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a  b  s  t  r  a  c  t

This  review  comprehensively  summarizes  epidemiologic  evidence  of  COVID-19  in  patients  with  Type 2
diabetes,  explores  pathophysiological  mechanisms,  and  integrates  recommendations  and  guidelines  for
patient management.  We  found  that  diabetes  was  a risk  factor  for diagnosed  infection  and  poor  prognosis
of  COVID-19.  Patients  with  diabetes  may  be more  susceptible  to  adverse  outcomes  associated  with  SARS-
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CoV-2 infection  due  to impaired  immune  function  and possible  upregulation  of  enzymes  that  mediate
viral  invasion.  The  chronic  inflammation  caused  by  diabetes,  coupled  with  the  acute  inflammatory  reac-
tion  caused  by  SARS-CoV-2,  results  in a propensity  for inflammatory  storm.  Patients  with  diabetes  should
be  aware  of their  increased  risk  for COVID-19.
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Twenty-three out of 82 included studies provided basic epi-
1. Introduction

Diabetes mellitus, defined as a group of diseases characterized
by signs and symptoms of chronic hyperglycemia, is one of the most
significant public health challenges worldwide [1]. According to
the International Diabetes Federation, there were approximately
463 million adults suffering from diabetes in 2019 [119], and this
number is expected to rise to 592 million by 2035 [3]. The dis-
ease burden of diabetes has now been raised by the prevalence of
coronavirus disease 2019 (COVID-19), caused by Severe Acute Res-
piratory Syndrome Coronavirus 2 (SARS-CoV-2), which has been
continuously increasing to over 169 million confirmed patients and
over 3.5 million deaths globally as of 31 May  2021 [119,118]. Early
studies have shown that diabetes is a risk factor for the infection
and poor prognosis of COVID-19 [5–9]. With the high prevalence
of diabetes worldwide, it is important to comprehensively under-
stand the characteristics, susceptibility, and impact of COVID-19
on patients with diabetes. These studies have become even more
important at this moment because many countries are restrict-
ing their citizens’ mobility to contain the pandemic, which could
affect a large number of patients with chronic diseases, includ-
ing diabetes, who may  need routine disease management. Some
researchers have joined the discussion on the consequences of
COVID-19 combined with diabetes, but clinical data from many
countries around the world have not yet been available. Based on
the countries in which such clinical data are available, patients with
diabetes who are infected by COVID-19 see a slower/lower recovery
rate, longer time of infection, and increased risk of hospitalization.
As the epidemic has gradually become a “new normal” around the
world, it is worth discussing how to best manage diabetes during
these restrictive times.

This review provides a comprehensive understanding of
the interaction between COVID-19 and diabetes, including the
epidemiological characteristics of patients with COVID-19 and
diabetes, determinants of the prognosis, pathophysiological and
biological mechanisms underlying the association between COVID-
19 and diabetes, and comprehensive patient management. This
review would appeal to a broad readership as it would not only pro-
vide critical clinical guidance and scientific evidence for virologists,
endocrinologists, infectious disease physicians, and respiratory
physicians by summarizing relevant mechanisms and professional
and authoritative guidance, but also be of great value for family

doctors and the general population by synthesizing the sugges-
tions for patients’ self-management and health management in the
community or nursing homes.

d
w

900
. Methods

.1. Search strategy and literature filtering

We  conducted a literature search in the PubMed, Web  of Science,
mbase, Medline, Wanfang, and CQVIP databases on 31 August,
020. We  searched titles or abstracts including “diabetes” and
ny synonym or related form of “COVID-19”, including “COVID19”,
coronavirus disease 2019”, “coronavirus disease-19”, “2019-nCoV
isease”, “2019-nCoV”, “severe acute respiratory syndrome coro-
avirus 2”, “SARS-CoV-2”, and “SARS2”.

Titles and abstracts of the articles identified through the key-
ord search were independently screened by four reviewers (Y.Y.,

.S., H.L., Y.L.) against the study inclusion criteria. Potentially rel-
vant articles were retrieved for an evaluation of the full text,
lso by the same four reviewers independently, with discrepan-
ies resolved by consensus or by a fifth reviewer (S.Y.). The five
eviewers jointly determined the final pool of studies included in
he review, and four (Y.Y., P.S., H.L., Y.L.) extracted the relevant data.

