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Abstract
The coronavirus disease 2019 (COVID-19) outbreak that occurred in late 2019 has 
posed a huge threat to the health of all humans, especially for individuals who 
already have diabetes mellitus (DM). DM is one of the most serious diseases that 
affect human health, with high morbidity and rates of complications. Medical 
scientists worldwide have been working to control blood sugar levels and the 
complications associated with sugar level alterations, with an aim to reduce the 
adverse consequences of acute and chronic complications caused by DM. Patients 
with DM face great challenges during the pandemic owing to not only changes in 
the allocation of medical resources but also their abnormal autoimmune status, 
which reduces their resistance to infections. This increases the difficulty in 
treatment and the risk of mortality. This review presents, from an epidemiological 
viewpoint, information on the susceptibility of patients with DM to COVID-19 
and the related treatment plans and strategies used in this population.

Key Words: Diabetes; Novel coronavirus; Strategy; Antidiabetic medicine; Insulin; 
Infection
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Core Tip: Diabetes is one of the most common chronic diseases worldwide. Since 
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large number of patients with diabetes, hypertension, or coronary heart disease 
worldwide. Poor control of blood glucose may lead to secondary infection and acute 
complications, and the infection may also worsen the blood glucose. Therefore, it is 
necessary to manage diabetic patients during this period.
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INTRODUCTION
Diabetes mellitus (DM) is one of the most common chronic diseases worldwide. The 
latest epidemiological studies show that the prevalence rate of DM in Chinese adults is 
12.8%; however, this value is not considered to represent the actual prevalence as a 
large number of individuals are in the pre-DM stage or have not been diagnosed[1]. 
According to the Global Burden of Disease report published in 2015, the prevalence of 
DM increased from approximately 333 million to approximately 435 million in 10 
years[2], and it is expected to affect 642 million individuals by 2040[3]. Since November 
2019, coronavirus disease 2019 (COVID-19) has severely affected the routine care of 
many patients with DM, hypertension, or coronary heart disease worldwide. 
According to data from the Chinese Centers for Disease Control and Prevention, there 
were 89507 cases of COVID-19 in the Chinese mainland and 20553873 cases globally as 
of August 12, 2020. We were stunned by the real-time statistics from Worldometers, 
which also show the severity of the current pandemic (Figures 1 and 2; source: 
https://www.worldometers.info/coronavirus/worldwide-graphs/). Poor control of 
blood glucose levels may lead to secondary infections and acute complications, and 
such infections may consequently worsen the blood glucose level. Owing to the delays 
in medical treatment and blood glucose level monitoring in the current situation, the 
blood glucose level could fluctuate, and complications may occur or be aggravated. 
According to statistics from Wuhan, COVID-19 mainly affects male and elderly 
patients with concurrent pulmonary disease, arterial hypertension, and DM[4]; further, 
approximately 12%-22% of patients with COVID-19 have DM. Therefore, it is 
necessary to appropriately manage patients with DM during this period.

EFFECTS OF COVID-19 EPIDEMIC ON PATIENTS WITH DM
Implementation of home quarantine limits routine examinations and on-time 
adjustments of treatment strategies for patients with DM
During the COVID-19 epidemic, most countries and regions have adopted home 
isolation, an effective anti-epidemic measure to prevent and control viral transmission. 
However, it delays the treatment of patients with DM to some extent, especially those 
who are newly diagnosed with DM. At the same time, the majority of medical 
resources in most general hospitals in severe epidemic areas have been allocated to 
support fever clinics and isolation wards; this strategy may reduce the number of 
patient visits with endocrinologists.

COVID-19 epidemic has contributed to adverse stress on mental state and mood of 
patients with DM
The risk of anxiety and depression in patients with DM is approximately twice as high 
as that in healthy individuals[5,6]. Owing to the COVID-19 pandemic, tens of thousands 
of patients have fallen ill and died in many countries, especially elderly patients with 
chronic diseases; this contributes to increased negative emotions among patients with 
DM. Anxiety and depression are major risk factors for the aggravation of DM and 
early emergence of complications[7]. Therefore, the emotional stress caused by the 
COVID-19 pandemic should be considered seriously.
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Figure 1  Cumulative number of cases, by number of days since 10000 cases.

Figure 2  Cumulative number of deaths, by number of days since 100 deaths.

