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Diabetes is one of the most prevalent comorbidities among patients with COVID-19, and specific minorities in the USA are being 
disproportionately affected. The biologic mechanism underpinning this association is still unknown; however, there are known causal 
relationships between hyperglycemia and dysregulated immunity in the diabetic population in sepsis and acute respiratory distress 

syndrome. Diabetes may impact the pathogenicity of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), possibly via glycosylation 
of a key receptor, angiotensin-converting enzyme 2. It is imperative that we further understand this link in order to attenuate the critical illness 
caused by COVID-19 among diabetics. 
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The COVID-19 pandemic has infected more than 61 million people and led to more than 1 million 

deaths worldwide.1 The USA was one of the later countries to experience large scale community 

transmission; to date, there have been 13.2 million cases and approaching 300,000 deaths attributed 

to COVID-19.1 The USA has the highest overall deaths globally.1,2 The COVID-19 pandemic has 

highlighted the extreme healthcare disparities present among the diverse population of the USA. 

It is important that we identify the populations and patient characteristics that are associated with 

poor prognostic factors, such as intensive care unit (ICU) admission, need for mechanical ventilation, 

and mortality, in order to efficiently mobilize resources and to potentially mitigate these negative 

outcomes. Our local experience at Rhode Island Hospital, Providence, RI, USA, points towards a link 

between the presence of diabetes mellitus (DM) and glycated hemoglobin (HbA1c) >6.5% and poor 

outcomes among adult patients with COVID-19 in the ICU. For the purpose of this review, we will refer 

to observed associations between type 2 DM (T2DM) and COVID-19, though most original publications 

did not differentiate between types 1 and 2 DM. 

DM portends worse outcome in sepsis and respiratory failure, making it vital that we understand 

the epidemiology and plausible biologic mechanisms underlying observed increased fatalities 

among diabetics with COVID-19, the deadliest pandemic in the USA in the last century. In an effort 

to increase access to real-time data, medical journals have removed restrictions for non-subscribers 

and accelerated their publishing process including limiting use of the time-consuming peer-review 

process.3 This has allowed for a rapid accumulation of patient data for providers to access during 

the COVID-19 pandemic. Our goal is to explore the role of DM in COVID-19 by first considering data 

and mechanisms from prior studies of patients with diabetes with critical illness, and then to review 

published outcomes during the current pandemic.

We searched PubMed with the following keywords: “diabetes”, “COVID-19”, “SARS-CoV-2”, “ACE2”, 

and “hyperglycemia”, to explore internationally reported findings from November 1, 2019 to May 30, 

2020. References from original articles were then also surveyed, if not captured in the above query. 

 

Diabetes mellitus and outcomes in critical illness 
—Prior pandemic coronaviruses
DM is known to alter the immune response to infection, dampening neutrophil chemotaxis, 

phagocytosis and intracellular killing of pathogens.4 While there are no specific guidelines for the 

diagnosis of DM in the critically ill, hyperglycemia is common among ICU patients and can increase 

mortality among patients with and without diabetes.5 A landmark meta-analysis identified DM and 

hyperglycemia after myocardial infarction to be significantly associated with an increased risk of death 
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and the development of congestive heart failure and shock.5 Hyperglycemia 