.2. Study selection criteria

Our inclusion criteria were as follows: (1) study subject:
OVID-19 patients with diabetes; (2) study type: clinical research

ncluding retrospective studies and prospective cohort studies, fun-
amental research, and guidelines; (3) article type: peer-reviewed
ublications; (4) language: English or Chinese; (5) study topics: epi-
emiology, pathophysiology or patient management. We excluded
tudies that met  any of the following criteria: (1) studies whose
ubjects were only pregnant women, children, or other special
opulations; (2) studies presented as letters, comments, editorials,
tudy/review protocols, review articles, animal studies, mecha-
istic studies, or case reports; (3) studies focusing on COVID-19
atients with comorbidities other than diabetes; (4) studies focus-

ng on other viruses than SARS-CoV-2, such as SARS-CoV and
ERS-CoV. A total of 31 articles were included in this review after

he completed filtering process (Fig. 1).

. Epidemiological characteristics of COVID-19 patients
ith diabetes
emiological characteristics of COVID-19 patients with diabetes,
hich were extracted and tabulated (Table 1).
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Table  1
Prevalence and prognosis of COVID-19 with diabetes.

First author (year) Study design Subjects Number of
partici-
pants

Country Age (Mean
±
SD/median)

Males (%) Prevalence
of
COVID-19
with
diabetes
(%)

Prognosis of COVID-19
with diabetes

Bello-Chavolla (2020)
[23]

Retrospective study Diagnosed 61,633 Mexico 46.7 ± 15.8 57.7 18.3

• Death cases in
diabetics/non-diabetics:
21.8%/7.7%
•  Comorbidities: obesity,
hypertension, COPD, CKD,
CVD, and
immunosuppression
•  Risk factor: with
concomitant
immunosuppression,
COPD, CKD, hypertension
and those aged > 65.0 years
• Death: HR = 3.4, 95% CI:
3.1–3.7

Buckner  (2020) [106] Retrospective
study

Hospitalized 105 US 69.0 50.5 33.3 • NA

Cariou  (2020) [90] Retrospective
study

Diagnosed 1317 France 69.8 ± 13.0 64.9 88.5 • Comorbidities: heart
failure, NAFLD or liver
cirrhosis, active cancer,
COPD, treated OSA, organ
graft and end stage renal
failure

China  CDC (2020) [104] Retrospective
study

Diagnosed 44,672 China NA 51.4 5.3 • Prevalence of diabetes in
death cases: 19.7%

Cummings (2020) [117] Prospective
cohort study

Diagnosed 257 US 62.0 67.0 36.0 • Death: HR = 1.7, 95% CI:
1.1–2.4

Docherty (2020) [116] Prospective cohort
study

Hospitalized 20,133 UK 73.0 60.0 20.7 • Death: HR = 1.1, 95% CI:
1.0–1.1, p = 0.087

Guan  (2020) [17] Retrospective study Hospitalized 1590 China
48.9 ±
NA

57.3 8.2
• Prevalence of diabetes in
severe/non-severe cases:
34.6%/14.3%
•  Composite endpoints
(ICU, or invasive
ventilation, or death): HR =
1.6, 95% CI: 1.0−2.5

Hong  (2020) [107] Retrospective
study

Hospitalized 98 South
Korea

55.4 ± 17.1 38.8 9.2 • Prevalence of diabetes in
severe cases: 23.1%

Itelman  (2020) [108] Retrospective
study

Hospitalized 162 Israel 52.0 ± 20.0 65.0 18.5 • Prevalence of diabetes in
severe cases: 30.8%

Li  (2020) [110] Retrospective study Hospitalized 80 China
47.8 ±
19.5
47.5

50.0 12.5
• Prevalence of diabetes in
severe or critical cases:
35.3%
•  Prevalence of diabetes in
mild or moderate cases:
6.3%

Lian  (2020) [109] Retrospective
study

Hospitalized 788 China NA 48.4 7.2 • NA

Nikpouraghdam (2020) [111] Retrospective
study

Hospitalized 2968 Iran 55.5 ± 15.2 66.0 3.8 • Death cases in diabetics:
9.7%

Richardson (2020) [5] Retrospective
study

Hospitalized 5700 US 63.0 60.3 33.8 • ICU cases in died
diabetics/non-diabetics:
57.6%/47.2%

Singh  (2020) [12] Retrospective
study

Hospitalized 2209 China NA NA 10.5 • NA

Singh  (2020) [12] Retrospective
study

Hospitalized 355 Italy NA NA 35.5 • NA

Shi  (2020) [31] Retrospective
study

Hospitalized 1561 China 64.0 51.0 9.8 • Severe cases in diabetics:
17.6%

Sun  (2020) [112] Retrospective
study

Hospitalized 150 China 45.0 ± 16.0 44.7 6.0 • NA

US  CDC (2020) [15] Retrospective
study

Hospitalized 1494 US NA NA 26.7 • ICU cases in diabetics:
37.1%

US  CDC (2020) [15] Retrospective study Diagnosed 7162 US NA NA 10.9
• Not
hospitalized/hospitalized
but non-ICU/ICU cases in
diabetics:
45.3%/34.4%/20.3%
• Prevalence of diabetes in
not
hospitalized/hospitalized
but non-ICU/ICU cases:
6.4%/24.2%/32.4%