PATIENTS WITH DM HAVE LOW IMMUNITY AND RELATIVELY POOR 
RESISTANCE TO INFECTIONS
Patients with DM are more prone to infections than the general population
It is generally believed that patients with DM have a higher incidence of infections 
than the general population. A study showed that DM was the main risk factor for 
premature mortality and that in addition to cardiovascular diseases and cancer, 
infectious diseases contributed significantly to the reduction in life expectancy among 
patients with DM[8,9]. Clinical studies from Canada and the Netherlands showed that 
DM increased the susceptibility to lower respiratory tract, urinary tract, skin 
(bacterial), and mucosal infections[10,11]. Two other studies reported that DM is an 
independent risk factor for infection-related mortality[12,13]. In response to the COVID-
19 outbreak, epidemiological statistics from Wuhan, China revealed that the 
prevalence rate of DM in patients with COVID-19 pneumonia was 19%[14]. In a later 
report, the most prevalent comorbidity was hypertension (16.9%), followed by DM 
(8.2%)[15]. Therefore, we speculate that patients with DM are also susceptible to 
COVID-19.

Mechanisms underlying susceptibility of patients with DM to infectious diseases
There is no clear epidemiological evidence on how the immune responses change in 
patients with DM. Most studies have revealed that in patients with DM, the function of 
phagocytic cells, especially polymorphonuclear leukocytes and neutrophils, is 
impaired in a high glucose state. It has been reported that adhesion and chemotactic 
function are altered in these patients; as antibacterial activity is impaired, bacterial 
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phagocytosis and killing after stimulation are also reduced[16]. Another study 
confirmed that T-cell regulatory function is decreased and that the IL-2 signaling 
pathway is impaired in patients with type 2 DM[17]. An earlier study showed that 
compared with normal levels, high glucose and high blood sugar levels promote the 
adhesion of leukocytes to endothelial cells by upregulating cell surface adhesion 
proteins, which may be related to the activation of NF-kB[18].

ADJUSTMENT OF MEASURES DURING COVID-19 EPIDEMIC AMONG 
PATIENTS WITH DM
Patients with DM should strengthen their awareness of self-control strategies to 
prevent COVID-19
Patients with DM should strengthen their awareness of self-control strategies to 
prevent infection and make self-adjustments to their diets at home based on online 
medical treatments. At the same time, they should achieve reasonable nutrition 
collocation and perform moderate exercise to prevent overweight. Patients with DM 
should also monitor and control their blood glucose levels under the guidance of an 
endocrinologist and prevent hyperglycemia or hypoglycemia. They should also avoid 
contact with crowds while traveling and wear masks and gloves rationally and then 
change them in time.

Patients with DM should strengthen self-monitoring of their blood glucose levels 
and improve their DM-related knowledge
The treatment of DM requires not only the clinician's mastery of the disease to 
formulate an appropriate treatment plan but also long-term self-management by the 
patient. This includes self-monitoring of blood glucose levels and appropriate 
adjustment of the treatment plan based on the levels obtained. Particularly, during the 
COVID-19 epidemic, it is necessary to strengthen self-management, which can 
improve diet control and regularity of exercise to a certain extent. Improving the 
understanding of DM-related knowledge will help patients scientifically adjust their 
diet, reasonably distribute calories, and meet the individual requirements of exercise 
frequency and intensity.

Patients with DM should increase their access to online medical treatment and 
reduce frequency of clinic treatment
During the COVID-19 epidemic, it is better to obtain medical treatment online, 
including via telephone consultation services, to reduce traveling and prevent cross-
infection in hospitals. In special circumstances, patients could seek medical advice and 
be treated through the admission system in time.

ADJUSTMENT PLAN FOR ANTIDIABETIC MEDICINE
Insulin treatment should not be interrupted in patients with type 1 DM
Owing to the absolute lack of insulin secretion, patients with type 1 DM rely on the 
injection of exogenous insulin for controlling their blood glucose levels. Therefore, the 
use of insulin cannot be interrupted during the COVID-19 pandemic. It is suggested 
that patients reserve a sufficient number of insulin doses to cope with this situation. 
For patients already diagnosed with COVID-19, it is necessary to strengthen blood 
glucose level monitoring, reasonably regulate diet, and appropriately adjust the 
insulin treatment plan. Treatment with an insulin pump or basal insulin combined 
with prandial insulin is also recommended.

