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Mechanism of higher risk for COVID-19 in diabetes: a mask to lift
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Abstract
Purpose This essay aims to propose suggestions on what we can learn from previous investigations to conduct further
studies on the potential mechanisms underlying the effect of diabetes mellitus on COVID-19.
Methods We reviewed some literature on diabetes and other types of coronavirus infection such as Middle East respiratory
syndrome (MERS) and severe acute respiratory syndrome (SARS) and made some summaries and comparisons.
Results Diabetes affect the occurrence and progression of COVID-19.
Conclusions In-depth and comprehensive exploration of the mechanism of diabetes affecting COVID-19 should be
carried out.
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In recent months, an outbreak of Coronavirus disease 2019
(COVID-19) infected by a new coronavirus, severe acute
respiratory syndrome (SARS-CoV-2), has been confirmed
and spread in more than 200 countries, areas or territories
around the world [1, 2]. COVID-19 has inflicted more than

four million people worldwide with a mortality rate of 6.8%
according to the situation report of WHO on May 16, 2020
[3]. In addition to effectively preventing and controlling the
disease and ending the pandemic as soon as possible, it is
very important to optimize the treatment strategy and
improve the prognosis of patients.

Diabetes is a chronic noncommunicable disease, more
than 460 million people have it around the world. There-
fore, a significant number of COVID-19 patients have
diabetes. It is also one of the important risk factors of the
progression and poor prognosis of COVID-19 [4].
According to three different retrospective studies, among
the patients with COVID-19, 17–19% of them have dia-
betes [5–7]. COVID-19 patients with diabetes have a crude
mortality rate of about 7.3%, much higher than that of
COVID-19 patients without diabetes (0.9%) [8]. The per-
centage of diabetic patients in intensive care unit (ICU) is
about 22.2%; also higher than those without diabetes (5.9%)
[9]. Four studies reported that 21–35% patients had diabetes
among the severe cases of death [5–7, 10]. Qiao et al. find
that the average glycosylated hemoglobin of the non-
survivors was 9.9%, and the average random blood glucose
of the nonsurvivors is 13.5 mmol/l, which is significantly
higher than that of the survivors [7].

Given the situation, basic and clinical researches on
COVID-19 combined with diabetes should be carried out to
find intervention strategies for patients, and reduce the
mortality.
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Recent studies suggest angiotensin-converting enzyme 2
(ACE2), the surface receptor for SARS coronavirus (SARS-
CoV), may take part in the mechanism [11]. ACE2 is also
expressed in pancreas, SARS-CoV can inutilize ACE2 to
bind and damage islets [12]. Scientists have also recently
suggested that there is a bidirectional relationship between
Covid-19 and diabetes. Although there are data suggesting
that SARS-CoV may be a factor leading to new-onset dia-
betes, there is no direct evidence that SARS-CoV infection
will induce diabetes. Executing animal trails to explore the
pathogenesis will be important. However, endocrinologist
Paul Stewart pointed out in his review that the adverse
effects of diabetes on COVID-19 may not be directly due to
diabetes, but may be due to other risk factors such as age
[13]. So far, to the best of our knowledge, the mechanism of
the adverse effects of diabetes on COVID-19 disease
remains unclear. It leaves us a very important and valuable
area of research. The impact of diabetes on other infectious
diseases caused by coronavirus has been studied, such as
Middle East respiratory syndrome (MERS) [14] and severe
acute respiratory syndrome (SARS) [15]. Previous studies
on diabetes and other coronavirus infections may shed light
on the research regarding COVID-19 disease.

MERS is a viral respiratory disease caused by MERS-
CoV [16]. It has been reported that 88% (n= 15) of the 17
patients with diabetes and MERS required ICU treatment or
death, which is much higher than that of MERS patients
without diabetes (39%) [17]. Several other studies have
reported that MERS patients with diabetes have a critical or
fatal MERS risk ratio of 2.47–7.2 [18, 19]. According to
epidemiological data, although the mortality rate of MERS
is much higher than that of COVID-19, it still has many
clinical features similar to COVID-19. Therefore, the
research on the mechanism of the occurrence and devel-
opment of MERS can be used for reference of COVID-19.