901
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Table  1 (Continued)

Wan  (2020) [113] Retrospective
study

Hospitalized 135 China 47.0 53.3 8.9 • Prevalence of diabetes in
severe cases: 22.5%

Wang  (2020) [114] Retrospective
study

Hospitalized 138 China 56.0 54.3 10.1 • Prevalence of diabetes in
severe cases: 22.2%

Zhang  (2020) [115] Retrospective
study

Hospitalized 140 China 57.0 50.7 12.1 • Prevalence of diabetes in
severe cases: 13.8%

Zhu  (2020) [105] Retrospective study Diagnosed 7337 China
Diabetics: 62
Non-diabetics: 53

47.4 13.0
• Death cases in
diabetics/non-diabetics:
7.8%/2.7%
•  Death: HR = 1.5, 95% CI:
1.1–2.0 (p = 0.005)

CDC: Center of Disease Control and Prevention; CI: confidence interval; CKD: chronic kid
disease; HR: hazard ratio; ICU: intensive care unit; NA: not available; NAFLD: nonalcoholic
States.
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Fig. 1. Flowchart of study inclusion and exclusion.

3.1. Prevalence of diabetes among patients with COVID-19

Studies have suggested that COVID-19 is very common in
patients with diabetes (Table 1). A survey of 44,672 confirmed cases
of COVID-19 by the Chinese Center for Disease Control and Pre-
vention showed that diabetes occurred in 5.3% of the cases [10].
Several other studies in China, with sample size ranging from 1561
to 2209, showed that the prevalence of diabetes as a comorbidity
with COVID-19 ranged from 9% to 11% [11–14]. More seriously, a
study of 5700 COVID-19 patients from the US found that 33.8% of
confirmed cases were patients with diabetes [5], which is higher
than the national diabetes prevalence of 10.1% among all adults
[15]. Additionally, an Italian study concluded that nearly 36% of the
355 COVID-19 patients suffered from diabetes [7]. An increasing
number of studies are revealing that patients with diabetes may  be
more likely to be infected with COVID-19, indicating that diabetes
may  be a risk factor for COVID-19.

3.2. Poor prognosis of COVID-19 in patients with diabetes

In related studies (Table 1), the poor prognosis of COVID-19
in patients with diabetes is associated with severe illness, ICU
treatment, death, and other adverse outcomes [11,13,14,16–22].
Alongside diabetes, there are additional comorbidities that are
related to adverse COVID-19 outcomes including, but not limited
to chronic kidney disease (CKD), chronic obstructive pulmonary
diseases (COPD), cardiovascular disease (CVD), hypertension,

immunosuppression, and obesity [23–26]. Among hospitalized
patients, cases with diabetes were at higher risk of poor prognosis
than cases without diabetes, with odds ratios (OR) varying from 2.0
to 3.7 [13,16,19–22] and relative ratios (RR) from 2.1 to 4.6 [11,18].
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902
ney disease; COPD: chronic obstructive pulmonary diseases; CVD: cardiovascular
 fatty liver disease; OSA: obstructive sleep apnea; UK: United Kingdom; US: United

ccording to a Chinese retrospective study of hospitalized patients
n = 1590) and a Mexican study of diagnosed patients (n = 4659),
he hazard ratio (HR) reached 1.6 (95% CI: 1.0−2.5) [17] and 3.4
95% CI: 3.1−3.7) [23], respectively.

Other risk factors in patients with diabetes were shown to
e determinants for the poor prognosis of COVID-19, including
ging, additional comorbidities (e.g., CKD, COPD, CVD, hyper-
ension, immunosuppression, obesity, dyslipidemia), unhealthy
ifestyle, etc. [17,22,23,27–29]. One study showed that the asso-
iation between diabetes and poor prognosis in patients with
OVID-19 was  affected by age (p = 0.003) and hypertension (p <
.001) [30]. As for the risk factors of poor prognosis in COVID-19
atients with diabetes, another retrospective study found that non-
urvivors were more likely to be older (76.0 vs 63.0 years old), male
71.0% vs 29.0%), and suffering from hypertension (83.9% vs. 50.0%)
r cardiovascular disease (45.2% vs 14.8%) (all p < 0.05) [31].

