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Diabetes in the US
 Diabetes mellitus is one of the 
leading causes of morbidity and 
mortality world-wide and the num-
ber of newly diagnosed cases is on 
the rise. In 2018, a crude estimate of 
new cases of diabetes among adults 
18 years old and older in the US was 
1.5 million—or 6.9 per 1,000 per-
sons.9 This same survey estimated 
that 34.1 million—13.0% of all US 
adults aged 18 years or older, had 
either diagnosed or undiagnosed di-
abetes in 2018.9 Among those aged 

High plasma glucose as 
seen in diabetes melli-
tus is a known risk fac-
tors for increased sus-
ceptibility to infection. 

Evidence-based reports continue to 
add credence to the belief that the 
comorbid state caused by diabetes 
increases the morbidity and mortality 
in persons contracting the coronavi-
rus. Elevated awareness of the clin-
ical features, pathophysiology, and 
potential mechanisms of action that 
contribute to the added risk in pa-
tients with diabetes is needed. In this 
article we will discuss the challenges 
faced by persons with diabetes and 
clinicians providing their care during 
the COVID-19 pandemic. This infor-
mation will allow clinicians to pro-
vide appropriate care while spurring 
new investigations to better mitigate 
coronavirus infections in this at-risk 
patient population.

Background on COVID-19
 The World Health Organization 
(WHO) has declared the COVID-19 
outbreak to be a public health emer-
gency of global concern. COVID-19 
is caused by a novel coronavirus 
known as SARS-CoV-2 (severe acute 
respiratory syndrome coronavirus-2) 
and has rapidly spread across the 
world.1 (Figure 1) The dissemination 
mechanism of the virus is primarily 
via transmission of respiratory drop-
lets between people.1 The incuba-
tion time is on average 6–8 days, fol-
lowed by 1–2 weeks of symptomatic 
disease. The majority of COVID-19 
positive patients present with symp-
toms of an acute respiratory illness 
including fever, body aches, lethar-
gy, dry cough, and breathing diffi-
culties, although it appears that the 
novel coronavirus may be impacting 
more than just the lungs, especial-

ly in severe cases. Clinicians from 
around the globe have reported kid-
ney damage, liver dysfunction, heart 
problems, and most recently, issues 
with blood clots such as deep ve-
nous thrombosis (DVT). In the most 
severe cases, coronavirus infection 
can lead to death.2-8 A proportion of 
patients infected with COVID-19 are 
asymptomatic or exhibit only mild 
symptoms, but remain equally infec-
tious.2-8 As is true for so many aspects 
of the COVID-19 pandemic, informa-
tion on clinical complications caused 
by this virus continues to evolve.

This is a dangerous combination.
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Figure 1: SARS-CoV-2 virus mechanism of cell entry via the ACE2 receptor.

Clinicians from around the globe have reported 
kidney damage, liver dysfunction, heart problems, 

and most recently, issues with blood clots 
such as deep venous thrombosis (DVT).
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The CORONADO Study
 Since the beginning of the coronavirus pandemic, 
health officials have cautioned that people with diabetes 
are at risk of developing severe symptoms of COVID-19. 
A recent study published in Diabetologia appears to justify 
this warning. This study was the first of its kind to specif-
ically research the effect of diabetes on patients hospital-
ized with COVID-19.16 The publication on “COVID-19 and 
Diabetes Outcomes”, thus coined the CORONADO study, 
involved analysis of 1,317 subjects admitted to 53 public 
and private French hospitals between March 10 and March 
31, 2020. Across all subjects in this study, one in ten pa-
tients had died within seven days of hospital admission, 
while one in five had been mechanically intubated. It 
should be mentioned that only 18% of subjects were able 
to be discharged to home by day 7. The majority of the 
subjects (89%) had type 2 diabetes. Interestingly, in 3% of 
these cases, the diagnosis of diabetes first occurred during 
hospitalization for COVID-19. Two thirds of the study sub-
jects were men and the median age was 70 years.
 Surprisingly, poor glycemic control was not associat-
ed with poor patient outcomes; however, the presence of 
systemic complications of diabetes, advanced age, and in-
creased body mass index (BMI) did increase the severity 
of COVID-19 infection and the risk of mechanical ventila-
tion as well as elevate the mortality rate. The presence of 
microvascular or macrovascular complications more than 
doubled the risk of death at day 7. Microvascular com-
plications were found in 47% of the study subjects and 
included retinopathy, neuropathy, kidney disease, and 
small vessel peripheral arterial disease.