also increases the risk of infection postoperatively,6 and concordantly, 

effective glycemic control can decrease infection risk after cardiac surgery.7 

Intensive glucose control protocols correlate with decreased markers of 

inflammation in patients in the ICU.8 Infections, particularly pneumonia, are 

an important cause of mortality for patients with DM, and DM increases the 

risk of complications, such as hospitalization and ICU admission from viral 

respiratory illness.9,10 The odds of ICU admission were more than quadrupled 

in a review of almost 250 hospitalized patients with H1N1 influenza.10

Prior outbreaks of coronaviruses, such as severe acute respiratory 

syndrome (SARS) and Middle East respiratory syndrome (MERS), affected 

patients with DM disproportionately,11,12 and were associated with higher 

mortality in this group.13 Retrospective analyses of patients with SARS 

concluded that a history of DM and hyperglycemia in the hospital were 

independent risk factors for death,14,15 and that glucose levels correlated 

with hypoxemia.15 In one series of patients with SARS in the greater 

Toronto area, DM was associated with greater relative risk of mortality 

and need for ICU admission or mechanical ventilation, than any other 

identified pre-illness comorbidities.12 Patients with DM and those of 

advanced age have also suffered worse outcomes from MERS. A small 

review of hospitalized patients with MERS in Saudi Arabia found a series 

of lab derangements on presentation such as low lymphocyte count, high 

neutrophil count, and high serum creatinine to be associated with ICU 

admission and death, but DM was the only comorbidity associated with 

these adverse outcomes.16 A limited pathologic examination comparing 

a patient with diabetes and one without, both with MERS, demonstrated 

elevated viral titers systemically in the patient with DM.17 Given the 

massive and growing burden of DM globally, and the wider spread of the 

COVID-19 pandemic compared with SARS and MERS, the effects of DM on 

outcomes will likely be much more profound.   

Diabetes mellitus epidemiology in COVID-19 and 
diabetes as a risk factor
The USA has the highest rate of DM (11%) out of the 37 countries in the 

developed nations, among adults aged 20–79 years.18 In the USA, early 

descriptive literature has identified trends in COVID-19 patient characteristics, 

including high rates of DM in those who require hospital admission for 

COVID-19.19 In our experience thus far, in a tertiary care hospital system in 

Southern New England, we have found that patients with COVID-19 are often 

hyperglycemic with refractory glucose levels, which may be due both to the 

critical illness stress response and the underlying insulin resistance. Many 

patients without a formal diagnosis of DM on admission have had DM-range 

HbA1c (≥6.5%) levels. These were checked based on observed hyperglycemia 

or a patient’s presumed high adipose mass to lean body mass ratio.20

DM has been a common comorbidity among hospitalized patients with 

COVID-19 infection,21,22 including in some of the earliest reported case 

series in China.23 It has been suggested that prolonged uncontrolled 

hyperglycemia, and not just a history of DM, may be important in the 

pathogenesis of the disease.24 Although T1DM is a greater risk factor 

for blood glucose variability and diabetic ketoacidosis (characterized 

by uncontrolled hyperglycemia),25 only 5.6% of all patients with DM 

have the autoimmune T1DM.26 Though SARS-CoV-2 may represent a 

threat to patients with T1DM, more research is needed to understand if  

SARS-CoV-2 disproportionately impacts hyperglycemic patients with 

T1DM or T2DM.27,28 

One meta-analysis that included six studies and 1,558 patients showed that 

DM was a risk factor for developing COVID-19 infection requiring hospital 

admission,29 another showed DM, hypertension, and other cardiovascular 

disease, to be the most common comorbidities in hospitalized patients.30 

While the precise prevalence of DM among COVID-19 cases is unknown, 

rates of DM in patients with COVID-19 in China and Italy, two of the early 

global epicenters, were either equal to or greater than rates seen in the 

general population and were associated with worse outcomes.31 DM was 

present in up to 15% of hospitalized patients with COVID-19 in China32 

and up to 35% of those who died in an Italian cohort.33 An analysis of 

168 patients who died in China revealed that DM was the second most 

common comorbidity after hypertension.34 In New York City, DM was 

present in 15% of hospitalized patients; again, a higher rate than in the 

general population.35 The rate of DM in severe COVID-19 cases requiring 

ICU admission was twice that of non-ICU cases in one cohort, and another 

early observational study showed that patients with diabetes are more 

likely to require ICU level of care.36,37 In one of the first case series describing 

community spread of SARS-CoV-2 in the USA, DM was by far the most 

common comorbidity among hospitalized patients, present in more than 

half of patients (58%), followed by positive smoking status (22%).38 Most 

patients were admitted from home and only half had a known sick contact, 

offering some implication that DM may be a risk factor for developing 

symptomatic disease. 