. Underlying biologic mechanisms for pathophysiological
esearch for COVID-19 and diabetes association

.1. Impaired immune function

Patients with diabetes suffer increased susceptibility to many
ommon infections, which is attributed to a combination of dysreg-
lated innate immunity and maladaptive inflammatory responses
32]. Besides, the immune glycation damage seen in patients with
iabetes also accounts for this increased susceptibility as blood glu-
ose and methylglyoxal (MG) concentration increase in patients
ith diabetes, and MG is a potent suppressor of myeloid and T-

ell immune functions [33]. Myeloid cell expression of surface
ajor histocompatibility complex class I (MHC) decreases in the

rocess of glycation, and some studies have shown that HbA1c
 8.0% decreases the proliferative activity of T helper cells and
heir response to antigens, which impairs cell-mediated immu-
ity [120]. With the increase of blood glucose, patients with
iabetes will experience immunoglobulin glycosylation, disorder
f humoral immunity (including impaired complement activa-
ion), and decreased cytokine response after stimulation [35]. The
ncreased glycosylation may  inhibit lymphocyte and macrophage
roduction of interleukin (IL)-10 which is important for anti-

nflammatory response. Additionally, in diabetes, the amount of
nterferon (IFN)-� released by T cells and natural killer (NK) cells
s reduced, as well as the tumor necrosis factor released by T cells
nd macrophages[120]. Diabetes inhibits neutrophil chemotaxis,
hagocytosis, and intracellular killing of microbes [36]. All of these
actors can increase the severity of bacterial infections and viral
nfections like COVID-19. In addition, studies have shown that

iabetes may  change glucose concentrations in airway secretion,
hich has an impact on the infection and replication capabilities

f a virus, although this has not been demonstrated for COVID-19
37].
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4.2. Increased inflammatory storm

Studies have shown that when SARS-CoV-2 enters the body,
there is a stimulation of the patient’s innate immune system, result-
ing in the release of a large number of cytokines (IL-1�, IL-6, tumor
necrosis factor (TNF), C–C motif chemokine ligand (CCL)-2, CCL-
3, and CCL-5) in the body [38]. As viral infection of SARS-CoV-2
progresses to later stages, the potential for a cytokine storm and
acute inflammation increases, therefore worsening the condition
[39–41]. Inflammation is closely related to the occurrence and
development of diabetes. Inflammatory factors can cause abnor-
malities in endothelial cell structure and function, which may
lead to insulin resistance. At the same time, inflammatory factors
may  result in structural and functional impairment of islet cells
through multiple pathways, which promote �-cell apoptosis, lead-
ing to insufficient insulin secretion, and resulting in increased blood
glucose [42,43]. This also suggests that SARS-CoV-2 may  worsen
diabetes or progress prediabetic states to overt diabetes. The shift of
CD4+ T cell subsets toward a proinflammatory phenotype (T-helper
1 (Th1), Th17, and CD8+ T cell populations) and the decrease of
peripheral unconventional T cells occurs in patients with diabetes,
which leads to decreased insulin sensitivity and systemic insulin
resistance, so the amplification of cytokine response by SARS-CoV-2
ultimately may  enhance this effect [44].

The inflammatory response to COVID-19 also has implications
for worsened outcomes in persons with previously diagnosed dia-
betes. Induction of local and/or systemic low-grade inflammation
resulting from the multifactorial activation of innate immunity
is also a feature of Type 2 diabetes [45]. Chronic inflammation
is an underlying pathological condition in which inflammatory
cells, such as neutrophils and monocyte/macrophages, infiltrate
into fat and other tissues and accumulate in individuals with
chronic metabolic conditions [46]. In addition, an increased forma-
tion of advanced glycation end products (AGEs) in patients with
poorly regulated diabetes may  be responsible for the increased
basal cytokine secretion [35]. It has been posited that infection
with SARS-CoV-2 may  serve to amplify an already primed cytokine
response in patients under these conditions, which exacerbates the
cytokine storm that appears to be driving the multi-organ failure
and the severe cases of COVID-19 pneumonias and the subse-
quent death of many patients [43]. Studies have shown that IL-6,
a marker of inflammation, was found to be elevated in patients
with COVID-19 comorbid with diabetes compared to those with-
out diabetes [47]. Mainly involved in the acute phase inflammatory
responses, IL-6 is a pleiotropic cytokine which is the primary trig-
ger for cytokine storms. It has been suggested that peripheral blood
IL-6 levels could be used as an independent factor to predict the
progression of COVID-19 [48].