65 years or older, a population at higher risk for death 
from COVID-19, 26.8% have DM.9 Diabetes mellitus is 
a metabolic disease characterized by impaired glucose 
metabolism resulting in higher than normal glucose 
levels in the body. This condition occurs due either to 
cells failing to produce insulin or lacking the response to 
insulin, or both.
 This increasing pervasiveness of diabetes among 
Americans has had deleterious effects on the overall costs 
of healthcare, as well as on society and the economy. 
After adjusting for inflation, medical costs of diabetes in 
the United States increased by 26% from $188 billion in 
2012 to $237.3 billion in 2017, due to the increased prev-
alence of diabetes and the increased cost per person with 
diabetes.10 Historically, persons with diabetes have exhib-
ited increased risk and susceptibility to infectious disease 
such as Staphylococcus aureus and Mycobacterium tuber-
culosis likely due to compromised immunity.11 Individuals 
with diabetes mellitus, hypertension, and severe obesity 

(BMI ≥ 40 kg/m2) are also more likely to be infected and 
are at a higher risk for complications and death from 
COVID-19.12

The Pathophysiology of SARS-CoV-2
 COVID-19, also known as SARS-CoV-2, shares 80% 
genetic identity to SARS-CoV and 50% identity to the 
MERS-CoV, both viruses which originate in bats and can 
infect humans and other animals.13 The entry of SARS-
CoV-2 entry into the body is a complex process. The ini-
tial step involves the virus binding to cell surfaces via the 
angiotensin converting enzyme 2 (ACE2) receptor.14 ACE2 
is a protein on the surface of many cell types including 
tissues of the lungs, heart, blood vessels, kidneys, liver, 
and GI tract. ACE2 is very abundant in the epithelium of 
the nose, mouth, and lungs-the common sites for corona-
virus entry.
 Like a key inserted into a lock, the virus fuses to cell 
surfaces (Figure 2). This protein provides the entry point 
for the coronavirus to hook into and infect a wide variety 
of human cells.15 ACE2 plays a critical role in regulating 
processes such as blood pressure, wound healing, and 
inflammation. When SARS-CoV-2 binds to the ACE2, it 
prevents it from performing its normal functions, thus 
leading to increased inflammatory responses causing tis-
sue injury and necrosis, especially in the lungs and heart.
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Figure 2: A map depicting the global spread of the coronavirus.

Since the beginning of the 
coronavirus pandemic, health officials 

have cautioned that people with 
diabetes are at risk of developing severe 

symptoms of COVID-19.
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 Macrovascular complications such as cardiovascular 
disease (heart disease and stroke) were present in 41% of 
study subjects. Patients 75 years and over were 14 times 
more likely to die than patient under the age of 55. Respi-
ratory conditions such as obstructive sleep apnea almost 
tripled the risk of dying within the first week of hospital-
ization. Increased BMI was positively and independently 
noted to be associated with tracheal intubation, ventila-
tion, and poor patient outcomes. The authors concluded 
that additional studies are needed to determine the link 

between obesity, metabolic complications, and the se-
verity of COVID-19 infection with specific attention to fat 
mass distribution, insulin resistance, and inflammatory 
and immune profiles.

Why Persons with Diabetes are at an Increased Risk
 It has been proven that elevated glucose levels and 
diabetes mellitus (DM) are known independent predictors 
for mortality and morbidity in patients with SARS.17 Based 
on previous SARS research, several potential mechanisms 
have been theorized that may explain the increase in sus-
ceptibility for COVID-19 in patients with diabetes.
 Potential mechanisms that may increase the suscepti-
bility for COVID-19 in patients with DM include: higher-af-
finity cellular binding and efficient virus entry, decreased 
viral clearance, diminished T-cell function, increased sus-
ceptibility to hyperinflammation and cytokine storm syn-
drome, and increased presence of cardiovascular disease.18 
Impaired immunity seen in persons with diabetes is a 
result of diminished T-cell and macrophage activation.19 
Studies have shown that patients having poor glycemic 
control experience decreased immune response to viral in-
fection as well as bacterial contamination in the lungs.20

