critical
condition and their hospital stay was long.

Chest computed tomography showed ground-glass opaci-
ties and patchy bilateral shadowing [4,9]. However, clinicians
should be aware that some patients with COVID-19 also had
normal computed tomography findings.

Complications of COVID-19 are ARDS, arrhythmia, shock,
acute kidney injury, acute cardiac injury, liver dysfunction,
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Fig 4 - High-risk factors for fatal outcomes from COVID-19 and severe clinical course. The elderly, those with comorbidities
including hypertension, diabetes, cardiovascular disease, chronic obstructive pulmonary disease (COPD), asthma, severe
obesity, chronic kidney disease treated with dialysis, and liver disease, and people in nursing homes or long-term care
facilities were at a high risk of a fatal outcome from COVID-19. Clinical course of COVID-19 is divided into three stages. Stage I
is early viral infection with constitutional symptoms. Stage II is acute respiratory distress syndrome (ARDS) and hypoxia.
Stage III is severe status with multi-organ dysfunction and cytokine storm with immune dysregulating.

secondary infection, and multiple organ dysfunction. The dis-
ease can quickly progress to a severe condition in the elderly
or people with comorbidities such as diabetes, hypertension,
cardiovascular disease, cerebrovascular disease, chronic
obstructive pulmonary disease, asthma, immunocompro-
mised state, chronic kidney disease, chronic liver disease,
and severe obesity (Fig. 4).

6. Diagnosis

Samples from nasal and throat swab or other respiratory tract
are used to test for the virus. Real-time reverse transcription-
polymerase chain reaction (RT-PCR) is the most reliable clini-
cal diagnostic method for COVID-19 around the world [86]. If
the test result is positive, the diagnosis of SARSCoV-2 is con-
firmed. The WHO currently recommends that negative results
in the presence of clinical symptoms or exposure to infected
patients must be treated with suspicion; the test can be
repeated using additional samples from the lower respiratory
tract [87]. Also, it would be interesting to examine the cases of
positive converters after initial successful negative conversion
in some Asian countries [88]. This may be caused by incom-
plete viral clearance, inappropriate immune response devel-
opment, incorrect sampling, false-negative and/or false-

positive RT-PCR results, or re-infection. Therefore, it needs to
be clarified whether they were cases of infective status, reac-
tivation, re-infection, or just a marker of past infection.

7. Conservative management of GOVID-19
patients with diabetes

At present, there is no specific vaccine or efficient antiviral
therapy against COVID-19. Therefore, current treatments
mainly consist of conservative management including symp-
tomatic respiratory support. Nearly all patients accepted oxy-
gen therapy, and the WHO recommends extracorporeal
membrane oxygenation (ECMO) to patients with refractory
hypoxemia [89]. Because the elderly and those with underly-
ing disorders (i.e., hypertension, diabetes, chronic obstructive
pulmonary disease, cardiovascular disease) progressed
rapidly into ARDS, identification of high-risk factors and
management of comorbidity are very important.

7.1.  Optimal glucose control for the COVID-19 patients
with diabetes

Infection with SARS-CoV-2 might trigger stress conditions
and increased secretion of hyperglycemic hormones, such
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as glucocorticoid and catecholamines, which result in ele-
vated blood glucose, abnormal glucose variability, and dia-
betic complications. Recently, acute hyperglycemic crisis
such as diabetic ketoacidosis (DKA) or hyperosmolar hyper-
glycemic state (HHS) were reported in patients with diabetes
[90,91]. As ACE? is expressed in the human endocrine pan-
creas, SARS-CoV-2 might enter the islets cells and cause acute
beta-cell dysfunction [64]. Acute hyperglycemic crises can be
precipitated by COVID-19 and result in catastrophic outcomes
in patients with diabetes and poor glycemic control. There-
fore, timely adequate strategies for glucose control should
be emphasized in patients with diabetes during the COVID-
19 pandemic. Active cooperation of diabetologists and proto-
cols for glucose control are needed. Even after discharge, ade-
quate blood glucose level should be maintained continuously
and patients need to be cautious of infectious diseases due to
their low immune response. Long-term follow-up is very
important for patients with diabetes to reduce diabetes-
related complications and mortality.

7.2.  Anti-diabetic medication for COVID-19 patients with
diabetes

Many antidiabetic drugs have been studied to evaluate the
ACE2 activity or expression in kidney, cardiac, vascular, and
pulmonary tissues. The increase in ACE2 activity due to these
medications has been proposed as a plausible mechanism of
the protective effect on tissue injury. However, ACE2 is a
receptor for SARS-CoV-2. Taken together, these findings may
raise the question on a role for anti-diabetic medication in
COVID-19 immunopathogenesis. Pal and Bhadada [92]
reviewed the potential effect of anti-diabetic drugs in novel
COVID-19. Metformin [93], pioglitazone [94], liraglutide [95],
sodium-glucose cotransporter-2 inhibitor (SGLT2) inhibitor
[96], and insulin [97] increased ACE2 expression in animal
study. However, metformin showed immune-modulating
activity [98]. Pioglitazone reduced the lung fibrotic reaction
to silica in rats, which is normally characterized by overpro-
duction of TNFa [99]. DPP4 inhibitor demonstrated a possible
protective role of soluble DPP4 in MERS. Since there is a lack
of evidence of SARS-CoV2 binding to DPP4, DPP4 inhibitor
does not represent a plausible approach to mitigate COVID-
19. DPP4 inhibitors and GLP-1R agonists may exert anti-
inflammatory actions in human subjects and have been suc-
cessfully used to control glucose in hospitalized patients
[100]. Dapagliflozin, an SGLT2 inhibitor, has been reported to
reduce lactate levels by various mechanisms such as activa-
tion of lactate/HAA symporter and direct inhibition of
natrium/hydrogen exchanger (NHE) [101]. It was suggested
that dapagliflozin can prevent the severe course of COVID-
19 infection by lowering cytosolic pH and reducing the viral
load. Although anti-diabetic medication has been found to
have an effect on immune-modulation, there was no strong
evidence on the effect of anti-diabetic medication on the out-
come of COVID-19 patients. Good glycemic control is impor-
tant to improve the outcomes of patients with COVID-19.
Therefore, anti-diabetic medications that effectively control
the blood glucose and have immune-modulating properties
may have a beneficial effect on COVID-19 patients’ outcome.