4.3. Functional receptor: ACE2

ACE2 has been identified as the SARS-CoV-2 receptor (Fig. 2).
Proteases, such as transmembrane protease serine 2 (TMPRSS2),
cleave the C-terminal segment of ACE2, particularly residues
697–716, which enhance the S protein-driven viral entry [49]. Pro-
teases such as furin, which cleave the S1 and S2 domain of the spike
protein, subsequently release the spike fusion peptide, allowing the
virus to enter through an endosomal pathway [36]. Expression of
ACE2 and TMPRSS2 increases in patients with diabetes, and studies
have found strong correlations between the expression of the two,
which indicates that the genes of the two are expressed in simi-
lar cells [50]. Recently, a phenome-wide Mendelian randomization

study found that diabetes is causally related to the expression
of ACE2. Though the significance of these observations is unclear
at present, increased ACE2 expression might predispose patients
with diabetes to infection with SARS-CoV-2 [51]. The relationship
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etween furin and diabetes was  unveiled when furin levels were
ound to be elevated several years before the onset of diabetes
ompared with the control group, and that plasma furin concen-
ration had significantly increased in patients with overt diabetes
nd cardiovascular disease [52]. The current research results show
hat the affinity of SARS-CoV-2 to cellular ACE2 was 10–20 times
hat of SARS-CoV-1 [53], probably due to a furin-like cleavage
ite (682RRAR/S686) inserted in the S1/S2 protease cleavage site
f SARS-CoV-2. In addition, plasmin, which is higher in patients
ith chronic illnesses such as diabetes, can cleave SARS-CoV-1-S in

itro, but further research on SARS-CoV-2 is needed [54–56]. The
ytosolic pH is lower in the presence of diabetes and accompanying
omorbid conditions, which may  cause the virus to enter the cell by
ttaching to ACE2 more easily [57]. In the long term, the infection of
ancreatic �-cells could also trigger �-cell autoimmunity, further
xacerbating an already elevated immune response [47,58].

SARS-CoV-2 enters human cells causing a series of respiratory
eactions by binding ACE2 through surface proteins in human res-
iratory and lung tissues, which can infect endocrine pancreas cells
ia their expression of ACE2. Evidence in diabetic mice demon-
trated that ACE2 activity levels were enhanced in the pancreas
59]. In humans, the binding of SARS-CoV-1 to its receptor, ACE2,
amages islets and reduces insulin release, which has caused
yperglycemia in people without pre-existing diabetes, although
he hyperglycemia could be temporary [51]. Though no similar
ffect has been reported yet in COVID-19, it suggests the impor-
ance of monitoring blood glucose levels in the acute stage of the
isease and during the follow up [51,60]. In addition, uncontrolled
yperglycemia may  cause potential changes in the glycosylation of
CE2 as well as the glycosylation of the viral spike protein, which
ay  alter both the binding of the viral spike protein to ACE2 and

he degree of the immune response to the virus [61].

.4. Increased RAS expression

Increased blood glucose and the production of glycosylation
roducts in patients with diabetes can increase the expression
f the renin-angiotensin system (RAS), particularly angiotensin II
Ang II). Studies have shown that many tissues can stimulate dihy-
ronicotinamide adenine dinucleotide phosphate (NADPH) oxidase
ctivity and increase oxidative stress when they are exposed to
xcessive amounts of Ang II, which results in increased insulin resis-
ance, diabetes complications, and a worse prognosis for COVID-19
nfection [62–64]. In addition, Ang II stimulates fibrosis, promotes
ell apoptosis, and reduces the islet blood supply, as well as the first
hase of insulin secretion, which leads to more serious diabetes
64].

ACE2 converts Ang I to Ang-(1–9), and Ang II to Ang-(1–7).
oth of these biologically active downstream peptides contribute to
asodilatory properties, which are further accompanied by antifi-
rotic, antiproliferative, and anti-inflammatory effects [65]. ACE2
ntagonizes the activation of the classical RAS, and to a certain
xtent, it can protect islet cells and prevent diabetes [66]. The com-
ination of SARS-CoV-2 and ACE2, with the subsequent membrane
usion and the entry of the virus into the cell, leads to down-
egulation of these receptors, which aggravates cellular damage,
yperinflammation, and respiratory failure [9,67]. The additional
CE2 deficiency after viral invasion might amplify the dysregu-

ation between the ‘adverse’ ACE → Ang II → angiotensin type
 (AT1) receptor axis and the ‘protective’ ACE2 → Ang-(1–7) →
as  receptor axis [67]. Downregulation of ACE2 after viral entry

an lead to unopposed Ang II, thus hindering insulin secretion.

hese factors might contribute to the acute worsening of pancre-
tic �-cell function and give rise to diabetic ketoacidosis (DKA)
68], which suggests that patients with diabetes may  have a worse
rognosis after being infected with SARS-CoV-2. However, whether
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Fig. 2. Pathophysiological mechanisms of COVID-19 with diabetes. Red boxes/lines/arrows represent diabetes and its impacts; purple boxes/lines/arrows represent SARS-
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CoV-2  and its impacts; orange boxes represent enzymes related to the virus invasion
enzyme; TMPRSS2: transmembrane protease serine 2 (for interpretation of the ref
article).