Through MERS susceptible animal models, a systematic
study on the mechanism of diabetes on MERS was con-
ducted [20]. Its research strategy is worth learning and can
give some enlightenment. Compared with the diabetic
group, the high-fat feeding group has metabolic abnormal-
ities such as obesity and insulin resistance but had little
effect on the severity of MERS suggesting that poor blood
glucose control may be the source of a series of immune
disorders and disease deterioration after MERS-CoV
infection. The immune imbalance is an essential mechan-
ism by which diabetes exacerbates the condition of MERS.
Following infection with MERS-CoV, diabetes affects the
number and type ratio of immune cells, chemokines, and
cytokines in the lungs, resulting in delayed immune
response and slow repair of inflammatory damage, thus
making lung damage persist for a long time. It will also be
an important part of the mechanism study of the effect of
diabetes on COVID-19 that fully revealing the specific

manifestations and occurrence processes of immune
imbalances. SARS caused by a novel coronavirus also
posed a severe threat to international health in November
2002. In a retrospective analysis [21], the presence of dia-
betes mellitus increased the mortality risk. Diabetes and
hyperglycemia were independent predictors for death and
morbidity in SARS patients after controlling for age and
gender. In addition to the lungs, ACE2 is also expressed in
the kidney, heart, gastrointestinal tract, brain, and pancreas.
SARS-CoV may damage islets and cause acute insulin
dependent diabetes mellitus through ACE2 [12]. Chan et al.
[21] found immunostaining for ACE2 protein was strong in
the pancreatic islets but very weak in the exocrine tissues. In
the MERS study, due to the wide expression of ACE2
multiple organsdamage are common and are closely related
to poor prognosis [20]. The host cell binding receptor of
COVID-19 is ACE2 [22]. Multiple organsdamage are
common in COVID-19 and are closely related to poor
prognosis, so the study on the expression level and activity
of SARS-CoV-2 in extrapulmonary tissues in diabetic and
nondiabetic patients cannot be ignored. It should be studied
whether SARS-CoV-2 can also aggravate diabetes through
this approach, and then superimpose the COVID-19 disease
that adverse affects diabetic patients.

Although clinical cases can also be used to understand
the effects of diabetes on immune imbalance and extra-
pulmonary injury in COVID-19 patients, a detailed and in-
depth mechanism cannot be discussed without a suitable
animal model. The establishment of a mouse model is
essential to explore the specific mechanism of diabetes
affecting COVID-19.

Since COVID-19, SARS, and MERS have similar etio-
logical categories and clinical characteristics, they are, after
all, different kinds of viruses. The host cells bind to dif-
ferent receptors, and the mortalities varies greatly. There-
fore, in addition to the enlightenment provided by the
MERS study, other possible mechanism research pointcut
must also be considered.

For example, (1) Previous studies have found that dia-
betes can significantly reduce the body’s ability to control
the replication of Mycobacterium tuberculosis and Pseu-
domonas [23]. Therefore, it can be explored whether dif-
ferent hyperglycemia states affect the 2019-CoV replication
state in the body. (2) Dendritic cells (DC) are an important
factor linking innate immunity and obtaining immunity. It
has been reported that diabetes can promote the develop-
ment of tuberculosis by significantly reducing the number
and role of DC subgroups [24]; therefore, DC can also be
used as one of the research targets of diabetes combined
with COVID-19.

Many diabetic patients also use a variety of other ther-
apeutic drugs, and the impact of these commonly used
drugs on COVID-19 is also worth studying. For example,
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angiotensinase inhibitor (ACEI) and angiotensin II receptor
antagonist (ARB) drugs are the recommended drugs for
people with diabetes and hypertension or kidney disease.
Their influence on the expression and activity of ACE2 in
lung tissue is still inconclusive. A meta-analysis on the
relationship between ACEI/ARB and risk of pneumonia
suggests that ACEI may reduce the risk of pneumonia in
individuals (especially Asians) and is related to the reduced
pneumonia-related mortality [25]. Another example: In
recent years, in vivo and in vitro studies have suggested that
metformin and statins may have immunomodulatory and
anti-inflammatory effects [26–28]; after insulin intervention
in diabetic mice, the expression of ACE2 protein in the lung
tissue can be significantly reduced; while no significant
change inactivity [29]. Besides, Faraaz found that GLP-1,
which is one of the novel anti-diabetic drugs, could promote
the maintenance of euglycemia and modulate the host
inflammatory response in the care of critically ill patients
with sepsis [30]. It is necessary to explore the effects and
mechanisms of these drugs on COVID-19 disease in dia-
betic and nondiabetic patients.

In summary, clinical epidemiology has found that dia-
betes affect the occurrence and progression of COVID-19.
An in-depth and comprehensive exploration of the
mechanism of diabetes affecting COVID-19 should be
carried out. It will contribute to better understanding of
COVID-19, guide the clinical management of patients with
diabetes and COVID-19, and reduce the severe rate and
mortality caused by COVID-19. We call on endocrinolo-
gists and epidemiologists to invest more in the specific
mechanisms underlying COVID-19 in diabetes mellitus and
to draw more useful lessons from basic research on other
types of coronavirus. At the same time, health professionals
themselves run a risk of COVID-19 virus infection. Safety
training, adequate personal protective equipment, regular
physical examination and biochemical test, as well as the
establishment of an emergency plan and the provision of
psychological support for health care workers are of vital
importance. Their safety is conducive to the stability of
medical teams and the quality of medical services.
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