Strategies for coping with high blood glucose levels in patients with type 2 DM
Numerous antidiabetic medicines are currently available for DM treatment and 
appropriate adjustments of oral glucose-lowering drugs are important. Patients with 
DM who have well-controlled blood glucose and glycosylated hemoglobin levels may 
continue their original regimens to lower blood glucose levels. They should pay 
attention toward monitoring their blood glucose levels regularly. In case of a diagnosis 
of COVID-19, adjustment of the insulin treatment plan and strengthening of blood 
glucose level monitoring are recommended. Good control of the blood glucose level is 
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beneficial for recovery from inflammation and the improvement of immunity.
As for the decision regarding whether to continue oral drug treatment during 

COVID-19, it should be made according to the patient's blood glucose level and the 
mechanism of action of the oral drug. To the best of our knowledge, human 
angiotensin-converting enzyme 2 (ACE2) is the receptor used by severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) to invade target cells. The current 
view of researchers is that the potential impact of commonly used antidiabetic drugs 
on the clinical effects of COVID-19 pneumonia may be related to whether they affect 
ACE2[19].

Biguanides
Metformin is a traditional first-line drug for patients with type 2 DM. The main 
pharmacological effects of metformin are associated with 5′-AMP-activated protein 
kinase (AMPK). Some scholars have clarified the potential role of AMPK in regulating 
the expression and stability of ACE2[20]. In theory, metformin may increase the stability 
of ACE2 in the respiratory tract, thereby promoting the development of SARS-CoV-2 
infection. In contrast, metformin plays a crucial role in blood glucose control and 
immune regulation which may have a beneficial effect on patients' outcomes. Some 
scholars also believe that metformin could not only prevent the entry of SARS-CoV-2 
but also induce the activation of ACE2 through the AMPK signaling pathway, thus 
preventing harmful sequelae[21,22]. A retrospective analysis reported a downward trend 
in mortality among patients with COVID-19 and DM treated with metformin[23]. 
Penlioglou et al[24] have reported the potential positive effects of metformin and 
pioglitazone on COVID-19-induced liver injury. Therefore, there is no reason to 
discontinue metformin in patients with COVID-19 and DM. However, in patients with 
severe pneumonia, metformin is not recommended because of the risk of hypoxia and 
respiratory failure; metformin may cause accumulation of lactic acid and aggravate 
metabolic disorders. Conversely, metformin may increase the symptoms of nausea and 
diarrhea; therefore, metformin use is not recommended in such patients.

Alpha-glycosidase inhibitors
Acarbose is an alpha-glucosidase inhibitor. The main mechanism of action of acarbose 
is to delay the absorption of carbohydrates in the intestinal tract and the absorption of 
glucose from carbohydrate sources. It mainly reduces postprandial blood glucose 
levels and prevents the fluctuation of blood glucose levels. In fact, there is no 
conclusive evidence that acarbose increases the incidence of COVID-19 in patients 
with DM. In patients infected with SARS-CoV-2, acarbose may cause gastrointestinal 
discomfort, which may limit its use. If patients with COVID-19 have poor appetite, 
slow gastrointestinal motility, or even diarrhea, acarbose use is not recommended. 
However, for patients with mild symptoms, acarbose is a good choice.

Sulfonylureas
Sulfonylureas and non-sulfonylurea insulin secretagogues are traditional glucose-
lowering agents that have clear antidiabetic effects and are widely used in patients 
with type 2 DM. However, during the COVID-19 pandemic, patients with mild 
infection adhering to a regular diet, no gastrointestinal discomfort, and less 
hypoglycemia can continue to use sulfonylureas. Patients who would continue with 
oral medication should adjust the dose appropriately with careful monitoring of blood 
sugar levels. However, for patients with unstable vital signs, severe gastrointestinal 
reactions, an irregular diet, and even frequent hypoglycemia, it is not recommended to 
continue using these drugs.

Thiazolidinediones
Thiazolidinediones, which are known to be insulin sensitizers, increase the sensitivity 
of the skeletal muscle, liver, and adipose tissue to insulin, thus improving the 
utilization of glucose by cells to lower the blood glucose level; this makes them a good 
choice for patients with type 2 DM and severe insulin resistance. Can pioglitazone be 
potentially useful in treating patients with COVID-19? Carboni et al[25] stressed that 
pioglitazone can be administered to patients who are receiving statins as this 
combination can reduce the production of C-reactive protein and other laboratory 
markers of inflammation[26]. In fact, there is no evidence that patients with type 2 DM 
and COVID-19 should stop using thiazolidinediones.