ACE2 is mechanistically linked to the development of dysglycemia
or increased complications in people with diabetes is uncertain
[32]. There is evidence that ACE2 expression increases with the
use of RAS inhibitors (angiotensin II receptor blockers [ARBs] and
ACE inhibitors [ACEi]), which may  increase the protective effect to
hypertension and diabetes but facilitate the entry of the virus into
the host cell and theoretically increase the chances of infection or
its severity [12]. However, current studies have not found that the
use of ACE inhibitors or ARBs increases the risk of SARS-CoV-2 infec-
tion or the risk of serious consequences in patients with COVID-19
[65,69–71].

4.5. Potential receptor: DPP4

Membrane-associated human dipeptidyl peptidase-4 (DPP4) is
also a functional coronavirus receptor, interacting with the Middle
East respiratory syndrome (MERS-CoV) through the spike glyco-
protein S1b domain [32]. A recent study has shown that although
the homology between SARS-CoV-2-S and MERS-CoV-S receptor-
binding domains (RBDs) is low, almost all the contacting residues
of DPP4 with SARS-CoV-2-S RBD were consistent with those for
binding with MERS-CoV-S RBD. This indicates that DPP4 can act
as a potential candidate binding target of the SARS-CoV-2-S RBD
[72]. One study has shown that the posttreatment HbA1c level is
correlated with the baseline levels of CD26/DPP4 expression on T

cells and serum sCD26/DPP4 [73], and DPP4 can lead to reduced
insulin secretion and abnormal visceral adipose tissue metabolism
[74]. Highly selective DPP4 inhibitors have been developed for the
treatment of Type 2 diabetes [32], and antibodies directed against
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 boxes represent the renin-angiotensin system (RAS). Ace: angiotensin-converting
es to colour in this figure legend, the reader is referred to the web version of this

PP4 can inhibit MERS-CoV infection of primary cells [9]. However,
he combined mechanism of DPP4 with SARS-CoV-2 and the appli-
ation of DPP4 inhibitors in patients with COVID-19 needs further
tudy. Moreover, a possible interaction of DPP4 and RAS pathways
eems to be plausible, although this has not been fully studied [51].

. Management

The mechanistic association between diabetes and COVID-19
onfirms and explains the epidemiological characteristics to some
xtent. Given that patients with diabetes are likely to be more
usceptible to SARS-CoV-2 and may  be more prone to poor out-
omes, their out-of-hospital health management is now pressed for
einforcement, as well as their in-hospital management, in which
elemedicine can play a part (Table 2).

.1. General measures to promote health in patients with diabetes

.1.1. Blood glucose control and monitoring
People with diabetes are supposed to control their blood glu-

ose strictly in accordance with daily targets, which requires
ersonalized programs. For example, in elderly patients with other
hronic diseases, limited daily activities, mild to moderate cog-
itive impairment, or those in need of long-term care, the blood
lucose control target should be appropriately relaxed in order

o prevent hypoglycemia [75]. The frequency of blood glucose

onitoring should be determined according to the control of
lood glucose and the therapeutic schedule. During the pandemic,
hen daily life is affected and blood sugar is prone to fluctu-
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Table  2
Practical recommendations for management strategies for patients with diabetes, with diabetes and COVID-19, and seeking assistance via telemedicine.

Management strategies for. . . Recommendations

Patients with diabetes • Regularly monitor blood glucose;
• Maintain healthy diet and regular exercise as advised by a physician;
•  Limit the number of daily contacts to adhere to social distancing guidelines.

Patients with diabetes and COVID-19 • A full patient evaluation should be performed upon hospital admission to evaluate health status;
•  Monitor blood glucose levels more frequently during treatment.

Patients with diabetes seeking assistance via
telemedicine

• Use the Internet of Things to update doctors on health habits related to diabetes;
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•  Consider scheduling a
•  Become familiar with
•  Consider providing fe

ation [77]. The International Diabetes Federation suggested that
more attention should be given to blood glucose monitoring [122].
If necessary, patients with diabetes can increase the monitoring
frequency.