 The combination of these factors is the likely reason 
many patients with diabetes are at increased risk for mor-
bidity when infected by COVID-19. A study by Yang et al. 
found that there is increased abundance of ACE2 protein 
found in islet cells when compared to exocrine tissues.21 
This study suggests that the novel coronavirus might 
cause damage to islet cells and, in fact, cause diabetes 
as was seen in 3% of the CORONADO subjects.21 Viral 
infections can cause increases in blood glucose levels in 
patients with diabetes that will adversely affect long-term 
patient outcomes. Therefore, it would stand to reason 
that diabetes when combined with COVID-19 infection 
may make for a deadly combination.
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Type 2 diabetes is widely believed 
to be a chronic low-grade inflammatory 
disease that contributes to wide-spread 

immune system imbalances.
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 Type 2 diabetes is widely believed to be a chronic 
low-grade inflammatory disease that contributes to wide-
spread immune system imbalances. Obesity is an inde-
pendent risk factor for Type 2 diabetes.22 Obesity-associ-
ated inflammation is a direct result of the activation of 
immunity cells in adipose tissue that are released locally 
as well as systemically. Therefore, obesity is a known risk 
factor for surgical-site infections, nosocomial infections, 
skin infections, and upper-respiratory infections. Persons 
displaying excessive abdominal obesity can also suffer 
from mechanical respiratory issues.
 These mechanical changes reduce ventilation causing 
asthma-like symptoms such as dyspnea, wheeze, and 
airway hyper-responsiveness.23 As you may recall, sub-
jects in the CORONADO study that suffered from these 
conditions were three times more likely to die within the 
first week of hospitalization. It is believed that in this 
subset of patients there is a change in the secretion of ad-
ipokines and cytokines, resulting in an induced impaired 
immune response.24

 Common late-stage complications seen in persons 
with diabetes include ischemic heart disease and periph-
eral arterial disease. These co-morbid conditions further 
contribute to patient frailty and susceptibility to compli-
cations from the novel coronavirus. In some severe cases, 
COVID-19 patients have been crashing hard and fast from 
cardiac episodes, which have led some clinicians to be-
lieve that these sudden arrests may have been precipitat-
ed by thrombolytic events. It is hypothesized that critical-
ly ill COVID-19 patients are developing a pro-thrombotic 
form of disseminated intravascular coagulation (DIC) that 
is putting them at increased risk for thrombotic events.
 This growing concern is so common it has been 
recognized as a new pattern of clotting referred to as 
COVID-19 associated coagulopathy, or CAC.25 The COVID-
19 virus induces a hyper-inflammatory state. It has been 
suggested that systemic inflammation induces endothelial 
injury. This will activate the coagulation cascade and im-
pair fibrinolysis with disruption of the endothelial barrier, 
and loss of physiologic antithrombotic factors which may 
elevate the risk for cardiac injury, heart failure, and de-
crease in circulation.
 Lastly, early published data shows that the most com-
mon co-morbidities seen in patients with severe cases 
of COVID-19 are diabetes and hypertension. Angioten-
sin-converting enzyme (ACE) inhibitors are often used to 
treat both of these conditions. When patients are treated 
with ACE inhibitors, expression of ACE2 is increased. We 
have already discussed how the SARS-CoV-2 binds to cell 
surfaces via the ACE2 receptor. It has been suggested that 
the use of ACE inhibitors to manage diabetes could accel-
erate the entry of the novel coronavirus, thus amplifying 
the risk of serious disease and death.

Conclusion
 Podiatric care remains vital during the current 
COVID-19 pandemic. Podiatric physicians provide es-
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sential care to an at-risk patient 
population. Many of our patients 
have diabetes, predisposing them 
to greater complications from coro-
navirus infection. Steps must be 
taken to limit disruptions in care, 
including performing services in 
lower-risk settings to limit patient 

morbidity and mortality. Through 
the implementation of a triage sys-
tem to categorize the needs of our 
patients with diabetes, clinicians 
can continue to manage the care of 
our patients. Innovative therapies 
paired with alternative treatment 
sites of service such as telemedi-
cine, home visits, mobile clinics, 
and free-standing office sites can 
help to mitigate risks for these vul-
nerable patients with advanced co-
morbidities. By thinking outside the 
walls of the hospital, clinicians can 
continue to provide care to these 
at-risk patients while simultaneous-
ly reducing their risk of acquiring 
COVID-19 infection. Podiatric physi-
cians can use advanced technologies 
such as virtual platforms, diagnostic 
imaging devices, and remote patient 
monitoring to find innovative ways 
to navigate this global healthcare 
crisis to benefit their patients and 
practices alike. PM
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