However, adverse reactions and contraindications of anti-
diabetic medications should be considered when hyper-
glycemia is treated in critically ill patients with diabetes. Met-
formin is contraindicated in people with concomitant sepsis
or severe impairment of hepatic and renal function. SGLT2
inhibitors should be discontinued in unstable patients with
severe SARS-CoV-2 infection who are dehydrated and have a
risk of ketoacidosis. Exenatide-based GLP-1 receptor agonists
should be stopped in patients with impaired renal function.
TZD is contraindicated in people with severe heart failure.
Insulin is adequate for control glucose in severe ill patients,
but the risk of hypoglycemia should be monitored.

7.3.  Anti-hypertensive medication

Inappropriate discontinuation of an ARB or an ACE inhibitor
should be avoided according to the recommendation of Amer-
ican College of Cardiology [75] and The European Society of
Cardiology [102]. Calcium-channel blockers (CCBs) have no
effect on ACE2 expression. Since CCB has been shown to
reduce severity and mortality in patients with pneumonia,
its use has been proposed for patients with COVID19 and
hypertension [103].

8. Antiviral treatments

Because SARS-CoV-2 has rapidly spread globally, there are no
approved and evidence-based treatments for COVID-19. How-
ever, there are several potential treatments for COVID-19 that
are undergoing clinical trials. (1) Convalescent patients’
plasma and immunoglobulin G showed favorable outcome
in COVID-19 patients with ARDS[104] through inactivation of
virus particles. (2) Recombinant soluble ACE2 protein showed
anti-inflammatory effects that prevent pulmonary damage in
non-COVID-19-related ARDS in pilot human clinical trials
[105]. (3) (Hydroxy-)chloroquine, (potentially in combination
with azithromycin) accelerated viral clearance in small
French pilot study [106]. (4) Nucleoside analogues (remdesivir,
favipiravir, geldesivir, and ribavirin etc.) can limit virus repli-
cation. Remdesivir was originally developed for the treatment
of Ebola virus. Remdesivir successfully treated the first US
case of COVID-19 in January 2020 [107]. (5) Protease inhibitors
(lopinavir, ritonavir, etc.) have been used to treat infection
with human immunodeficiency virus (HIV) [108] and could
improve the outcomes of MERS-CoV [109] and SARS-CoV
[110] patients. SARS-CoV-2 viral loads of patients in South
Korea significantly decreased after lopinavir/ritonavir treat-
ment n [111]. (6) Type 1 interferons induce anti-viral cellular
programs through immune modulation [112].(7) The recombi-
nant IL-6 receptor antagonist tocilizumab has been used suc-
cessfully in patients with COVID-19 [113]. The recombinant
IL-1 receptor antagonist anakinra is being trialed in children
and adults with COVID-19 associated cytokine storm syn-
drome in China (NCT02780583) [114].(8) Inhibitors of janus
kinases (JAK) modulate cytokine receptor signaling, including
the IL-6 receptor as well as type 1 and type 2 IFN receptors
[115]. Clinical trials on severe COVID-19 are ongoing
(ChiCTR2000030170, ChiCTR2000029580) [116]. (9) Corticos-
teroids can control inflammation in ARDS. However, prelimi-
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nary data on COVID-19 showed that high-dose steroids did
not have beneficial effects on lung injury, but were associated
with complications. Thus, high-dose corticosteroids cannot
be generally recommended for the treatment of COVID-19
[117].

o. Management of glycemic control during the
pandemic period

Many countries including China, South Korea [118], Australia
[119], England [120], and the USA [121] have announced guide-
lines for managing diabetes in response to COVID-19. Many
countries now use telemedicine programs that allow clini-
cians to see patients at their home. Telemedicine has been
very helpful and useful the during the COVID-19 pandemic
[122]. With the aim of preventing person-to-person transmis-
sion, a variety of online services of glucose management have
been implemented widely for diabetic patients and the gen-
eral population during COVID-19 pandemic around the world.
The popularization of internet and smartphones and emerg-
ing fifth-generation networks have enabled endocrinologists
to provide remote medical consultation for patients who are
not advised to go to the hospital during the COVID-19 out-
break. Furthermore, free educational videos and e-books on
diabetes self-management and COVID-19 prevention have
been provided to the public via mobile applications [123].
Wearable health systems to monitor blood glucose, blood
pressure, physical activity, caloric intake, eating behavior,
sleep pattern, and adherence to medication will be helpful
for comprehensive management for patients with diabetes.

10. Conclusion

SARS-CoV-2 infection has rapidly spread across the world,
resulting in a socioeconomic crisis as well as health crisis.
Since diabetes is one of the high-risk factors of COVID-19 with
high morbidity and mortality, diabetics require attention and
timely adequate care. We reviewed the current status of the
COVID-19, impact of diabetes on COVID-19, virology, and
management of patients with diabetes during this critical per-
iod. Sharing our experience, expanding our knowledge about
COVID-19, developing drugs for SARS-CoV-2, and innovative
technology to monitor and care for the patients are needed
to defeat the COVID-19 pandemic.
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