5.1.2. Reasonable diet and moderate exercise
Exercise is recommended as one of the primary management

strategies for newly diagnosed patients with Type 2 diabetes. In
addition to diet and behavior modification, exercise is an essential
component of the prevention and management of diabetes [79].
Epidemiological and biological facts have shown that the acquired
disorder of glucose metabolism is often preventable and reversible
with healthy living strategies [80]. However, people have been liv-
ing with another pandemic for many years — physical inactivity
(PI) and sedentary behavior (SB). Nowadays, COVID-19 has pro-
foundly changed the world. People have been required to maintain
a certain social distance and have been temporarily restricted from
travel or going to places for sports activities, such as rehabilitation
centers, fitness centers, and parks, which may  further affect and
accelerate the pandemic of PI/SB [81–83]. At the same time, access
to fresh fruits and vegetables could be limited under the influence
of the COVID-19 pandemic [84,85]. Additionally, alterations in the
daily routine influence the dietary intake as well. For instance, peo-
ple tend to prefer foods that are high in calories, especially those
rich in saturated fat and trans-fat [51]. The HbA1c of individuals
with diabetes is estimated to increase by 3.68% within 45 days dur-
ing this pandemic [77]. Therefore, diet and lifestyle adjustments
are particularly important during this unusual period, which is
also a good opportunity for individuals with diabetes to develop
self-management habits. Some suggestions published during the
COVID-19 pandemic [75,86,87], although not fully consistent with
the American Diabetes Association (ADA) guidelines, include (1)
eating a fixed amount of carbohydrates at a fixed time for each
meal; (2) eating appropriate carbohydrates, choose high-quality
proteins, and properly limit the intake of protein when complicated
with renal dysfunction; (3) reducing fat (especially saturated fat)
intake and ensure adequate vitamin intake; and (4) ensuring that
there is no less than 150 min  of medium or low intensity exercise
every week.

5.1.3. Social distancing
The American Diabetes Association recommends social distanc-

ing as one of the significant precautions which includes avoiding
crowds especially in poorly ventilated spaces, all non-essential
travel and close contact with people who are ill[123] []. Recent stud-

ies showed that the drastically decreased daily contacts caused by
the interventions put in place in Wuhan and Shanghai essentially
protected people from household interactions, which resulted in a
dramatic reduction of COVID-19 transmission [89].
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tments via remote consultation;
ble referral mechanisms and third-party online platforms in case of emergency;
k to central data banks for future support in disease management.

.2. Measures in patients who  have diabetes and COVID 19

.2.1. Admission evaluation
At the time of admission, the blood glucose and/or HbA1c and

rinary ketone will help ascertain the treatment plan of diabetes.
dditional factors such as age, nutritional status, food intake, and

he presence of other organ dysfunctions and cardiovascular and
erebrovascular diseases should be assessed upon entry. The risk of
lood sugar fluctuations and the severity of the patient’s condition
hould be noted [90].

.2.2. Prevention of severe disease
Based on the guidelines from the UK National Diabetes Inpa-

ient COVID Response Group [91,92], all of the hospitalized patients
ith COVID-19 should be monitored for blood glucose so that glu-

ose fluctuations can be detected in a timely manner. Patients with
 history of diabetes or with blood glucose over 12 mmol/L can
e routinely treated for diabetes and monitored regularly and fre-
uently (2–4 times/h). If the blood glucose continues to rise and
emains above 12 mmol/L, or oral treatment is impossible, insulin
hould be considered and the blood glucose control target can be
djusted to 7−12 mmol/L. If treatment for COVID-19-related symp-
oms is not effective and blood glucose levels are not as expected,
lood glucose monitoring should be strengthened (4–6 times/h).
hen blood glucose exceeds 15 mmol/L, short-acting insulin can

e injected subcutaneously as required.
The use of dexamethasone has become a common treatment

or severe COVID-19, as it was  found to reduce deaths in patients
equiring ventilation and oxygen therapy. However, because dex-
methasone is a glucocorticoid, patients with COVID-19 comorbid
ith diabetes should take extra precaution under this medication to
revent ketoacidosis. Patients and clinicians should monitor blood
lucose readings more frequently to maintain glycemic control if
reated with dexamethasone, or other treatments should be con-
idered for patients with uncontrolled hyperglycemia [93].

The clinical outcome for patients with diabetes and COVID-19
ay  be more severe or even fatal in the elderly and people with

dditional comorbidities such as cardiovascular, pulmonary, and
idney diseases [31]. These high-risk patients require special atten-
ion and care.