Dipeptidyl peptidase 4 inhibitors
Dipeptidyl peptidase 4 (DPP-4) inhibitors are dipeptidase-peptidase inhibitors. They 
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lower the blood glucose level by suppressing the inactivation of glucagon-like peptide-
1 (GLP-1) and glucose-dependent insulin secretion peptide (GIP). This promotes 
insulin release from pancreatic beta cells by increasing the levels of endogenous GLP-1 
and GIP and inhibiting the secretion of pancreatic glucagon from islet alpha cells. At 
present, it is uncertain whether inhibiting or regulating DPP-4 would be the most 
appropriate strategy for patients with COVID-19. However, DPP4 may be a potential 
target for preventing and reducing the risk of COVID-19 infection, and the progression 
of acute respiratory complications would be prolonged in patients with type 2 DM 
with COVID-19 receiving DPP-4 inhibitors. Although patients with type 2 DM are 
exposed to low-level chronic inflammation, which can lead to an abnormal immune 
response[1], whether DPP-4 plays a potential role in COVID-19 development remains 
unclear. Therefore, we cannot assume that DPP-4 inhibitors reduce the risk of acute 
respiratory complications in patients with type 2 DM and COVID-19; therefore, we 
need to distinguish between DPP-4 inhibition and DPP-4 regulation until future 
studies show different results[27-29]. A meta-analysis showed that DPP-4 inhibitor 
treatment did not significantly increase the risk of upper respiratory tract infection, 
and the risk of respiratory tract infection associated with DPP-4 inhibitor treatment 
was comparable to that associated with placebo or active control treatment[30].

Sodium-dependent glucose transporter 2 inhibitors
Sodium-dependent glucose transporter 2 (SGLT-2) inhibitors inhibit the reabsorption 
of glucose in the kidneys, allowing excess glucose to be excreted via urine and 
lowering blood sugar levels. SGLT-2 inhibitors are a new class of antidiabetic 
medicines, and because of their specific target distribution in the kidney, they have a 
minimal impact on other tissues and organs. Further, they have a good effect in 
patients with obesity and insulin-resistant type 2 DM, and the associated risk of 
hypoglycemia is very low. SGLT-2 inhibitors are an ideal option for patients with type 
2 DM during the COVID-19 pandemic. Numerous clinical trials have shown that these 
drugs can provide benefits related to the heart and kidneys in addition to glycemic 
control[31]. However, whether SGLT-2 inhibitors could provide vital organ protection 
among patients with COVID-19 remains unclear. A phase 3, multi-national, double-
blind, placebo-controlled randomized trial has been started (DARE-19; clinical trial 
number NCT04350593). However, if patients with COVID-19 have a low caloric intake, 
gastrointestinal absorption disorders, insufficient blood volume, ketoacidosis, or 
infections in the urinary tract and reproductive system, suspension of the use of such 
drugs is recommended. A researcher raised some concerns that the DARE-19 trial 
seems to be an extremely risky proposition and that the treatment of comorbidities at 
the cost of losing track of viral infection treatment would be futile[32]. Discontinuing the 
use of SGLT-2 inhibitors and switching to insulin treatment would be a better choice in 
such cases.

GLP-1 receptor agonists
GLP-1 is an incretin hormone secreted in the gut which stimulates the secretion of 
insulin and promote glucose metabolism by acting on the GLP-1 receptor. GLP-1 
receptor agonists can not only promote insulin secretion and reduce blood sugar, but 
also repair the function of islet cells. As they play a glucose-dependent role in lowering 
blood glucose levels, the risk of hypoglycemia is very low. Further, they are highly 
effective hypoglycemic agents with good safety and play an important role in weight 
loss. Therefore, GLP-1 receptor agonists are an ideal choice for patients with type 2 
DM, especially those with obesity. Although ACE inhibitors, angiotensin 2 receptor 
blockers, SGLT-2 inhibitors, GLP-1 receptor agonists, pioglitazone, and probably 
insulin seem to increase the number of ACE 2 receptors on the cells, which are used by 
SARS-CoV-2 for entry, no evidence shows that the use of these agents might be 
harmful in terms of contracting or worsening COVID-19[33]. Patients with COVID-19 
should pay attention to the gastrointestinal side effects of GLP-1 receptor agonists, 
such as delayed gastric emptying, abdominal distension, and diarrhea. Therefore, 
patients with intestinal infections need to stop using GLP-1 receptor agonists and use 
insulin instead.

CONCLUSION
During the COVID-19 pandemic, individualized treatment, a rational diet, and 
systematic and strict glucose level monitoring should be advised for patients with DM 
to control their blood glucose levels and reduce the adverse outcomes of antidiabetic 
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medicines.
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