In a more recent investigation in the USA, through the end of March 2020, 

10% of a random sampling of COVID-19 cases had DM, with rates higher 

among those with worse disease severity: 6% in non-hospitalized patients, 

24% in hospitalized ward-level patients, and 32% in the critically ill.39 DM has 

also been shown to be associated with a need for mechanical ventilation 

and increased mortality.40 A prospective observational study of 174 patients 

with COVID-19 revealed that those with DM had more severe pneumonia 

and higher levels of inflammatory and procoagulant biomarkers, including 

Figure 1: Proposed paracrine loop between the pancreas and 
lungs in SARS-CoV-2 infection among patients with diabetes
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interleukin-6, ferritin, C-reactive protein, and D dimer, compared with 

non-diabetics.41 It is important to consider that the diagnosis of DM may 

not encompass all patients who are at a higher risk of mortality from 

SARS-CoV-2 due to hyperglycemia. One-third of patients with T2DM are 

undiagnosed and it is common for the diagnosis to be first made when a 

patient is cared for in an ICU for sepsis or another illness.20 A retrospective 

study at two hospitals in Wuhan also identified a fasting blood glucose  

≥126 mg/dL, present in 45.6% of patients, even with no prior DM diagnosis, 

as an independent predictor of 28-day mortality.42

Mechanisms to explain diabetes mellitus-related 
exacerbation of COVID-19 illness
Mouse models of MERS demonstrate that diabetic mice have a protracted 

hypoinflammatory state irrespective of viral load.43 Transgenic mice 

expressing humanized MERS receptors in lung epithelium were fed a  

high-fat diet to mimic the T2DM phenotype. These mice were subsequently 

infected with the MERS virus and followed for 21 days. Diabetic mice 

suffered a longer and more severe disease course with fewer CD4+ T cells 

and macrophages recruited to the lungs initially compared with control 

mice. Concordantly, diabetic mice expressed lower regional levels of 

chemokines CCL2 and CXCL10 in the lungs. These mice also had unresolved 

inflammation on lung histology at the end of the observed period compared 

with controls, indicating that DM may have a role in causing an altered 

immune response leading to increased morbidity. 

DM was part of a composite marker of angiotensin-converting enzyme 2 

(ACE2) associated factors, along with hypertension and other cardiovascular 

diseases that were associated with delayed viral clearance in a Chinese 

cohort of patients with COVID-19.24 The authors of this pre-print postulate 

that DM and cardiovascular disease may upregulate expression of ACE2 

allowing increased entry of SARS-CoV-2 into type 2 pneumocytes, which 

are abundant in ACE2 receptors. SARS-CoV and SARS-CoV-2 have been 

shown to mainly utilize the ACE2 receptor for cellular entry.44 In vivo studies 

of severe influenza models have also shown that T cells lacking insulin 

receptor activity have blunted antigen responses.45 The diminished ability 

of these T cells to proliferate and mount production of pro-inflammatory 

cytokines support a concept of immunometabolism, which may have 

significance with other respiratory viral illnesses including SARS-CoV-2. 

Other authors have promoted the connection between DM and higher 

ACE2 levels. In a large genome-wide association study, DM and early 

commencement of insulin use were found to be linked to high ACE2 

levels.24 Some have suggested that sustained hyperglycemia may add to 

the pathogenicity of SARS-CoV-2 and degree of COVID-19 illness severity 

by promoting the binding of the virus to ACE2 receptors in the lung.46 The 

viral spike protein subunit responsible for binding the receptor domain 

is heavily glycosylated,47 and thus may be a potential therapeutic target 

in COVID-19. In a non-obese diabetic mouse model, ACE2 levels in the 

lung are increased at baseline (thought to be due to an upregulated 

renin-angiotensin system), but decrease to control levels after insulin 

administration.48 Remarkably, elevated levels of the protease furin, that 

cleaves the subunits of the viral spike protein, are also associated with 

the development of DM, thus acting as an additional possible link between 

DM and COVID-19 disease severity.49 

ACE2 receptors are also implicated in the physiologic derangements seen in 

DM, though it is not certain whether ACE2 itself directly regulates glycemic 

control.50 Interestingly, in the acute illness, scientists have raised the 

possibility that SARS-CoV-2 may cause pancreatic endocrine dysfunction 

by binding ACE2 receptors in the pancreas, resulting in hyperglycemia 

requiring insulin treatment during hospitalization.24 Thus, Cristelo et al. 