.3. Increasing use of telemedicine

The COVID-19 pandemic has led to a surge in demand for med-
cal services, which has put great pressure on medical institutions;

eanwhile many cases are caused by hospital-related transmission
94]. Accordingly, the telemedical information system is now worth

urther development, so that mild patients can get access to needed

edical care while avoiding exposure to acute patients [95]. Such
atient-centered systems can protect the patients, the clinicians,
nd the community through the following five ways (Fig. 3).
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Fig. 3. Telemedical information systems for diabetes management durin

5.3.1. Internet of things (IoT)
The IoT refers to a network comprised of physical objects capa-

ble of gathering and sharing electronic information without the
need of face-to-face interaction. Using this network, patients with
diabetes can upgrade their management plans by connecting their
monitoring equipment to the network. For example, the remote
blood glucose monitor can not only collect measurements, but
also deliver data to parents and caregivers, as well as doctors
to provide accurate and frequent up-to-date monitoring of dis-
ease progression [96]. Additionally, the foot temperature sensing
devices have an early warning system for diabetic foot ulcers in
high-risk patients and inform the right player when a problem is
imminent [51]. Databases such as the IoT allows doctors to have
access to patient information, uploaded by the patient’s device, to
provide guidance and monitoring without the need for frequent
traditional appointments. Moreover, based on the data collected by
the sensors, each patient is competent to be their own expert for
health, as web-based programs can provide prescriptions of eating
habits, activity patterns, and even drug utilization [97], which has
been proved to be a good adjunct to the management of diabetes
in many studies and is likely to be effective at the population level
[98].

5.3.2. Remote consultation systems
The remote consultation system provides a channel for com-

munication between patients and doctors through text, telephone,
or video with the help of electronic medical records and remote
monitoring data. For example, the online management data of
Internet-Diabetes Co-Care Clinic of Peking University Hospital
revealed that the patients managed online showed increased atten-
tion to blood glucose monitoring during the pandemic, more
frequent interactions with the database, and the average fasting
blood glucose and average postprandial blood glucose levels did
not change significantly compared with before, indicating little to
no progression of the disease. This reflects the effect of telemedicine
[99].

5.3.3. Referral mechanisms
The referral mechanism connects community medical institu-

tions, nursing homes, and upper-level hospitals to assist diabetic
patients during the pandemic. As an example, grass-roots medical
service institutions and community volunteers can be organized
to get in touch with patients in need, especially the elderly, and
send them to the hospital in a timely manner if necessary [92]. As a

gathering environment for high-risk groups, nursing homes should
maintain close contact with hospitals, centers for disease control
and prevention (CDC), and government departments to ensure ade-
quate supplies and to provide correct care services [100]. Based on
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ID-19. GIS: Geographic Information Systems; AI: artificial intelligence.

he unified digital platform, the grassroots can play an important
ole in the management of routine patients and the screening and
riage of suspected COVID-19 patients [101].

.3.4. Third-party online platforms
Due to the inconvenience in travel and transportation during

he pandemic, a third-party platform of medicines and sanitation
aterials published a shopping map  in order to help the consumer

nd the nearest online or offline purchase point with diabetes drugs
nd blood glucose test strips in stock [102]. In addition, the plat-
orm provides data support for the seller or the supplier so that the

aterial scheduling can be more reasonable.

.3.5. Central data banks
The data reported by individuals, medical facilities, and the

hird-party platforms should be aggregated to the central data bank
103], which is capable of providing decision-making support for
he government departments and providing risk-control reports for
ndividuals using geographic information system (GIS) and artifi-
ial intelligence (AI) analytics. The above-mentioned telemedicine
nformation system, which can be extended to more chronic dis-
ase management, will play a role in this pandemic, as well as in
he future.

. Conclusion

This review reveals that a high proportion of patients with
OVID-19 have comorbid diabetes, which could result in a higher
isk of poor prognosis. The underlying biologic mechanisms of the
ssociation of diabetes and adverse COVID-19 outcomes are the
inding of the SARS-CoV-2 to the ACE2 receptor, resulting in acute

nflammation and release of cytokines. In patients with diabetes,
his further exacerbates an already impaired immune function and
ncreases the risk of inflammatory cytokine storm as viral infec-
ion. It is significant for people with diabetes, and even people with
ther chronic diseases, to enhance the awareness and ability of
elf-management, particularly during this pandemic when there
s a decrease in face-to-face time with doctors. Specifically, with
he help of telemedicine systems, which can provide a buffer zone
etween the prevention of infection and the needs of treatment,
here are many ways for a patient to provide up-to-date informa-
ion to doctors and caregivers so their condition can be monitored
emotely. In addition, a global database is necessary, which can

trengthen the validity and value of evidence and perform its func-
ions of patient monitoring. Also, given that the prevalence of
OVID-19 (also severe COVID-19) among diabetic patients have
aried across the studies, a meta-analysis would be useful to exam-
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ine the differences in the prevalence of COVID-19 among continents
or countries/regions, as well as the reasons for these differences.
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