hypothesize that there may be a “paracrine loop” (Figure 1) that propagates 

increased viral binding to glycosylated ACE2 receptors in the lung by 

damaging pancreatic islet cells and perpetuating hyperglycemia.51 This is 

clinically relevant, as the damage caused to the pancreas and the resulting 

DM in patients with SARS has been seen to last up to 3 years.52 Similar 

damage has already been observed in the pancreas of patients infected 

with SARS-CoV-2.53

It is unclear whether patients with diabetes on ACE inhibitors or angiotensin 

receptor blockers (ARBs) are benefited by, or are at higher risk from, these 

medications. It has been proposed that ACE inhibitors and ARBs increase 

expression of ACE2 receptors, thus possibly increasing viral entry into 

lung epithelium; though observational studies have not proven this.51,54 

Conversely, others have hypothesized that treatment with ACE inhibitors 

and ARBs protects pneumocytes from lung injury, which has been 

demonstrated in animal models of SARS.55 Of note, the relationship between 

SARS-CoV-2 and human ACE2 receptors is one of a number of biological 

mechanisms proposed for increased infectivity and worse outcomes in 

predisposed patients. Other proposed novel routes for SARS-CoV-2 infection 

include the CD147 receptor on host cells,56 sialic acids linked to host cell 

surface gangliosides,51 transmembrane protease serine 2, and dipeptidyl 

peptidase-4, the latter two being established transducers of metabolic and 

inflammation signaling.49 Several studies have also shown that patients with 

DM have a decreased forced vital capacity and forced expiratory volume in 

1 second, and that this reduced pulmonary capacity may increase general 

susceptibility to respiratory infections like SARS-CoV-2.57

Conclusion
DM is the most prevalent non-communicable chronic disease worldwide.58 

There is a large population in the USA who do not have a known DM 

diagnosis but have pre-diabetic or diabetic-range HbA1c noted on 

presentation, which can put them at risk for increased complications 

from COVID-19.4 DM and subsequent hyperglycemia dampen the immune 

response to infection, increase inflammation, and increase the risk of ICU 

admission in patients hospitalized with viral respiratory illness. Over one 

in 10 residents of the USA have been diagnosed with DM, and descriptive 

literature has identified even higher rates of DM in patients hospitalized 

with COVID-19.59,60 A number of mechanisms have been identified to 

explain the link between DM and morbidity from COVID-19 specifically, 

including a hyperinflammatory state causing coagulopathy and tissue 

damage, host cell surface marker regulation, decreased overall pulmonary 

function, and a paracrine loop model that describes viral binding in 

the lungs and pancreas in the setting of worsening hyperglycemia  

and glycosylation. 

Marginalized populations and underrepresented minorities have been 

disproportionately affected by COVID-19 in the USA with higher rates of 

cases, hospital admissions, and fatalities.61 The age of onset of DM is also 

decreasing among minorities.20 Disparities in healthcare access cause 

higher rates of DM in oppressed racial groups,4 and may be contributing 

to the disproportionate impact of COVID-19 on African American/Black, 

Hispanic/Latinx, and Native American/Alaska Native patients. Advanced 

age populations, which have suffered higher mortality rates with COVID-19, 
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also have had higher rates of DM.4 Most immediately, healthcare institutions 

should undertake aggressive screening for DM in all patients, and very 

close monitoring and control of blood glucose during hospitalization. 

This outbreak should also serve as a reminder of the immense importance of 

targeted initiatives in public health and preventive medicine. The widespread 

impact of COVID-19 illustrates the importance of primary care providers, 

improving healthcare access, addressing social inequities, screening for 

comorbidities, and more intensive chronic disease management. With 

the significant likelihood that high acuity COVID-19 cases will continue 

to present in large numbers, it is also important to pursue further basic 

science and clinical study to better understand the mechanisms by which 

DM affects development and virulence of SARS-CoV-2 infection and overall 

outcomes. Potential future therapies may involve modulating key mediators 

of immunometabolism to reduce viral duration, proliferation, and severity 

of COVID-19 cases. 
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